
1. Installing Git
2. Basic Shell Commands
3. How Git works under the hood
4. Basic Git Operations
5. Git Branches and HEAD
6. Cloning, Exploring and Modifying Public Repositories
7. Merging Branches
8. Git Hub and Remote Repositories
9. Git Push, Pull and Fetch
10. Git Pull requests
11. Forks and Contribution to the Public Repositories
12. Git Tags
13. Git Rebasing
14. Ignoring files in Git
15. Detached Head
16. Advanced Git
17. GitHub Pages
18. Git Hooks

The Complete Git Guide: Understand and master Git and GitHub

https://www.udemy.com/course/git-and-github-complete-guide/


INSTALLING GIT



Installing Git
From powershell use git –version command to see 
if git is installed. If not installed git can be 
downloaded from https://git-scm.com
For windows there are 32 bit and 64 bit versions.

Important Notice: Git installation for windows coms with git bash terminal. You should use git bash 
terminal rather than built in terminal such as powershell.

First go to https://code.visualstudio.com and 
download and install.
When installing check the box that says 
“register code as default editor for supported 
file types”

Next click on the git downloaded exe file, i.e. 
Git-2.35.1.2-64-bit.exe. 

When running through the git install options 
select visual studio code as the default git 
editor.

https://git-scm.com/
https://code.visualstudio.com/


Override the default branch name for new 
repositories. Chose main. This will make sense 
further along in the course.

Leave as default setting of Git from command 
line and also from third party software.



Leave as default setting of use bundled 
OpenSSH.

Leave as default setting of use OpenSSL 
Library.



Leave as default setting of checkout windows-
style, commit unix style line endings. 

This option is best for cross platform projects 
where developers use different operating 
systems.

Leave as default setting of Use minTTY



Leave as default setting of Git Credential 
Manager

Leave as default setting of (fast forward or 
Merge).

This will make sense further along in the 
course.



Leave as default setting of enable file system 
caching.

Leave as default setting of both unchecked.

Click Install



From the windows icon 
there is a git folder with 
Git Bash Terminal which is 
a command line terminal 
program with colours. 
(better than Powershell!)



BASIC SHELL 
COMMANDS



Directory Management Shell Commands
pwd Shows the current directory.

clear This command will clear the 
bash terminal of all previous content.

cd .. Two dots is the alias for parent 
directory. So cd.. Will go back one 
directory. Note  that prior we were in 
c/users/ellio and now we are in 
c/users

ls Will list what is in the current 
directory, in this case folders.

ls –l Will list details about the folders 
or directories

Owner of directory

Group of users

Date

Name of directory

Directory permissions



ls –la – Will list more details about 
all the folders or directories. 

Hidden directories start with a dot.
NOTE: Without option a you will not 
see hidden folders and files.

cd – can be used to change 
directory. In this case we are moving 
into the ellio directory.

pwd – confirms that we have moved 
into this directory.



cd I can use this 
command with any 
long path to jump 
into that directory.



cd /c Will take me 
back to the root 
folder of C:

Tab key Performs 
an autocomplete 
function. For 
example if I type cd 
les then it would 
autocomplete to cd 
lessons.

File management Shell Commands
man  This 
command can used 
to get help on any 
command except 
that it does not 
work on windows.

Alternatively use 
help then the 
command you want 
help with.



Double tab In this 
example I typed cd 
ver followed by 
double tab. 

Because there were 
multiple options it 
asked me if I 
wanted to see all 
50 possible options.

I was then able to 
continue typing cd 
Ver_101 followed 
by tab which 
autocompleted to 
the correct 
command because 
there was only one 
option for Ver_101.



echo This 
command is used 
to output whatever 
to the bash 
terminal

touch This 
command is used 
to create a new file. 
In this case I have 
created new-fil.txt 
with txt being the 
file extension.

> Using greater 
than symbol means 
write to. So now 
another-file.txt will 
contain hello 
world!.



cat This command 
is used to read 
contents of file. 

We can see that 
another-file.txt 
contains hello 
world! And new-
file.txt is empty.

>> Using two 
greater than 
symbol means 
append to. So now 
another-file.txt will 
contain hello world! 
Another line.

nano is an inbuilt 
file editor within 
the bash terminal



new-file.txt is now 
open within a nano 
terminal for 
editing.

cat new-file.txt 
shows that the 
contents of the 
nano terminal has 
been saved to the 
file.



rm This command 
removes (deletes) a 
file from the 
directory.



Summary of Shell Commands
pwd Shows the current directory

. Is the alias for the current directory

.. Is the alias for the parent directory

ls Gives a simple list of what is in the current directory

ls -l Detailed list of current directory (file permissions, owner, users, date, and files or directories) 

ls -la Detailed list of current directory including hidden files or directories

cd Change directory

Cd .. Change directory to parent directory (go up one level)

clear Clear the contents of the bash terminal

mkdir Make directory. This command will create a sub-directory in the current directory

tab autocomplete

touch Create file

echo Output the contents of the echo command

> Write to 

>> Append to 

cat Read contents of

nano Nano text editor

rm Delete file

rm -rf Delete directory



HOW GIT WORKS 
UNDER THE HOOD



Next I have used cd .. 
to go back one 
directory and ls to 
list all the 
directories.

rm is used to delete 
files but if I try to use 
same command to 
delete a folder it 
gives me a cannot 
remove error.

rm –rf command is 
used to delete 
directories.

Trying to cd to the 
folder gives a no 
such file or directory 
error because we 
have deleted the 
directory.



mkdir Is short for make 
directory. In this case I 
have created the directory 
first-project within the 
c/xampp3/htdocs/lessons/
07_GIT directory.

cd to move into the first-
project directory and a ls –
la shows the directory as 
empty.

Git init Command will 
initialise the git repository.

Initialise New GIT Repository

ls –la Will show the git 
repository directory. Note 
that the git repository is a 
HIDDEN FOLDER and so 
will not show up with a ls 
command.

Note: The bash terminal 
prompt changes to 
(master) because we are 
now on the master branch



Note: However, moving into the same directory 
from a normal terminal will not show the master 
branch.

Overview of GIT Repository
Explorer . From git 
bash terminal Will 
open the directory in 
windows explorer 
where we will see a 
hidden git folder with 
sub folders and files.

IMPORTANT: Never 
move or modify the git 
folder or its contents 
from explorer. It will be 
completely managed 
by git.



To enter the git directory use cd .git. Note that the git directory is hidden so we have to denote this 
with a dot before the directory name.

ls –la Will list the 
contents of the .git 
directory and a cat 
config will show the 
contents of the config 
file.

cat description File is 
empty and says un-
named directory 
because the 
repository does not 
have a name.

cat HEAD File only 
contains the default 
rfs/heads/master.



GIT has it’s own file system which stores objects in the objects folder. There are four object types in 
GIT which allow it to perform file tracking, change tracking etc.

Blob Tree Commit Annotated Tag

In blob object types 
Git stores files, any 
file types such as 
video, pictures, text, 
etc. any file types.

With help of tree 
object type git stores 
information about 
directories. Directory 
may be empty or 
contain files or a mix 
of files and 
directories. Directory 
bay be a blob or tree.

Commit object type 
stores different 
versions of our 
project.

Annotated tag is 
persistent text pointer 
to specific commit.

For management of Blob and tree we will use low level git commands such as git-hash-object or 
git cat-file



Writing of new git object using git hash-object
The first-project folder contains a git repository as seen with a ls –la command. git hash-object 
Command will produce a hash of the echo “Hello, Git”. Note that no quotes or single quotes can be 
used. We use the pipe to say make a hash of what is before the pipe.  --stdin signifies standard input 
and –w signifies write.



The git hash-object command gave us the hash of 703a16bf2247dc35c60b5c2aa6a8783dc6222b5d
Note: the first two hex are the folder name and the remaining hash is the file name in that folder.



The new hash fil was not created in the main folder but in separate folder within the objects folder 
of the git directory.

I use cd .. Three times to return to the master level of the directory.



JSON vs Git Database

JSON is Javascript object notation using key value pairs to store data in javascript friendly form.

{

“id”: “12345”,

“name”: “John”,

“age”: “25”,

“house number”: “25”,

“city”: “Paris”,

“hobbies”: [“skateboarding”, “running”]

} 

Each key is unique across entire JSON object. 

Values can be the same across JSON keys.

Keys in Git unique like in JSON. Git keys are equal to the hash of each object. Folder name + file 
name = hash.

Values in Git cannot be equal because keys are generated from values. – the hash.

Git also stores keys and values.

Starting point of object. 

Ending point of object. 

Key value pair



What is hash?

Any variable length input (such as text, video file, image file etc.)

Fixed length hash i.e. b7aec520dec0a7516c18eb4c68b64ae1eb9b5a5e

HASH FUNCTION

HASH FUNCTION is one 
way function. i.e. a hash 
can be derived from an 

input but an input cannot 
be derived from a hash.

Same input will always 
produce same HASH

Common hash functions: MD5: 128 bit long hash
SHA1: 160 bit long hash
SHA256: 256 bit long hash
SHA384: 384 bit long hash
SHA512: 512 bit long hash

Git uses SHA1 hash 
which is 40 hex long

A small change of input will 
produce a completely 

different hash.



In a new terminal window we can echo “Hello, Git” and using the utility shasum we can generate a 
sha1 hash.

Note that echo “hello, Git!” 
produces a completely different 
sha1 hash.

By adding –n echo “hello, git!” I am 
specifying no line break at the end of 
“hello, git!” Echo automatically adds 
line break at the end of the text. This 
also produces a completely different 
sha1 hash.

How many files can Git store in the same repository and what is the chance of producing files with 
the same hash? i.e. hash collision.

SHA1 has 160 bits so the answer is a possible 2 to the power of 160 number of files. The number is 
so huge that thee is no need to worry about git running out of possible hashes, even if the project 
has millions of files.

To understand probability of hash collision think about dice probability. The probability of throwing 
two dice and getting the same number is (1/6)x(1/6) which is about 16%. For SHA1 the formula is 
(1/2 to power 160)x(1/2 to power 160) which is ½ to power 320) or 0. 96 zeros then some numbers. 
So small that it will almost never occur.



Reading git object using git cat-file
git cat-file –p <hash> Command will printout to screen the contents of the hash file.
git cat-file –s <hash> Command will show the size of the file in bytes
git cat-file –t <hash> Command will show the type of file in the repository, in this case a blob.

Note: The file has to exist in the repository or we will get a fatal error.



Git blobs do not store filenames. Files are stored as a hash. Folder is first two hex digits of hash and 
the file is named after the remaining 38 hex digits of the hash.

Contents of git object
Content Object type Object length+ + =    hash

blob 11 /0

hello, git

Delimiter denoted by /0

It does not matter how git object was created there are always 4 field inside of actual git object in 
git database.

b7aec520dec0a7516c18eb4c68b64ae1eb9b5a5e

Note that our previous blob was created from “Hello, Git” 
with a file size of 11 bytes. Using shasum utility and 
manually adding blob, size and delimiter we get the same 
hash thus proving that the hash is made of blob, object 
type and delimiter with the contents. Note the –e is 
needed to escape slashed character.



Create new git object using git hash-object

Previously we used echo “Hello, Git” | git hash-
object --stdin –w to create a blob with contents of 
Hello, Git but we can also create a git object based 
on existing file.

In a sperate terminal a new file is created n the 
c/user/ellio directory with a name new-file.txt 
and contents “Second file in Git repository”.

ls shows the file in the c/user/ellio directory
and not the git directory.



git hash-object <file path and 
file name> Command will 
generate a hash for that file. 

To write it to the repository 
we append –w to the 
command.

If we cd/.git/objects into the 
objects if the git repository we 
can see two folders named 
after the first two hex digits of 
our hashed objects.

The original file can be deleted but the git repository still retains the 
new file because it stores it in the objects folder independently of 
existing directories.



If we try to read the 
contents of a git file using 
the cat command it 
returns some weird 
symbols because git uses 
compressed binary to 
store files.

However the hash can be read to 
find the contents, type (blob) and 
size of the file in the git 
repository.



The second file in git repository has content of 
“Second file in Git repository”. It has length of 30 
bytes and is a blob. 

4400aae52a27341314f423095846b1f215a7cf08

b7aec520dec0a7516c18eb4c68b64ae1eb9b5a5e

Recap: we have two 
blobs in the objects 
directory. Note: blobs do 
not store filenames.

Content: Second file in Git repository
Type: blob
Length: 30

Content: Hello, git
Type: blob
Length: 11



Permissions type SHA1 hash filename

Git object permissions
040000 Directory, i.e a tree
100644 Regular Non-Executable file
100664 Regular Non-Executable group writable file
100755 Regular Executable file
120000 Symbolic link
160000 Gitlink 

Git tree objects have four fields:

Permissions are needed because the git 
repository is independent of computer 
file system. Git is a separate file system 
so permissions are needed.



Creating Git Tree Object

100644 blob 4400aae52a27341314f423095846b1f215a7cf08 file2.txt
100644 blob b7aec520dec0a7516c18eb4c68b64ae1eb9b5a5e file1.txt

We want to build the below tree for the two existing blobs in our git project:

ls –la command shows that we 
have a git folder and 
find .git/objects –type f 
command finds all type files 
withing the .git/objects 
directory.

We can create a file called temp-tree.txt in nano editor. 



Space Space Tab

Control and O to save the file then control and X to exit nano editor.

Now there is a tree file in the 
c/users/ellio directory that can be 
viewed with a cat temp-tree.txt 
command.



We can see the contents of the 
temp-tree.txt file in the 
c/users/ellio directory using the 
cat command.

We can then create this tree in 
the repository using a 
git mktree command and we see 
that it has been created in the 
objects folder with a hash.

Now that the tmp-tree.txt is in the repository we can delete it with 
a rm temp-tree.txt from the c/users/ellio directory.

Tree

cat command can be used to 
view the contents, type (tree) 
and size of the hash.



3b95df0ac6365c72e9b0ff6c449645c87e6e1159

Content: 
100644 blob b7aec520dec0a7516c18eb4c68b64ae1eb9b5a5e    file1.txt
100644 blob 4400aae52a27341314f423095846b1f215a7cf08    file2.txt
Type: 
tree
Length: 
102

4400aae52a27341314f423095846b1f215a7cf08b7aec520dec0a7516c18eb4c68b64ae1eb9b5a5e

Content: 
Second file in Git repository
Type: 
blob
Length: 
30

Content: 
Hello, git
Type: 
blob
Length: 
11



Hash: 3b95df Tree

File1.txt File2.txt

Hash: 703a1 Blob

Hello, git

Hash: 4400a Blob

Second file in Git repository

Because there is only one 
tree in the repository it is 

the root tree.

Root Tree.

Working Area, Staging Area and Git Repository

Working Area Staging Area 
(index)

Git Repository

This is the warehouse 
for the project

This is where files are 
worked on

This is an intermediary between the 
depository and the Working Area



This area is the working area

This is the git repository

git ls-files Command can be 
used to view the files in the 
Staging Area (index)

So at the moment there are no files in the Working Area or the Staging Area but the 
repository contains 2 files, 3 files including the tree.



Git read tree

Working Area Staging Area 
(index)

Git Repository

File1.txt

File2.txt

File1.txt

File2.txt

git read-tree Command can be 
used to move files from git 
repository to staging area. 

Note that we need to put in 
the hash of the tree.



Working Area Staging Area 
(index)

Git Repository

File1.txt

File2.txt

File1.txt

File2.txt

With a git ls-files command 
we can read the Staging area. 
By adding a –s to this 
command we get a more 
detailed table output.

File permissions.

File Hash.

Zero means the file is the 
same as in the repository.

File name.



Working Area Staging Area 
(index)

Git Repository

File1.txt

File2.txt

File1.txt

File2.txt

File1.txt

File2.txt

In the Working Area we only have 
the git repository.

Using git checkout-index -a 
command we can copy –all files 
from the staging area to the 
working area.

Now we see the two blob files 
have been copied from the 
Staging Area (index) to the 
working Area.



We can read the files in the 
working area using the cat 
command.

A ls –l command will show the 
files or directories with:

Owner

Group of users

Date

Name

Permissions

How many folders can git object create?
Git uses two hex bits to represent folder names so 16 x 16 = 256 maximum possible folders in a git 
project. 

If hashing of a file produces a hash where the first two bits match those of an existing folder then 
that hash will be stored in the existing folder. Therefore the git object folders may contain multiple 
hashed files.



Git status shows us information 
abut files, commits, and branches.



Summary of Shell Commands

git init Initialise git repository in current folder

git cat-file –s <hash> Read a hash file size

git cat-file –t <hash> Read a hash file type

echo “test” | git hash-object --stdin –w Writes contents of echo to a hash in git objects folder

git hash-object <file path and file name> -w Detailed list of current directory including

git cat-file –p <hash> Read a hash file contents

find .git/objects –type f Find files (hashes) of git objects

cat <file path and name> | git mktree Create tree from file

git ls-files List files in staging area (index)

git read-tree <hash> Copy files from repository to staging area

git checkout-index -a Copy files from staging area (index) to working area

git cat <filename> Read contents of file in working area 



GIT BRANCHES AND 
HEAD



What is Git Commit Object?

Content Object type Object length+ + =    hash

blob 11 /0

hello, git

Delimiter denoted by /0

A git commit object has the same structure as a tree and blob object type.

Hash: 8a31fb Commit

Author Name and Email
Commit description
Parent

The contents contains Author name and Email, 
Commit description and optional Parent parameter.

Commits allows us to store different versions of our 
project and allows us to checkout rapidly a different 
version.



Hash: 3b95df Tree

File1.txt File2.txt

Hash: 703a1 Blob

Hello, git

Hash: 4400a Blob

Second file in Git repository

Root Tree.

Hash: 8a31fb Commit

Author Name and Email
Commit description
Parent

Pointer: 3b95df

A git commit is simply a 
wrapper around a tree 
object that contains a 
pointer to a specific tree in 
git database.

A project can contain 
multiple commits and 
multiple tree’s depending 
on the many versions of a 
project.

Author name and email is 
used for tracking changes.

Commit description is a 
text field that contains 
details of the changes in 
this commit.

Git is distributed version control software so many people can work on the same project.



Set Author Name and email?
Set Author Name and email locally on your machine. These are global settings that will apply to all 
git projects.

git config --global user.name 
“user name” Command is used to 
set username.

git config --global user.email 
“user email” Command is used to 
set user email.

git config --list Command is used 
to verify username and email.



Creating first Commit
git status Command shows us 
that we are on the master 
branch and that there are 
currently no commits. 

It shows us that there are two 
files in the staging area that 
could be committed to the 
repository.  This is another 
purpose of the staging area. 
There must be files in the 
staging area to perform a 
commit.

git commit –m “comment” 
Command will commit 
whatever is in the staging 
area (index) to the repository. 
In this case two files have 
been committed.



We can see that this commit 
was performed on the master 
branch.

Because it is our first commit 
it is a root commit and does 
not have any parents.

SHA1 hash of this new 
commit, the first 6 hex digits.

Description of this commit

Here we can see the new 
commit object in folder 25 
which is the first two hex 
digits of the commit hash.

We can read the contents of 
the commit with git cat-file –
p <hash> command. 
Note that the first line refers 
to a tree, specifically in this 
case 3b95df which is our 
manually created tree.



Next are the author and 
committer. Usually these are 
the same.

Here is a unix time stamp. The time 
stamp is number of seconds passed 
since 1st Jan 1970. 

Timestamp. I.e UTC +1

Commit comment.

The size of the commit object 
is 211 bytes

And the type of object is a 
commit.



Working Area Staging Area 
(index)

Git Repository

file3.txt

First we create a new 
file in the working area

Then we place it in the 
staging area (index)

Then we commit it to 
the repository

git commit

Hash: 3b95df Tree

File1.txt File2.txt

Hash: 703a1 Blob

Hello, git

Hash: 4400a Blob

Second file in Git repository

Root Tree.

Hash: 25de26c Commit

Our very first commit in the project

Pointer: 3b95df
Root commit.

file3.txt file3.txt
git add



Here are the two files located 
in git working area.

Here are the two files located 
in git staging area.

Here are the objects in the git 
repository.

Root Commit
Tree
Blob
Blob

git status command shows that 
there is nothing to commit right 
now.

git Log command shows that 
there is only one commit action 
in the repository.



Using nano editor a third file is 
created in the working area 
called file3.txt.

The file3.txt can be seen 
in the working area with a 
ls -l command.

But file3.txt is not in the 
staging area. Checked 
with git ls-files -s



A git status command shows 
that file3.txt is untracked and it 
suggests we use git add to start 
tracking the file.

There are four git tracking status 
options and a file may change 
status many times.

Untracked Modified Staged Unmodified 

Stage (start tracking) git add

Commit file git commit

Stage git add

Change file in working directory

untrack



Git Add command
The git add command is used to 
move the new file file3.txt from 
untracked to staged. Note that 
the git add command requires 
parameters.
git add . Means add all files or
git add <filename> means add 
specified file.

git ls-files –s now shows 
file3.txt in the staging area.

Untracked Modified Staged Unmodified 

Stage (start tracking) git add

file3.txt file3.txt

File3.txt has now moved from untracked to tracked and is in the staging area.

git add file3.txt



The git status command shows 
file3.txt as staged and ready to 
be committed to the repository.

The change file3.txt from stagged 
to untracked the command git rm -
-cached file3.txt can be used.

git ls-files –s shows that file3.txt is 
now removed from the staging 
area.

The git status command now 
shows file3.txt as untracked and 
ready to be tracked.

Untracked Modified Staged Unmodified 

(Untrack) git rm

file3.txt file3.txt
git rm --cached file3.txt



Again we add file3.txt to 
tracked in the staged area.

Now the file can be moved 
from the staged area to the 
repository with a commit
command.
Note the output that the 
commit is in the master branch 
with a hash of fd127e1 and 
comment of “Second commit”

Untracked Modified Staged Unmodified 

Commit git commit

file3.txt file3.txt

git commit –m “Second commit”



git status now shows nothing to 
commit meaning we are all 
synchronised in working area, 
tracking area and repository.

git log now shows two commits.

git cat-file -p fd127e1 shows 
more detail about the second 
commit. Note how the Second 
commit has a parent that is the 
hash of the root commit.

All subsequent commits will 
have a parent pointing to the 
root commit.

git cat-file -p 31b1e9 shows 
that the tree of the Second 
commit contains 3 files with 
hash links.



Hash: 3b95df Tree

File1.txt File2.txt

Hash: b7aec520 Blob

Hello, git

Hash: 4400aae Blob

Second file in Git 
repository

Root Tree.

Hash: 25de26c Commit

Our very first commit 
in the project

Pointer: 3b95df

Root commit.

Hash: 289960f Blob

This is third file in 
our Git repository

Hash: 31b1e96 Tree

File1.txt File2.txt File3.txt

Hash:fd127e1 Commit

Second Commit

Pointer: 31b1e96

Parent:25de26c

TIME



Summary of Shell Commands
git config --global user.name “user name” Set global username for local git

git config --list View git config list

git status Check status of git

git commit –m “comment” Commit changes in the staged area to the repository 

git add <filename>
Copy file from working area to staged area (tracked status)

git config --global user.email “user email” Set global user email for local git

git rm --cached <filename> Remove file from staged area to untracked status 

git log View log of commit actions

Now the project has two versions. The first version with tree 3b95df has two files in it and 
the second version with tree 31b1e96 has three files in it. This is how Git tracks changes. 
When files are modified the hash changes so a new tree is created. 



File States in Git Areas

Working Area Staging Area 
(index)

Git Repository

git add

git commit

Git Checkout

STAGE

COMMIT

Jump into certain “version” of the project

Untracked

Modified

Staged

Unmodified 

Unmodified 

Unmodified 



Download the GitHub desktop exe from https://desktop.github.com

Click on add an existing repository



Select the folder and choose 
add repository



No local changes means that the files 
are synchronised across working area, 
staging area and the repository 

Current repository is first-project Current branch is master

History will show 
all of the commits

Changes are 
committed here



In the first commit two files were 
added to the project

In the second commit a third file was 
added to the project



What is branch?
Branch is just text reference to the commit

Default Branch is Master

Pointers for all branches are located in .git/refs/heads folder

Current Branch tracks new commits

Branch pointer moves automatically every each new commit

Change Branch git checkout <branch>

MASTER New-Branch DEV-1512 

When switching between branches we will not see any new commits in the other 
branches.

Branch name cannot have spaces. i.e. New branch is not valid and would automatically 
be changed to New-Branch.



Hash: 3b95df Tree
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Hash: b7aec520 Blob

Hello, git

Hash: 4400aae Blob

Second file in Git 
repository

Root Tree.

Hash: 25de26c Commit

Our very first commit 
in the project

Pointer: 3b95df

Root commit.

Hash: 289960f Blob

This is third file in 
our Git repository

Hash: 31b1e96 Tree

File1.txt File2.txt File3.txt

Hash:fd127e1 Commit

Second Commit

Pointer: 31b1e96

Parent:25de26c

TIME

MASTER BRANCH



cd .git/refs/heads directory 
contains one file called master.

cat master shows that this file 
has one line only which is the 
hash pointer to the most recent 
commit in this branch. In this 
case fd127e1.

What is HEAD?
HEAD is a pointer to current branch in the project. There can be multiple branches but only one 
HEAD – only one current branch.

HEAD is reference to the currently checked-out branch or commit.

Pointer is located in the .git/HEAD file.

Default pointer is ref: refs/heads/master

Change reference to specific branch git checkout <branch>

Change reference to specific commit git checkout <hash>

HEAD is locally significant only so changing it on your git will not affect other users



In the .git directory we have 
a file called HEAD.

cat head shows that this file 
has one line only which is 
the pointer file.

A cat refs/heads/master 
command shows that the 
hash in the HEAD pointer 
file is that of the second 
commit.



Hash: 3b95df Tree

File1.txt File2.txt

Hash: b7aec520 Blob

Hello, git

Hash: 4400aae Blob

Second file in Git 
repository

Root Tree.

Hash: 25de26c Commit

Our very first commit 
in the project

Pointer: 3b95df

Root commit.

Hash: 289960f Blob

This is third file in 
our Git repository

Hash: 31b1e96 Tree

File1.txt File2.txt File3.txt

Hash:fd127e1 Commit

Second Commit

Pointer: 31b1e96

Parent:25de26c

MASTER BRANCH

HEAD



ls -l command shows the three 
files in the working directory.

rm <filename> Command can 
be used to remove all three 
files from the working directory.

git status shows that the files 
are ready to be staged.

All three files are staged using 
git add .

git status show all three files as 
staged.



The files show as staged in the git hub desktop 
and marked with a minus for remove. 



If we type git commit 
without –m “comment” 
then the console enters into 
VIM terminal where we have 
to add a comment.

To edit this file in VIM 
we need to use control 
and I to insert where we 
can add at the top 
“Third commit”.

TO exit out of insert 
mode use escape. Then 
we use :wq and enter to 
write the changes to the 
file and quit.



Here we se the output of 
the commit.
The commit was made on 
the master branch.
The hash of the commit is 
f3f965f and the comment 
is Third commit.

3 files were deleted.

git log command shows 
the three commits. Note 
the usual information of 
author and datetime plus 
time zone. HEAD still points 
to master branch. The new 
commit also has its Hash.



The heads/master file now 
points to the hash of the 
third commit.

The contents of this new 
commit hash file contain a 
pointer to new tree, a 
pointer to parent and 
author, committer and 
comment.

If we examine the contents 
of the tree we see it is 
empty and with file size of 
zero. This is because the 
last commit was to delete 
all three files.
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Hash: 25de26c Commit
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commit in the 
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Hash: 31b1e96 Tree
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Hash:fd127e1 Commit

Second Commit
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HEAD

Hash:f3f965f Commit

Second Commit
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Parent:fd127e1

Hash: 4b825dc

TreeEmpty



The working area is empty.

The staging area is empty.

But in the Git repository all 
the files are stored in the 
objects folder.

Git repository stores all 
previous files and commits.



The parent commit file 
hash can be found for 
the third commit.

git checkout <commit>
command for the 
parent hash of the third 
commit moves the 
Head pointer to the 
second commit.

Note how it gives a 
detached HEAD notice.

Now instead of master 
branch it says the hash 
of the second commit.



Hash: 3b95df Tree

File1.txt File2.txt

Hash: b7aec520 Blob

Hello, git
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commit in the 
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When head points to a specific commit rather than a branch it is referred to as detached head state.



If we look at the contents of 
the HEAD file it now just has 
a pointer to the second 
commit.

The master still points 
to the third commit.

The working directory now 
contains all three files.

The Staging area also 
contains all three files.

The tree is the second tree 
and the parent points to 
the first commit.



In GitHub desktop 
history section we only 
see the first commit 
and the second commit. 
This is because the 
project is viewed from 
the perspective of the 
head pointer. 



In the log we only see 
two commits with the 
second commit having 
HEAD only and not 
Master->HEAD as before.

Now if we checkout the 
first commit we get a 
message telling us the 
previous HEAD and 
current HEAD. The head 
file points to the first 
commit.

Note that the working 
directory and staging 
area also changes to 
reflect the two files 
present in the first 
commit.
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When head points to a specific commit rather than a branch it is referred to as detached head state.

HEAD



git checkout master
command will switch the 
HEAD back to the master 
branch.

Now there are once again 
no files in the working area 
or the staging area.

Git log shows the 3 
commits.

The HEAD file pints to the 
refs/head/master file.

The refs/heads/master file 
contains the pointer to the 
third commit.



Hash: 3b95df Tree
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Hash: b7aec520 Blob

Hello, git

Hash: 4400aae Blob

Second file in Git 
repository

Root Tree.
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commit in the 
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This is one method to switch easily between different versions of 
the project. Move the head pointer to a specific commit – called 
detached head state.

HEAD



Commit

TIME

MASTER

Commit Commit Commit
Root 

commit.

Commit Commit Commit

BR 102

Commit Commit Commit

EXP

HEAD

Commit Commit

TEMP

Lets say that at some point in the project 
we decide to work on an experimental 
version of the project and we do not 
want to mess around with the master 
branch which is the main project.

We can have a separate 
branch i.e. BR102 where we 
can continue working on 
the experimental branch 
while other users can still 
access the master branch 
and do their work.

Branches are completely 
independent of each other.

What are branches?

Note that there is only one 
head pointer which at the 
moment is pointing at EXP 
branch.

Branch is a wrapper for all 
the commits in that branch. 
It is a human readable name 
for a particular version of the 
project.



git branch command will list all 
branches.

git branch <name> will create 
a new branch, in this case 
called temp.

The git refs/heads file now has 
two pointers in it for each 
branch.

If we look at the master branch 
pointer it points to the third 
commit. As does the pointer 
for the new temp directory 
because we created it as a 
branch starting from the third 
commit.

If we checkout the new branch 
with git checkout <branch 
name> then the head pointer 
now goes to the temp branch.

The head pointer of the temp branch points to the third commit 
because we have not created any new commits in temp branch..
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git branch –m <old name> 
<new name> command will 
rename a branch.

git checkout <branch 
name> command will 
switch the working 
directory and staging 
directory to new branch.

git branch -d <branch 
name> command delete a 
branch.

git branch command to list 
branches.



Currently there is only the 
master branch in the project.

git checkout –b <branch 
name> command will create 
and checkout a new branch. 
In this case called BR-1.

The branch does not have 
any files in it.



While in branch BR-1 We can 
create a new file called 
file4.txt with content “Hello, 
Git”

And we see the new file in 
the working directory.

git status shows that the file 
is ready to be tracked in the 
staged area.

git add file4.txt command 
will add file to tracking in the 
staged area.

git commit –m <comment> 
will add the new file to the 
repository in branch BR-1.



git status command shows 
that we are synchronised 
across repositories.

ls -la shows the file in the 
working directory. 

git ls –files –s shows the file 
in the staging area.

b7aec520dec0a7516c18eb4c68b64ae1eb9b5a5e

Notice the hash. It is the same as the blob created in the first commit that had the same contents 
of “Hello, Git”

Git reused blobs where contents is the same, even if the filenames are not the same because the 
filename is stored in the tree.



Commit 25de26c

Our very first commit 
in the project

Commit fd127e1

Second Commit

Parent:25de26c

MASTER BRANCH

Commit f3f965f

Third Commit

Parent:fd127e1

HEAD

BR-1 BRANCH

Commit 0c43f1

First commit in the 
BR-1 branch

Parent:f3f965f

Root commit.

Tree 3b95df

File1.txt File2.txt

Tree 31b1e96

File1.txt File2.txt File3.txt

Tree 4b825dc

empty

Blob b7aec520

Hello, git

Blob 4400aae

Second file in Git 
repository

Blob 289960f

This is third file in 
our Git repository

Tree 0b7af15

File4.txt

Git has reused 
existing blob 
for file with 
different 
name!



The git log shows the 
four commits.

If we look at the contents 
of the fourth commit it has 
a parent that is the third 
commit.

If we look at the contents 
of the parent of the fourth 
commit it does indeed 
show as the third commit.



Current branch is set to BR-1 
and in the dropdown we can 
switch to master branch.

In Branch BR-1 we 
a history of 
commits including 
the first commit in 
BR-1 branch.



Summary of Shell Commands
Ls -l List files in working area.

Ls -la git/objects List objects directories in the repository

cat git/HEAD See where the head pointer is indicating

git checkout master Move the head pointer to the master branch. Files in 
working and staged areas reflect those of that tree.

cat .git/refs/heads/master See  where the master pointer is indicating

git ls-files -s List files in staging area

git checkout <commit> Move the head pointer to a specific commit. Transfer 
files of that commit to the working and staged area.

Git branch Gives a list of all the branches in the project

Git branch <name> Create new Branch

Git checkout <branch name> Checkout specific named branch

Git -d branch <branch name> Delete specific named Branch

Git -m branch <old> <new> Rename specific branch

Git -m branch <current name> <new name> Rename specific branch

Git checkout -b <branch name> Create new branch and check it out at the same time.



CLONING, EXPLORING 
AND MODIFYING PUBLIC 

REPOSITORIES



Clone GitHub repository
At github.com website select explore -> collections then chose learn to code.



From here we select the hello world link -> code button -> and copy the url
git clone https://github.com/zzl686/hello-world.git



Git clone command can be 
used to clone the GitHub 
repository.

Now there are two projects 
in the directory. 

If we cd into the directory we 
can see that it is under git 
control and puts us into the 
master branch.

We can also see the git 
directory.



If we check the HEAD we can 
see that it points to 
refs/head/main

Checking the contents of the 
HEAD we see that we have a 
hash pointer to a file

This pointer is the last 
commit of the main branch 
and references a tree.

Inside the tree we have 
multiple blobs and tree’s



Contents of files can be 
viewed. In this case I am 
using the hash of the file 
called LICENSE.



In the git/objects folder there are no objects because it has been optimised in the pack 
folder. Note the 2 mb pack file. The IDX file is an index of this optimised content.



In explorer the pack file can be moved manually to the objects 
folder.

An ls of the .git/objects 
directory shows the pack 
file.

Using cat <filename.pack> 
| git unpack-objects 
command the contents of 
the pack file can be 
unpacked into the current 
folder, objects, where we 
can see all the folders with 
all the blobs, trees, 
commits and annotated 
tags.

Git has actually unpacked 
about 4000 files!

Notice how there are 256 
directories. 16x16. this git 
repository is using the 
maximum number of 
objects directories.



As the pack file is now unpacked it is no longer needed and can be removed to clean 
up the objects directory.

If rm command does not work then try rm -f as there may be a permissions issue.



Select file -> add local 
repository then in the 
popup window choose 
the repository and hit the 
add button.



Fetch origin will download latest 
updates to the repository from the 
remote repository on GitHub



The history shows all the commits. On the highlighted commit we see various actions:

[.] this is a change to a file [-] this is a removal of file [+] this is addition of file



In visual studio code we can select file -> open folder -> then chose 
the project.



Here we see the 
contents of the 
folder and we can 
click on it to open 
a file in the editor 
pane.



Now we can make changes to files in this 
new branch. For example we can open a 
nano editor for file README.md

We can see the newly created 
branch with a git branch
command.

ls command shows a list of 
directories and files in the 
working directory.

The newly created branch can be 
checked out with git checkout 
<branch name> command.

git branch <branch name> 
command can be used to create 
a new branch.

The line #### Hello world in every 
programming language has been altered 
to #### Hello world in all programming 
languages 

Also changed is the line: Make sure to see 
CONTRIBUTING.md file for instructions on 
contributing to this project.

Control X and y to exit and save changes.



Lets change another file but this time in visual studio 
editor.

In the h folder we open a file called HEX.hex.

We change the part that says “Hello, World!” to “This 
is Program in HEX language”



We save the HEX.hex file with control S.

The HEX.hex file has a M marker 

And we see that there are two files showing as 
modified. 

Also scrolling down to the bottom the README.md 
file is also marked as Modified.



We can also delete a file.

For example in the p folder we can 
find a file called parse and right click 
on it selecting delete.



This symbol shows all changes made 
in the working directory of the new 
branch “new-feature”

If we click on it we see the two 
modified files and one deleted file.



This symbol shows 
all changes made in 
the working 
directory for new 
branch.

If we click on it we 
see the two 
modified files and 
one deleted file.

If we click on one of the files it will open in a split  
window showing the original version plus the 
modified version.

Note the minus next to the line that was removed 
and a plus next to the line that was added.



Clicking on the 
README.md file 
shows the changes.



The parser.p file has been deleted in tow working 
directory so clicking on it will show that it has been 
flagged for removal.



git status command shows the 
three files that have been 
changed in the working 
directory.



The history tab of git hub desktop shows the last 
commit changes to be made to the local clone of the 
repository.



The changes tab shows pending changes 
that have not yet been committed to the 
local clone of the repository.



We can commit the changes to 
“new feature” branch with a git 
commit –m “comment” 
command.

If we list the contents of the 
staging area with a git ls-files –s 
command we see in the list the 
two modified files.

git add . Command will add all 
changed files to the staging 
area.

git status shows the files ready 
to be committed to branch 
“new –feature”

The output of this command 
shows that 3 files have ben 
changed, 3 insertions (this is 3 
insertions of lines of text/code)
And 7 deletions (7 lines of 
text/code removed). As well as 
delete mode for parser.p file.



git status shows that there are 
no differenced between 
working area, staged area and 
repository.

git log command shows last 
commit with its sha1 hash and 
commit comment.

Because our local repository is 
connected to a remote 
repository in git-hub the last 
commit is from the remote 
repository.

Note on the penultimate commit it says origin/master. The origin 
refers to the remote repository. Similarly origin/HEAD refers to 
remote repository. This last commit is on master branch.



In git hub desktop 
we can se the last 
change to the 
local repository 
was performed by 
me. The details of 
the last change 
were to 
modifications and 
one delete

These changes were made 
on the new-feature branch.



Next we are 
modifying the 
list_lang.py file.

The word currently 
was removed at line 
16.

2 line space was added at lines 6 and 7

A comment was added at line 28

Control s to save the file



git status command will add all 
changed files to the staging 
area.

git diff command shows any 
differences between working 
area, staged area and 
repository.

Note how git has creates a sha1 
hash d4aa133 for a/list-
langs.py and sha1 ee48aa1
hash for a/list-langs.py.

What do these mean?
See slide 124 and 125.



If we look at the contents of the 
first file in the git diff command 
output using the hash we can 
see that it is the original 
unmodified file.

If we try to look at the contents 
of the modified file using the 
hash from the git diff command 
we get a fatal error: Not a valid 
object name.

The reason for this is that we 
have not staged the file with a 
git add or committed it to the 
repository.

What git is showing us is a 
provisional sha1 hash pending 
adding and committing.



On the changes 
tab we can click 
on the changed 
file.

Git is clever and it does not 
show us the whole file, only 
what has been changed. 
Here two blank lines were 
added.

Here the word 
currently was 
removed.

Here an additional 
comment was added.



-3 represents line on old file, 6 represents line in new file.

+3 represents start line of the addition from old file, 8 
represents up to what line has been added in the new file.

- Signifies old file, 
+ signifies new file



However the git commit 
command has the option to 
stage and commit with one line 
of code. We can just add an -a
to the command which signifies 
add. git commit -m <comment> 
-a

So we can now commit these 
changes. However it gives us 
an error because we have not 
staged the changes.

Git diff is now empty because the 
change s have been committed.

We can also now view the file 
because the has changed from 
provisional to committed to the 
repository.

Git does not create new objects 
until you commit your changes.



If we checkout the master 
branch and check the log the 
two commits made under the 
“new feature” branch are not 
shown.



Summary of Shell Commands
git clone Will clone a git repository.

git diff Check differences between repository and working area

git commit -m <comment> -a Combined add and commit command.

cat <filename. Pack> | git unpack-objects Unpack pack file



MERGING BRANCHES



Commit1A

Commit4Commit3Commit2Commit1

TIME

MASTER

Root commit.

feature1

Commit1B

feature2

Here we have three branches, Master Branch. This is the main Branch, also known as master branch or 
release branch.

For example with Branch feature 1 checked out we will see commits 1, 2, 1A, 2A and 3A.

Because feature1 Branch is checked 
out the HEAD only sees commits 
that relate to that branch. 

Merge branches

Different Branches spur off of main Branches to develop new features to the project. HEAD

Commit2A Commit3A

Commit2B Commit3B

But what if we want to incorporate the 
changes made in branch 1 into the main 
project or master Branch?

Fast forward merge or 3-way merge is the 
solution.



Commit1A

Commit3Commit2Commit1

TIME

MASTER

Root commit.

feature1

Here the master Branch is the main Branch with three commits. At this moment in time there is 
another feature1 branch with three commits. Lets say at this moment in time we are happy with the 
changes in feature1 branch and we want to merge these changes into master branch.

Fast forward merge

HEAD

Commit2A Commit3A

First the checkout branch should be the master 
branch so it should have the HEAD pointer and is the 
receiving branch. Notice how there are commits after 
master branch in feature1 branch but no further 
commits in the master branch. In this case fast 
forward merge applies. 

All Git does in this 
case is move the 
HEAD pointer to 
the last commit in 
Feature1 branch.

HEAD

Commit3Commit2Commit1Root commit. Commit4 Commit5 Commit6

MASTER

HEADNow the commits look like this. Feature1 commits were added the master branch. 
Feature1 branch can be deleted if you are completely satisfied with the changes.



Commit 25de26c

Our very first commit 
in the project

Commit fd127e1

Second Commit

Parent:25de26c

MASTER BRANCH

Commit f3f965f

Third Commit

Parent:fd127e1

HEAD

BR-1 BRANCH

Commit 0c43f1

First commit in the 
BR-1 branch

Parent:f3f965f

Root commit.

Tree 3b95df

File1.txt File2.txt

Tree 31b1e96

File1.txt File2.txt File3.txt

Tree 4b825dc

empty

Blob b7aec520

Hello, git

Blob 4400aae

Second file in Git 
repository

Blob 289960f

This is third file in 
our Git repository

Tree 0b7af15

File4.txt

Git has reused 
existing blob 
for file with 
different 
name!

Fast forward merge
Using first-project as an example of fast forward merge we 
currently have the below situation where BR-1 branch has one 
commit that stems from the last commit of the master branch.



If we checkout the master 
branch a ls -l command shows 
no files in the master branch.

If we checkout the BR-1 
branch we can see one file in 
it-

Git log shows our three 
commits to the project. Note 
that in the third commit 
previously we removed all 
files from the master branch.



First we checkout master branch.

git merge <branch name> 
command is used to fast forward 
merge BR-1 branch into master 
branch.
Notice the command output 
“updating f3f965f..8fa0cdb” 
What does this mean?

ls -l command shows that file4 
from branch BR-1 is now in the 
master branch. 

Git log shows the commit hash of 
8fa0cdb “first commit in the BR-1 
branch” as appearing as the HEAD 
and master and BR-1. 

The third commit with hash f3f965f 
was previously the HEAD of the 
master branch. 

“updating f3f965f..8fa0cdb” The 
first hash is the previous head 
before the merge. The second the 
new head after the merge.



Commit 25de26c

Our very first commit 
in the project

Commit fd127e1

Second Commit

Parent:25de26c

MASTER BRANCH

Commit f3f965f

Third Commit
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BR-1 BRANCH
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First commit in the 
BR-1 branch

Parent:f3f965f

Root commit.

Tree 3b95df

File1.txt File2.txt

Tree 31b1e96

File1.txt File2.txt File3.txt

Tree 4b825dc

empty

Blob b7aec520

Hello, git

Blob 4400aae

Second file in Git 
repository

Blob 289960f

This is third file in 
our Git repository

Tree 0b7af15

File4.txt

Git has reused 
existing blob 
for file with 
different 
name!

Fast forward merge
After the merge this is how our project looks now. 
Note that master branch and BR-1 branch both 
point to the commit of BR-1 with the head pointing 
to master branch.



Commit 25de26c

Our very first commit 
in the project

Commit fd127e1

Second Commit

Parent:25de26c

MASTER BRANCH

Commit f3f965f

Third Commit

Parent:fd127e1

HEAD

Commit 0c43f1

First commit in the 
BR-1 branch

Parent:fd127e1

Root commit.

Tree 3b95df

File1.txt File2.txt

Tree 31b1e96

File1.txt File2.txt File3.txt

Tree 4b825dc

empty

Blob b7aec520

Hello, git

Blob 4400aae

Second file in Git 
repository

Blob 289960f

This is third file in 
our Git repository

Tree 0b7af15

File4.txt

git branch -d <branch name> 
command can be used to delete 
BR-1 branch so only the master 
branch remains.

Now our project looks like this:



The branch we want to merge to must be checked out, in this case the 
master branch.

Three-Way merge

Commit4Commit3Commit2Commit1
Root 

commit.

Commit1A

feature1

Commit2A Commit3A

Commit5

Here the master Branch is the main Branch with five commits. At this moment in time there is another 
feature1 branch with three commits starting from commit 3 of the master branch. Lets say at this 
moment in time we are happy with the changes in feature1 branch and we want to merge these 
changes into master branch. We cannot use a fast forward merge because there are commits in the 
master branch after the divergence of feature1 branch.

MASTER

HEAD
Commit 3 is common for master branch and feature 1 branch and is 
called ancestor. Of course commit 2 and commit 1 are also ancestors but 
git will try to find nearest commit to both branches. This is the ancestor.

Ancestor

Commit6

Git will take three commits, Commit 
4, Commit 5 and Commit 3A to make 
a new commit (commit 6) that will 
merge changes in feature 1 to master 
branch. Head and master will move 
to the new commit.

HEAD

MASTER

New commit will also have a parent of 
the last commit in feature 1 branch

This merged commit is created 
automatically.

Merged commit

TIME



At the moment there is only one 
branch, the master branch. 

We will create a new branch, BR-
2 with the command git checkout 
–b <branch name>

In branch BR-2 there is only one 
file.

We can open the project in visual studio 
code with file->open folder->first-project 
where we see only one file.



This icon here can be used to create a 
new folder within the project.

This icon will create a new file. In this case we name it file5.txt

WE add some content to file5.txt “It is a new file in the new-
files folder” and save it.



We create another file in new-files 
folder and save it.

We create another file in the root 
directory and save it.



Clicking on the changes icon shows the three 
new files that are all currently untracked.

In this box we can type a commit comment “3 new files 
were created in the BR-2 Branch”

Clicking on the tick will perform the commit action.



git status shows no pending 
commits or unsynchronised files 
between working directory or 
staged area or repository because 
we have just committed them via 
visual studio code.

Visual studio will ask if you want to stage the changes as well as 
commit them when you commit from visual studio for the first time.

git log shows the new commit 
with the head pointing to BR-2 
branch.

The penultimate commit shows in 
the master branch.



Now we change file5.txt by adding a new line and saving it.

Git status show file5.tx is pending 
to be staged and committed.

We can use 1 line command to 
stage and commit this file.
git commit –a –m <comment>

The output shows one file 
changed, 3 insertions and one 
deletion. File5.txt has three lines. 
The one deletion refers to line 
one which was overwritten.



In git hub desktop in the history the ultimate commit 
shows details about file5.txt.

Note that the first line was deleted (-) and three lines 
were added (+). 

The reason 3 lines were added and one line was deleted 
is that the first line is different because now it has a 
return after it whereas before it was just a single line.



Now if we checkout the master 
branch and check the log we see 
that the commits withing BR-2 
are not in this branch.

The master branch contains the 
last commit made from within 
master branch.

Note that checking out a branch in git will 
automatically update the working area and the 
staging area.

This is reflected in visual studio code because now 
we only see the contents in the working directory 
of the master branch.



In visual studio code we can change branches 
by clicking on this icon in the bottom left 
corner of the window. 

A popup will allow us to switch between 
branches.



We now add a new file in the master branch 
working area called file 8 and save it. Note that the 
file is flagged as uncommitted and there is 1 
change pending.

In git hub desktop in the master branch we see 
only 4 commits.



In the changes tab of git hub desktop we see that 
file 8 is ready to be added (staged) and committed 
to the repository.

We can do this from git hub desktop. The commit 
button by default gives us the commit message 
“Create file8.txt”. 

Clicking the commit button will commit this change 
with the default message as user Elliott Farmer 
with email myemail@provider.com



When the change is 
commit git hub 
desktop gives us the 
option of publishing 
the project to GitHub 
remote repository.

We will cover git hub 
remote repositories in 
another chapter.



This commit is present in the master branch only.



In branch BR-2 we only see the commits of files 5, 6, 
and 7. These commits are not present in master 
branch.



We can merge branches directly from git hub desktop.

First we need to be in master branch because this is 
the receiving branch.

Then we click on the branch section at the top to 
expose the dropdown.

At the bottom is a button for merging branches.



From the popup we can select the branch we want to 
merge into master branch. It tells us that there are 
two commits from BR-2 into master.

But lets do it from command line to see results of operation.



git merge <branch name> -m 
<comment> command is used 
to merge BR-2 into master 
branch.

The output of this command 
tells us that ‘ort’ strategy was 
used.
It lists the three files that were 
changed with the number of 
lines that were added. This 
makes five lines in total or five 
insertions.

In the master branch we can 
see that files and new-files 
folder were added after 
performing the merge.

In git log we see the merge 
action commit ec4520f9 to 
master branch.

And the last commit action in 
branch BR-2



git cat-file –p <commit hash> 
of the merge hash shows that 
the merge hash contains two 
parents, and a tree.

Checking the contents of the 
tree we see three blobs for the 
tree files and a tree for the 
new-files folder.

git cat-file –p <commit> of the 
first parent shows that this is 
for the creation of file8.txt.

git cat-file –p <commit> of the 
second parent shows that this 
is for the change of file4.txt



Commit4Commit3Commit2Commit1
Root 

commit.

Commit1A

BR-2

Commit2A Commit3A

Commit5

MASTER

HEAD

Ancestor

Commit6

Merge commit

As a diagram, commit 6 is the merge commit which has two parents, one pointing to the last 
commit in the master branch and one pointing to the last commit in the BR-2 branch.

TIME



Git hub desktop history shows the last merge of BR-2 
into master branch.

This is the last commit in master branch before the 
merge.

These commits were performed in branch BR-2 but 
are now visible in master branch after the merge.



git branch –d <branch name> 
Command can be used to 
delete BR-2 branch. Notice that 
it does not give any warning 
message because we have 
already merged the contents of 
BR-2 into the master branch. 
Nor does it create a new 
commit action. The last commit 
is still ec4520f9

git log Command shows no new 
commit actions for this delete. 
However notice that the 
commit action that was 
labelled BR-2->Master has lost 
its label of BR-2-> master.

However the merge commit 
retains two parents even after 
deleting the BR-2 branch.

This is because these commits 
made under BR-2 are still in the 
repository.



Git hub repository has some limitations when viewing commits because it does not show from what 
tree commits were merged. This is why we are going to install another free graphical user interface 
from www.sourcetreeapp.com

http://www.sourcetreeapp.com/


When we install SourceTree it requires us to have a bitbucket account. Bit bucket is another remote 
repository like git hub.



Once the registration and installation of SourceTree is complete we can drag and drop our first-
project into the local repository tab.



If we double click on the project it opens in source tree and 
we can see a complete history of the project including all the 
branches. This is a much better interface than git hub desktop.



In the top pane we have a history of the commits with description, date, author 
and commit SHA1

This pane shows the 
contents of the commit 
file like a git cat-file –p 
<commit> command

This pane shows the list 
if files like a ls command

This pane shows contents of the 
selected file like a cat-file –p 
command.

In this pane 
we see all 
branches 
which right 
now is only 
the master 
branch.



If we change file8.txt and save it, then go back to SourceTree



We see immediately in SourceTree that file8.txt has been changed and what 
changes have been made.



From these 3 dots we can stage 
file.

Down here we can commit these changes. Note that the file must be staged first.

Modified file8.txt



The commit shows up in the branch diagram history section

From this button a dropdown 
for new branches appears

From this button merges 
can be performed



This will create a detached head 
state at that particular commit.

SourceTree has one more feature. If I double click on any commit then a dialogue window pops 
up. This is to confirm a checkout action to checkout the repository at that particular commit.



Now we see the head pointer is on that commit but the master remains at the last commit 
(detached HEAD).



In terminal view we can see 
we are in detached head 
state and that files in 
working directory are those 
up to that commit.

Double clicking on the last commit will return the HEAD to this commit



Merge Conflicts

Commit4Commit3Commit2Commit1
Root 

commit.

Commit1A

feature1

Commit2A Commit3A

Commit5

MASTER

HEAD

Ancestor

TIME

Merge conflicts can occur when the same file has different edits in two or more branches. As a 
result merge conflicts cannot occur in fast forward commit because there are no other commits 
after the divergence into the new branch. However, merge conflicts can occur when there are 
commits after ancestor, i.e. a three-way merge.



Current situation:

There is only one branch, 
master branch.
We have created a new 
branch called BR-3.
We have checked out BR-3.
It contains several files and 
a folder.

File5-txt has been modified in BR-3 which is 
currently checked out, i.e. in the working area.



File7-txt has been modified in BR-3 which is 
currently checked out, i.e. in the working area.

We can commit these changes directly 
from Visual studio code by clicking on 
the changes icon then the tick.

Visual studio code asks if we would like 
to stage and commit these changes



The commit in branch BR-3 shows in SourceTree.



In visual studio code we can change branch to master.



File5-txt has been modified in master 
branch differently to that in Branch BR-3

File7-txt has been modified in master 
branch differently to that in Branch BR-3

Changes to file5.txt and file7.txt have been 
committed to the master branch.



Git log shows the this 
commit to the master 
branch.

However if we look in the 
BR-3 branch we do not see 
this commit.



We want to merge BR-3 
into master branch so we 
first checkout the receiving 
branch, master branch.

Then we git merge, 
however, it throws a merge 
conflict error because the 
file5.txt and file7.txt are 
different in the two 
branches.

We need to fix the conflicts and commit results.

Git status shows we have 
unmerged branches and it 
lists the conflicting files.

We can also abort a merge 
with git merge –abort.



In visual studio 
code the conflicts 
are marked in the 
files. Visual studio code automatically lets us resolve the 

conflicts with options such as accept current change, 
Accept incoming change or Accept both.

We can even erase all the contents and write our own 
correction.

Note: ALT + Z will apply word wrap to lines that overflow 
the screen.



Git hub desktop shows merge conflict changes as a pop up window

We can open the 
conflicting files in 
visual studio 
code.

Or abort the merge



In SourceTree we see the same conflict 
and information as visual studio code



There are three versions of 
each of the two conflicting 
files and they are 
numbered 1, 2 and 3.

If we look at the staging 
area with a git ls-files -s 
command we see 
something strange.

We can look in each of 
these files with a git cat-
file -p <Sha1> command

The file labelled as 1 is the common version, i.e. the ancestor version that is common in both 
branches. The file labelled as 2 is the version from the master branch. The file labelled as 3 is the 
version that has been modified in the BR-3 Branch.

If we check the 
conflicting file in the 
working directory we get 
the same output 
highlighting the conflicts 
as in visual studio code.



Cat file7.txt shows us the 
conflicts in this file in the 
working directory.
We need to manually 
resolve them. Option is to 
use nano editor.

We need to decide which 
line to keep. In this 
example we will keep the 
top line, the version from 
the master branch.



With the cursor at the 
beginning of the line we 
want to remove control + K 
will cut that line. I have 
repeated it for all the other 
undesired lines. 

Control s and Y to save and 
exit nano editor.

Cat file7.txt shows no 
conflicts now in the 
working directory.



Conflict resolved



Git status still shows both 
files as conflicting but if we 
add the recently corrected 
file7.txt then it shows as 
modified in git status.

Now in the staging area we 
do not see three versions 
of file7.txt, only the one 
because the conflict has 
been resolved.



In visual studio code we can for this example chose to accept incoming change

Then save the file.

This plus symbol button allows us to stage the file



The top command shows 
the three versions of 
file7.txt in the staging area 
before conflict resolution.

The bottom command 
shows only one version of 
file7.txt in the staging area 
after conflict resolution.

Now we can type git 
commit to merge branches.

Now we see the 
two commits, two 
branches and the 
merge



Summary of Shell Commands
git merge <feature-branch> Will merge feature branch into master branch.

git merge <branch name> -m <comment> Will merge branch into current branch with comment

git merge --abort Abort merging of branches



GIT HUB REMOTE 
REPOSITORIES



These reside locally on computer.

This is a remote repository for 
sharing the repository for 
collaboration. There are various 
settings such as public or private.

This is also like a backup of local 
repository and can be cloned in case 
of loss or corruption of local 
repository.

Various settings such as private or 
public or specified users



At https://www.github.com create an account by following the onscreen prompts. Once done 
landing page should look something like this.

https://www.github.com/


In git hub the master branch has now been renamed to main branch.

The reason for this is after the black lives protests, terms such as master, slave, blacklist, whitelist 
were removed from the vernacular of the tool.

This may cause some issues with integrating project from local repository to remote repository.

For more information see: https://www.youtube.com/watch?v=hZznWbEGv1U



Convention is when naming a repository that it contains lowercase 
letters with hyphens between words.

Equally valid would be MyFirstGitHubRepository
Spaces in repository names are not permitted.

Public means that anyone can download and view the repository.

Private means that only I can see it and people who I grant permission to.

README file is advised for a repository and allows cloning 
to local machine

gitignore – covered in future lesson

License – this is regarding usage rights and reproduction of 
the contents of a repository and is recommended for 
public repositories

CREATE REPOSITORY button at bottom of screen



Once created the URL shows a permanent link to this repository. This link can be used for sharing 
with anybody in the world.

The repository only has one commit. We 
can click on this to see more information

This page 
shows the 
working 
directory of 
the 
repository. 
At the 
moment it 
only has 
the one 
README 
file and one 
commit.

This panel shows contents of README.md 
file and can be clicked on the be edited.



Clicking on the commit the URL changes. Here we see that it is in the commit/main

SHA1
Author & Date

Verified
<> Button shows 
commit history



Line of text added.

Default commit comment

Or manually add commit text



Now we have two commits

Note that these commits are 
direct to remote repository.

Detailed commit information



I have added a new file called hello-github.txt and committed 
it to the repository using default commit comment.



Clicking this button will allow us to create another branch. When we click on create branch…. 
It automatically checks out this branch.



The branches button shows us this window where we can see an overview of branches, all 
branches created by me, Active branches which contain contributions by other users, Stale 
branches which have not been worked on for a long time and all branches.



We can create a new file in the feature-1 branch. If we add a slash after the fille name the 
GitHub will make it a folder and after that we can enter the filename.

At the bottom of the page 
we can commit this with 
custom comment. Note 
how it says commit 
directly to feature-1 
branch.



In feature-1 branch we can see the new folder that was created with the commit comment. 
Note the yellow box notifying us of differences between branches.



WE can find the URL of this repository under the green code button and copy it.



We can check the contents 
of our folder of git 
repositories.

With the URL of the 
repository we can clone it 
the our local machine with 
git clone command.

And now we see it in the 
directory of our local 
machine.

In that directory we 
see the contents of 
the repository.

Note how we see 
hidden folder .git and 
that the prompt says 
(main) so we know 
that the directory is 
under git control.



Working Area Staging Area 
(index)

Git Repository

Working Area Staging Area 
(index)

Git Repository

Remote 
Repository

Local 
Repository

Remote repository and local repository have similar structure. 
Does Local repository automatically update to remote repository - no we need to push. 
Does remote repository automatically update to local repository – no we have to pull.



GIT PUSH, PULL AND 
FETCH



Fetch Updates

Working Area Staging Area 
(index)

Git Repository

Local Repository

Git Repository

Remote Repository

Merge changes from remote repository

Jump into certain “version” of project.

Push to Remote

Stage

Commit

git commit

git add

Git push

git checkout

git fetch

git pull

Stage & Commit

git commit –a –m <comment>



What is Origin?

Working Area Staging Area 
(index)

Git Repository

Working Area Staging Area 
(index)

Git Repository

Remote 
Repository

Local 
Repository

When you clone remote repository to local repository git automatically creates a binding between 
remote and local repositories. The default name of Remote repository is Origin. A local repository 
can be connected to multiple remote repositories.

Origin



git remote command 
shows a remote 
repository of origin. 

git remote -v 
command shows the 
remote repository 
URL.

First-project 
repository does 
not have a remote 
repository. 

hello-world 
repository has a 
remote repository.



In my-first-git-hub-
repository, locally we 
only have one branch, 
main. 

In remote repository there is a main branch and a feature-1 branch.



git branch command 
only shows local 
repository branches. 

git branch -a
command shows all 
branches.  Notice how 
the remote 
repositories are in red 
with the first line 
showing which branch 
is the HEAD.

git branch -r
command shows only 
remote repositories.



What is Tracking Branch?
Tracking branch is local repository branch that is linked to a remote repository branch. By default 
git creates tracking branch in remote repository which is always main branch.

Remote Repository

Local Repository Main

Main

Release

Release BR-1

temp

BR-2

BR-2

We can see the tracking branch in git hub because it is labelled as default. We can change the 
tracking branch.

Default = Tracking branch

When remote repository is cloned Git will automatically checkout the default branch to the remote 
repository. By checking out remote repository any additional branches not present in local 
repository will also be cloned and track their corresponding branch in the remote repository.



git branch -vv
command shows 
which branches are 
tracked in the local 
repository.

At the moment only main branch is a tracking branch because it has label origin/main. It indicates 
SHA1 hash of the last commit it received from the remote repository as well as the commit comment. 

git branch -a
command shows all 
local branches in the 
repositories.

git checkout <branch> 
command or the 
feature-1 branch in 
the remote repository 
will check it out to the 
local repository.

git branch -a shows 
that feature-1 branch is 
now the head branch in 
local repository.

Git branch -vv shows that there are now two tracking branches.



git branch -vv command 
shows which branches 
are tracked in the local 
repository.

Git will not allow us to 
delete feature-1 branch 
in local repository 
because it is the head 
branch.

Lets make the main 
branch the head branch.

NOTE: normal behaviour 
of git does not allow us 
to delete unmerged 
branches (not merged to 
head) because we would 
loose files.

However, because feature-
1 branch is tracked in the 
remote repository we can 
now delete in the local 
repository an unmerged 
branch. 

Feature-1 branch checked 
out from remote repository.



git remote show origin 
Command gives much 
more detail about the 
remote repository 
connections.

Fetch and push URLs

Head branch

Remote branches and 
tracked status

Local branches 
configured for pull

Local refs configured for 
push

Because both the main and feature-1 branches are tracked we can perform push and pull 
between remote and local repositories.



I have created a new branch in the remote repository called temp.



The newly create temp branch does 
not show in remote repository 
despite being created there.

git fetch command can be used to 
copy temp branch from remote 
repository to local repository.

But this new temp branch is still not 
showing?

Git branch –r now shows the new 
branch which can be checked out. 
Note that by default checking out a 
branch switches the HEAD to this 
branch.

We now see this branch and it is 
tracked.

git remote show origin Shows more 
detail about the three branches in 
the local and remote repositories.



Can we delete temp branch in remote repository? – yes.



git remote show origin 
command shows all 
branches including temp 
but now it is marked as 
stale and advises us to 
prune it.

After pruning the temp 
branch is removed from 
the remote list of 
branches but is still 
present in the local 
repository.

git remote prune to 
remove stale branches



Git branch –vv shows 
that temp is still tracked.

Lets move the HEAD to 
the main branch in the 
local repository.

Now we can delete 
temp branch locally.

git branch –vv now 
shows that temp branch 
is not being tracked 
because it has been 
deleted locally.

More detail of tracked 
branches is shown in git 
remote show origin 
command output.



Fetch Updates

Working Area Staging Area 
(index)

Git Repository

Local Repository

Git Repository

Remote Repository

git fetch

Git merge FETCH_HEAD

Git pull – merges remote branch into current local branch

Git pull is a two step process of git fetch and git merge and in order for it to work we need at least 
one tracking branch. First git will fetch all updates in remote repository and write them into local 
repository. Then git merge is performed locally using fast forward method where possible or if not 
then a three-way merge. Git pull only updates the currently checked out branch.



Git pull
1. Checkout local branch and make sure it is tracking branch and has corresponding remote branch. 
Use git branch -vv.

2. Enter git pull

3. Git will fetch all changes from remote repository – git fetch is executed in the background.

4. After fetching git updates FETCH_HEAD file that contains SHA1 hashes of last commits in remote 
repository for all tracking branches.

5. Git merges remote branch into current local branch git merge FETCH_HEAD.

Commit4Commit3Commit2Commit1
Root 

commit.

Commit1A

Origin/feature1

Commit2A Commit3A

Commit5

Feature-1

HEAD

Ancestor Origin/HEAD

Receiving branch



git branch -a Shows all 
branches in local and 
remote repositories.

git branch -vv Shows 
that both branches in 
the local repository are 
tracked in the remote 
repository.

git fetch -v performs a 
git fetch with verbose 
output. We see that 
both branches are up to 
date.

git pull –v is a verbose 
output. Note how the 
output is the same as a 
git fetch. This is because 
a git pull performs a git 
fetch then a merge.



git pull –v performed on 
the main branch also 
gives us the fetch + 
merge output results.

The contents of the 
hidden git directory now 
has a FETCH_HEAD file.

The FETCH_HEAD file 
contains a SHA1 hash for 
each branch. It lists the 
URL of the remote 
repository for that 
branch. Note how the 
HEAD branch is listed 
first in this table.



Now we checkout the 
feature-1 branch and 
perform a fetch.

Notice now that in 
the FETCH_HEAD file 
the feature-1 branch 
is now at the top of 
the table.

The not for merge tag is 
set on non HEAD 
branches so that the 
merge is performed only 
on the first branch in the 
GIT_HEAD file without 
this tag.

Note if we check the file 
we see that the 
committer is GitHub 
because it was 
performed by the 
remote repository.



Note in the GitHub remote repository in the list of commits that the last commit with comment 
“file-list.txt was created in the feature-1 branch” with a SHA1 of 7422106.

This is the same SHA1 as the feature-1 branch in the FETCH_HEAD file.

Git fetch simply compares SHA1 hashes in local FETCH_HEAD file to last commit if that branch in 
the remote repository to determine if the repository is up to date. 



Lets create another file in the remote repository under the feature-1 branch and commit it.

The file is created in the feature folder



In the commits section of feature-1 branch we 
see the last commit with SHA1 hash of 3220afa



Now we perform a pull 
to feature-1 branch

Note how first it uploads 
in compressed format 
the feature-1 local 
repository changes so it 
can compare it with 
those in the remote 
repository. It this 
example it detects 4 files 
but that none of these 
files are missing from 
remote repository (delta 
0)

It now performs the fetch noting that main branch was up to date but 
that feature-1 branch there were changes. Note how it was pointing to 
commit 7422106 but now points to 3220afa. This is the last commit we 
made in the remote repository feature-1 branch.

After this step it then updates in the local repository the files up to the last commit in the remote 
repository and gives us an output of 1 file changed with one insertion (1 line added). It creates the 
missing file of feature/aonther-file.txt.

In this case there were no new files in the local feature-branch before changes were made in the 
feature-1 branch of the remote repository so it was able to perform a fast forward merge.



We can list the files in 
the local repository and 
see another-file.txt.

If we check the local 
repository staging area 
we also see another-
file.txt.

Git log shows the latest 
commit SHA1 with 
HEAD->feature-1 and 
origin/feature-1.



CommitCommitCommit
Root 

commit.

Commit

Origin/feature1

Commit

Feature-1

HEAD

Origin/HEAD

Feature-1

HEAD

After git pull operation git has seen that there are no more commits in feature 1 branch of local 
repository so it can perform a fast forward merge. In fast forward merge git simply moves pointer 
of local feature-2 branch to remote repository feature-1 branch.



In the feature-1 branch of the local working area another-
file.txt was modified.

We can commit this change directly to the local repository.

Note that after committing the changes this arrow appears indicating that there 
are changes to push to the remote repository.



Lets create another file in the remote repository in folder called feature of the feature-1 branch 
and commit it.

The file is created in the feature folder



Here we see the SHA1 of this latest commit in the remote 
repository. Of course there is no such file in the local repository.

We can see in the local 
repository the ultimate 
commit for the last file 
added to feature-1 
branch. Note how it only 
points to local 
repository.

Notice the previous 
commit points to 
origin/feature-1 which is 
the remote repository.



Now we can perform 
the fetch and see that 
the feature-1 branch 
SHA1 has changed 
from 3220afa to 
fa84e35. This 
corresponds to the 
penultimate commit in 
the feature-1 branch 
and the ultimate 
commit in the remote 
repository.

In the local repository 
we can see another-
file.txt has been 
added. But what 
about the staging 
area? 

We can see four new 
files. 

Last commit from the 
remote repository. It is 
not merged into local 
branch but exists in the 
staging area



If we look in the 
contents of the b0 
directory to find the 
hash we can check 
that file and see it is a 
tree. This tree points 
to the files fetched 
from the remote 
repository.

The other newly 
created file in the 
staging area is a blob 
with contents of the 
new file create in the 
remote repository.

In directory 66 we find 
another tree. This tree 
pertains to the new 
file created in the local 
repository.



In the FETCH_HEAD 
file we see that the 
feture-1 branch has 
the SHA1 of the last 
commit in the remote 
repository.

But the last SHA1 in 
the git log is the last 
one from the local 
directory because we 
have not merged.

git merge 
FETCH_HEAD will 
merge feature-1 
branch of the remote 
and local repositories.

Now the working 
directory contains the 
new file from the 
remote repository and 
the new file from the 
local directory.



CommitCommitCommit

Root 
commit.

Commit

Origin/feature1

Origin/HEAD

Feature-1

HEAD

Commit Commit

CommitCommit Commit

Receiving branch

In the log we see a 
new commit for the 
merge pointing to the 
feature-1 branch-> 
HEAD. 

Notice how it has two 
parents of d0de7ad 
and fa84e35.

The next commit down from the origin/feature-1 has a different SHA1 hash. This is 
because the merge has added another-file.txt from the remote repository. However 
the remote repository is missing modified another-file.txt from the local repository. 
WE will have to push to add this to the remote repository.



One more edit at GitHub.

README.md file was modified in the 
feature-1 branch in remote repository 
and changes committed.



With a nano 
README.md 
command from the 
feature-1 branch we 
can modify this file 
differently to that of 
the remote repository.

CONTROL + X and Yes 
to save.



Git status shows the 
README.md file 
pending to be staged 
and committed.

We have modified the 
same file with 
different text in both 
the remote and local 
repository. What will 
happen if we try and 
do a pull from remote 
repository? – a 
conflict.

We can do this with a 
combined add and 
commit command git 
commit -a -m 
<comment>

Git log now shows this 
last commit to the 
featue-1 branch of 
local repository.



Local branch is receiving branch and remote branch is incoming branch.

In the staging area of the 
local repository we have 
3 versions of the 
README.md file.
1 is common file for both 
branches before 
attempted merge.
2 is changed file in 
receiving branch. 
3 is changed file of 
incoming branch.



Git status shows the 
modified file pending 
to be staged and 
committed.

Note that there are still 
3 versions of the file 
until the conflict 
resolution is 
committed.

After staging and 
committing the file the 
git log shows a new 
commit with two 
parents, one for the 
remote repository and 
one for the local 
repository.



Now we have performed git pull several times so the local repository is up to date with the 
remote repository.
However there are changes in the local repository which are absent in the remote repository.
We can solve this with git push. Note that we need to have write access to the remote repository.
GitHub desktop is showing 4 local commits waiting to be pushed to the remote repository and 
visual studio code shows pending pushes in the bottom bar.



git push -v will push 
changes from the local 
repository to the 
remote repository.

Note how pointer has 
updated from SHA1 of 
903aee1 to 9f1d8db

Git log shows this SHA1 
as having two parents, 
one in the remote and 
one in the local.

Also the 
refs/remotes/origin/fea
ture-1 file has been 
updated with local 
tracking reference.

GitHub allows multiple users to update to remote repository so that multiple users can contribute 
to a project. The first time a user tries to push to a remote repository GitHub will ask for 
credentials.



PAT TOKEN

EL_ELL



This button can be used 
to sync any changes 
between local and 
remote repositories.



git pull -v and
git push -v show that 
remote and local 
repositories are 
synchronised. 

If we look at the 
contents of the tracking 
file 
refs/remotes/origin/fe
ature-1 we se the same 
SHA1.



git branch shows the 
local branches of main 
and feature-1.

git branch –a shows the 
local branches of main 
and feature-1 plus the 
remote branches of main 
and feature-1

git branch –vv shows 
that both branches in the 
local repository are 
tracked in the remote 
repository.

git checkout –b feature-2 
command is used to 
create new branch in the 
local repository.

git branch –r shows that 
the locally created new 
branch is not 
automatically created in 
the remote repository.

We have to manually create the new branch in the remote repository.



Another file is modified in feature-2 branch

Clicking on changes we can now commit this to the local repository



git branch –a shows 
the local branches of 
main, feature-1 and 
feature-2. However in 
the local repository 
there is only main and 
feature-1 branches.

If we try a normal git 
push then it fails 
because feature-2 
branch has no 
upstream branch in the 
remote repository.

Git push -v –u origin 
feature-2 command 
can be used to specify 
the upstream path of 
feature-2 which will 
create it in the remote 
repository.

We can see in the command output that new branch of feature-2 has been pushed to remote 
repository and that local tracking refs/remotes/origin/feature-2 has been updated.



git branch –vv now 
shows that feature-2 
branch is tracked with 
it’s corresponding 
branch in the remote 
repository.

Now when we push 
changes we can just 
use git push 
command as all 
branches are tracked.

Another file is modified in feature-2 branchAnd committed



git log shows the latest 
commit pointing to 
head -> feature-2 in 
both local and remote 
repositories.

Git push –v –u origin <remote branch name>

upstream

Remote repository name

Once again the command to push 
a new branch to upstream remote 
repository is:



Update tracking statuses
1. Create new branch temp in the remote repository

2. Checkout this new branch locally using git checkout temp. Local tracking branch will be created.

3. Delete temp branch in the remote repository.

4. Use git fetch. After fetching we will observe tracking statuses git branch -vv and see that local 
temp branch still tracks remote temp branch. 

5. Update tracking statuses using git update origin --prune.

5. Observe tracking again statuses git branch -vv 

New temp branch is created in remote repository.



git branch –a shows the 
local branches of main, 
feature-1 and feature-2 
but not the temp branch 
created in remote 
repository.

git fetch will add the 
branch to the remote 
repository.

git fetch only writes 
changes to remote 
repository so the temp 
branch will still not show 
up in the branch list.

git checkout <branch 
name> command has to 
be used add it to the 
staging area and 
working area of the local 
repository.

git branch –a now 
shows the new temp 
branch



The trash can icon can be used to delete temp branch

git branch –a still shows 
the temp branch in the 
local repository even 
after deletion in the 
remote repository.

git branch –vv still
shows the temp branch 
is tracked from the local 
repository.



git fetch –v updates from 
the remote repository to 
the local repository. Note 
how all the branches are 
updated minus the 
deleted temp branch.

git branch –vv shows 
that temp is still being 
tracked.

git remote update origin
command does not 
remove temp from the 
local repository.

git remote update origin
command needs to 
include --prune to 
remove temp.

git branch -vv now 
shows that temp branch 
has been flagged as 
“gone” from local 
repository.



Note that in GitHub desktop it 
now gives us the option to 
publish temp branch to the 
remote repository. This is 
because temp branch is not 
deleted in the local repository, 
only the tracking status has 
been updated to remove it 
(prune) from tracking.

Now we can jump 
into the main branch 
and delete temp 
branch.
Now it is completely 
removed from local 
repository.



Remove remote branch from local terminal
1. Create new branch temp in the remote repository

2. Push this branch to remote repository using git push –u origin temp

3. Delete remote branch temp using git push origin –d temp



We can create new 
branch temp in local 
repository with git 
checkout –b temp

git branch –a shows 
temp branch in local 
repository but not 
remote repository.

git push –u origin 
temp will push this 
new branch into the 
remote repository

And in git branch -vv 
we see that temp is 
tracked in the remote 
repository.



Temp branch is now in the remote repository.

Note how GitHub shows the differences between the branches. For example feature-2 is 10 
commits ahead of the main branch, feature-1 is 8 commits ahead of the main branch. 



We can delete the 
temp branch in the 
remote repository 
with a push command.

The temp branch is 
now only present in 
the local repository.

Jump to main branch

And temp can be 
deleted from local 
repository.



git show-refs 
command will show all 
refs files for local and 
remote (origin) 
repositories.

ls .git/refs/heads
Will show refs files for 
local repository only.

ls 
.git/refs/remotes/orig
in
Will show refs files for 
remote repository 
only.

Or we can compare for 
each branch with a git 
show-ref >branch 
name> command. We 
can quickly see that 
the SHA1 hashes are 
the same for local and 
remote so that branch 
is synchronised.



Jump to feature-2 
branch

Now we edit another-file.txt 
and save it then commit it 
to the local repository.

Before the changes 
these files have the 
same SHA1

After the commit the 
SHA1s are different 
proving that local and 
remote are not 
synchronised in feature-
2 branch.



Summary of Shell Commands
git remote Check name of remote repository

git remote -v Show URL of remote repository

git branch -a Shows local and remote repository branches

git branch -r Shows remote repository branches

git branch -vv Shows what branches are tracked between local and remote 
repositories

git fetch or git fetch -v Is used to fetch branches from remote repository to local 
repository. –v gives verbose output.

git checkout <branch name> Will checkout a branch from local repository to working area or 
if the branch is not in local repository but in remote repository it 
will checkout from remote repository to local working area.

Git remote prune origin Will prune stale branches from the remote repository.

git pull or git pull -v Performs a pull –v options gives a verbose output.

git remote show origin Show detail of tracked branches

git push or git push -v Performs a push –v options gives a verbose output.

git push -v -u origin feature-2 Push update to remote repository creating new upstream branch.

git remote update origin --prune Prune tracking of branches in local repository.



GIT PULL REQUESTS



CommitCommitCommit

Commit

feature1

Master

Commit Commit

CommitCommit

Collaboration Between Contributors

Commit

feature2

Commit Commit

Developer - bob

Developer - Jane

TIME

Multiple collaborators can work on the project simultaneously in different branches, and once 
complete with their part of the project can merge their branch into the master branch.

Their should be tools 
to allow bob the 
review changes made 
by Jane and provide 
feedback, corrections 
etc.



Pull Request
Pull request is a proposal of potential changes. Changes made by a collaborator may or may not 
be applied to the main or release branch.

Working Area Staging Area 
(index)

Git Repository

Working Area Staging Area 
(index)

Git Repository

Remote 
Repository

Local 
Repository

PULL
PUSH

Previously we have discovered how git pull and git push will move files from and to the remote 
repository to the working directory of the local repository.



Remote

LocalLocal

Developer - bob Developer - Jane

Local

Developer - John

Hello, I have finalised development of the 
new feature. Could you please pull
remote changes and have a look at it.

Sure let me 
pull it and 
have a look.

Why “Pull” Request?

(Email, WhatsApp, 
messenger or other 
communication tool.)

A better name for pull request would be merge request because when a developer is working 
an a new feature in a separate branch he may not be able to merge these changes into the 
remote repository because in GitHub you can set a block on merges until changes of a 
developer have been approved by one or more other developers. There are multiple rights 
options that can be set to control merging of branches.



CommitCommitCommit

Master

CommitCommit

Collaboration Between Contributors

Commit

feature1

Commit Commit

Developer - bob

Developer - Jane

TIME

Jane is owner of public repository which many developers are contributing to. Any collaborators 
that want to contribute to this repository create a clone of Jane’s repository and make their 
own changes. The collaborators do not have rights to write to Jan’s repository, however Jane 
has the ability to merge changes from other collaborators. I.e. pull them into her repository.

Bob does not have write 
access to Janes repository.

CommitCommitCommit

Master

CommitCommit

Forked repository

Propose 
Changes



Pull Request Step by Step
TIME

Creates new local branch

Commits changes to feature-1 locally

feature1

commit

Bob is happy with changes and 
feature works as expected.

Pushes changes to remote by 
creating remote feature1 branch feature1

Creates pull request to start review 
process by other collaborators

Bob asks Jane to review newly 
opened pull request. …

Bob

Jane starts review of Bob’s pull 
request

Optionally pulls updates and checks 
out feature-1 branch locally to verify 
how new feature works

commentsAdd some comments for specific 
blocks of code and asks for changes

Jane

PULL

Bob is notified about the comments 
and requested changes

…

Bob

Bob makes additional changes 
requested by Jane

commit

Pushes changes to remote PUSH

Merges changes from the feature1 
branch to the main or release 
branch.

Closes pull request and deletes 
feature1 branch

Jane

Note Existing pull request is updated 
when new changes are pushed to it.

NEW FEATURE IMPLEMENTED

In large projects several people may have 
merge permissions.

Often main branch is “production” branch and 
“release” is staging” version of the project.



A new repository called pull-requests 
is created in GitHub.com and cloned 
to the local machine.



I have opened the pull-requests folder and created a new branch called feature1

I have created a file in feature1 branch called new-feature.txt and saved it

The new file has been committed to the local repository.

The commit shows in the git log.

To amend author of commits first 
change git global settings using:
git config user.name “username”
git config user-email “email”
Then amend the commit
git commit --amend --author 
“username <email>”



One-more-file.txt was created in the new 
folder called feature1 and saved then 
committed to the local repository.

Another file is committed to the 
local repository.

Then another change is made and 
committed.



Clicking here we can create a pull request



Here it suggests we compare feature1 with main branch

Here it lists the 
commits in the feature1 
branch

Here it lists the 
changes in the files

This means that it can 
merge with no conflicts



It is advisable here to put the name of the branch in square 
brackets. If we view a list of pull requests they will stand out 
or if we use https://atlassian.com/software.jira then the pull 
requests will be correctly imported in to the Jira software

Add a detailed description 
of the changes made here

Create pull request

https://atlassian.com/software.jira


This page lets us review the pull request 
and shows the pull request status as open

Commits 
history of 
this pull 
request

Any checks 
that can be 
performed 
and some 
tools

Files that 
have been 
changed 
and what 
lines of the 
files



Logging into GitHub via a different 
account I can view pull requests for 
the public repository called pull-
requests

Under the files changed tab

I can hover over a particular line of code and 
click on the blue cross to add a comment



I can add a single comment or start a review. 
A single comment is just that, a standalone 
comment at a particular spot.
Start a review is a means to review the pull 
request with multiple comments.
For each option the contributor will receive a 
notification, i.e. one notification for multiple 
comments or one notification for one 
comment. In this case we will add a single 
line of comment.



Here we see the comment 
under conversation tab

Under the files changed 
tab I can review changes.



I can comment or Approve 
changes or request 
changes



I can merge changes. It 
gives me the option of 
deleting branch after the 
merge.



In GitHub desktop 
the main branch 
is checked out.

A new branch 
called feature2 is 
created.



Another folder in feature2 branch was created, called 
feature2, and new file called another-feature.txt

The changes were committed in GitHub desktop



Another change was made and committed and pushed 
via GitHub desktop.



Under file->options we can sign into out GitHub 
account from GitHub desktop.



Now that we are signed 
in to GitHub from the 
desktop we can create 
a pull request.

Note that in github.com pull requests can be merged without approval by 
anyone else. This is the default behaviour.

After merging it gives us the option to delete the feature2 branch



But the branch is still visible in GitHub desktop.



We can manually delete the feature2 branch locally by using the menu option branch->delete.

Note how GitHub desktop still thinks that the feature2 branch is still in the remote repository 
and asks us if we would like to delete it. This is because the local repository has not been 
updated with a fetch origin.



Now feature2 branch can be safely deleted.



In VS code we still see feature2 folder and file. This is 
because it has successfully been merged into main branch.



Under the settings tab we can add collaborators to this repository.



When I add a collaborator they receive an email with a link in it to confirm their participation.



GitHub user MS-JM-ACC has created a new branch, feature3 branch and created a pull request.



The pull request shows up in EL-EL-BCNs account and can be actioned



Under the files changed tab -> review changes, User EL-EL-BCN can review the changes, approve 
them and submit a comment.



User EL-EL-BCN can merge pull request.



User EL-EL-BCN can view all pull requests by clicking on the pull request tab then deleting the 
code in this box.



User EL-EL-BCN can click on feature3 pull request and delete branch because it has been 
successfully merged.



User EL-EL-BCN: feature3 folder created by MS-JM-ACC is now merged into main branch. The 
same changes are reflected in MS-LM-ACC’s GitHub account.



In user MS-JM-ACC : feature3 branch can be restored by going to the pull requests and selecting 
all then choosing feature3.



User MS-JM-ACC: can now make changes 
to the files in feature3 and commit them. 
MS-JM-ACC can then create a new pull 
request from feature3 branch.



By default git allows merging of any new branches from a pull request into the main branch.
We can add branch protection rules to disable force pushing, prevent branches from being 
deleted, and optionally require status checks before merging.

Click on add rule



We need to name match the branch that we want to apply a protection rule to.

We can set requirement 
of a pull request before 
merging. This will require 
that all commits are 
made to a non-protected 
branch before merging.

We can also set require 
approvals. This means 
that x number of 
collaborators must 
approve the changes 
before merge is 
permitted. In this 
example we have only 
one collaborator so it is 
set to one.

If someone approves pull request but then 
a user tries to make changes to that pull 
request then these changes will be 
dismissed. This stops merging of changes 
into protected branch.

A project can 
have 
designated 
code owners.

Create rule
It will ask for 
password and 
to save 
changes.



Feature5 branch was created my MS-JM-ACC and a pull request sent. Note how it now will not 
allow merging because 1 review is required.



Feature5 branch was created my MS-JM-ACC and a pull request sent. Note how also in EL-EL-
BCNs account it will not allow merging because 1 approving review is required.

EL-EL-BCN can add a review



EL-EL-BCN can add a review



With one review the feature5 branch can be merged into main



Issues are like requests for bug fixes or small changes created in a particular repository. They are 
like comments from collaborators or if a public library anyone really.



Issue title Issue description

Submit new issue



The new issue can have a label

Such as Enhancement



The new issue can be assigned 
to a specific collaborator or 
collaborators



The new issue now shows up in the account of MS-JM-ACC in the repository.



We can add new labels to the issue, i.e. work in progress.



We can add multiple labels to an issue to track it within the workflow management of git hub 
environment.

At the bottom we can create a new branch for this issue.



A new branch named feature2-impr is created and an additional-file.txt was added and committed.



A pull request was added by MS-JM-ACC which requires approval to merge. Note that a pull 
request can be assigned to a particular person.



The pull request from MS-JM-ACC 
was approved and merged with 
the branch being deleted.

Because the branch was created from an issue when the branch 
is merged and deleted the issue gets automatically closed.



Once issue is closed anyone can add a comment. By selecting lock conversation we prevent all but 
approved contributors from adding to the comments.



FORKS AND 
CONTIBUTION TO THE 
PUBLIC REPOSITORIES



Go to https://github.com/bstashchuk/ from my GitHub account and select any one of the 
repositories. 

https://github.com/bstashchuk/


We can click on fork button



Now user EL-EL-BCN has forked this repository from bstashchuk

https://github.com/bstashchuk/


From the bash terminal in the 
habitual folder or git examples.

Git clone command can be used to 
clone the remote repository to the 
local computer. Note how the user 
is EL-EL-BCN in the clone URL 
because it has been forked and not 
directly cloned from bstashchuk.

Now we see that repository folder



We can cd into the 
directory.

And see a .git directory.

Push and pull remote 
server URLs are under 
username EL-EL-BCN
This means that this 
repository does not have 
any connection with 
parent directory from 
which it was forked.

And in the .git directory

We see only one remote 
origin server which is 
under EL-EL-BCNs account.



Note that this repository was forked from bstashchuk/JavaScript-Bible-Basics And has 32 
branches.

Q1: How do we sync a forked repository with changes in the parent repository?
Q2: How to open a pull request in the parent repository from the forked repository?

https://github.com/bstashchuk/JavaScript-Bible-Basics


Parent Repository Forked Repository

Local Repository

PULL PUSH

Owner: bstashchuk Owner: EL-EL-BCN

Origin ServerUpstream Server

PULL

In the local repository we can configure an upstream server that links back to the parent repository 
and we can then perform pulls but not pushes because EL-EL-BCN is not a collaborator with 
bstaschuk in this repository.

PUSH

Conclusions: In order to keep your forked repository up to date then first it must be cloned to your 
computer then another remote server must be added and the convention is to name it upstream.



We can add a git remote 
repository for the upstream 
server using git remote add 
upstream command. Note 
how the URL is that of the 
parent repository.

Now we have two remote 
servers, Origin and 
upstream.



Note that a git branch –a 
command shows only 
branches from the origin 
server because we have not 
yet performed a fetch from 
the upstream server.



Git fetch upstream –v 
command will fetch the 
branches from the 
upstream or parent 
server. 

Note the from server.



Now we see branches 
from the upstream server 
in the list.



If we check the 
.git/refs/remotes directory 
for the upstream server we 
can fine more directories 
and keep going down till we 
find files.

A cat command will show a 
SHA1 for that commit of the 
file.

All remote files and folders 
are located in 
.git/refs/remotes/upstream



Currently we are on the 
master branch and default 
pull location is origin server.

If we want to pull from 
upstream server then we 
have to specify git pull 
upstream master

To sync the origin 
repository we can push.



To fully sync all repositories we first do a pull from the upstream or parent repository to our local 
repository then push any changes to our origin directory. 

If there are any conflicts then git will ask us to manually correct them before performing any 
action.

Parent Repository Forked Repository

Local Repository

PUSH

Owner: bstashchuk Owner: EL-EL-BCN

Origin ServerUpstream Server

PULL



CommitCommitCommit

Master

CommitCommit

How to open a pull request from the forked repository

Commit

feature6

Commit Commit

Forked repository

TIME

CommitCommitCommit

Master

CommitCommit

Parent repository

Propose 
Changes

Owner of the forked 
repository is not able to 
directly push changes into 
parent repository but can 
do a pull request.

Owner: EL-EL-BCN

Owner: MS-JM-ACC

Fork Pull-requests repository from EL-EL-BCN’s account

In the forked repository create a new feature branch

Make several commits in the new feature branch 

Open a pull request from the forked repository to the parent repository

Request EL-EL-BCN review the changes and perform a merge



Fork Pull-requests repository from EL-EL-BCN’s account



In the desktop folder, the pull requests 
folder is deleted. I then clone the forked 
directory from user MS-JM-ACC.

I configure the upstream remote server to 
EL-EL-BCN/pull-request repository on git 
hub. And verify that I have an origin and an 
upstream server configured.

I then do a pull of the upstream main 
branch  and verify that both upstream and 
origin branches are in the local repository.



Two additional files and commit were created in new branch called feature6 in the forked 
directory in user MS-JM-ACC. Both new files were committed.



Git now gives us the option to open pull request. Note how it now says base repository of EL-EL-
BCN/pull-requests main branch and head repository of MS-JM-ACC/pull-requests feature6 branch.

Here we add a title with the 
branch name in square brackets

Here we add a detailed 
description of the changes

Leave Allow 
edits by 
maintainers 
checked

Here it says we are 
creating pull request for 2 
commits, 2 files changed 
and 1 contributor.



Now it tells us that pull request has been sent to EL-EL-BCN/pull-requests repository and they are 
pending review and approval.

Note that the pull request is for 2 commits into EL-EL-BCN-main from MS-JM-ACC-feature6

GitHub sends an email to the repository owner about the pull request.



In the EL-EL-BCN GitHub account, the pull request tab shows the pending pull request and 
after clicking on it we can go to files changes tab to review the changes.

Lets assume we are happy with the changes we can review them and approve.



EL-EL-BCN can approve the changes from feature6 branch of MS-JM-ACC’s forked repository.



The pull request can now be automatically merged because it has no conflicts.

Note that there was no option to delete the branch after confirming the merge. This is because 
the branch was created in the personal forked repository of MS-JM-ACC. MS-JM-ACC does not 
have write access to EL-EL-BCN/pull-requests but can propose changes via a pull request.



Once the EL-EL-BCN has completed the merge then GitHub will send an email confirmation and 
MS-JS-ACC can delete the branch.



Note that in MS-JM-ACCs forked repository feature6 changes are not showing because this 
repository now needs to be sync’d with the parent.



Fetch upstream can be performed from the MS-JM-ACC/pull-requests repository.



Now feature6 folder and files have been updated.



Summary of Shell Commands
git remote add upstream Add an upstream (parent) repository for a forked repository

git pull upstream <branch name> -v Pull changes from upstream remote repository



GIT TAGS



CommitCommitCommit

Commit

feature1

Master

Commit Commit

CommitCommit

Git Tags

Commit

feature2

Commit Commit

TIME

Branch pointer is dynamic which moves whenever a new commit is added. Tag is a static text pointer 
to specific commit. We can at any time checkout a specific tag. Tags are used mostly for release 
versions of a project.

Tag1 Tag3

Tag2



CommitCommitCommit

Commit

feature1

Master

Commit

CommitCommit

Commit

feature2

Commit Commit

V1.1.0

Commit Commit Commit

V1.2.0

Commit

V1.2.1

Project release versioning



CI/CD – Continuous Integration / Continuous Development

- Primarily for testing

- Usually internal use

- Merging is performed frequently

- Different feature branches are merged 
into release branch

- Multiple people may have merge 
rights

Staging Production

Release Master

- For stable production service

- For customers

- Merging happens each 2 weeks or 1 
month

- Usually only release branch is merged 
into master branch

- Only few people have merge rights

- Hotfixes may go straight into production



Semantic Versioning 5.1.3
Major Minor Patch

https://semver.org

Major version is 120
Minor version is 2212
Patch version is 4170.0

Major version is 2
Minor version is 9
Patch version is 11

Major version should be incremented when implementing major changes and the new release is no 
longer compatible with the previous version. In this case minor and patch are reset to zero.
Minor updates are new features that do not break any existing functionality of the software. Patch is 
reset to zero when minor version increments.
Patches are small changes and bug fixes incrementing by 1 each time a small fix is implemented.
As most software has external libraries and dependencies versioning needs to be considered when 
updating this software, i.e. a major upgrade might break the project completely.
5.1.3-4-1 would be an example of pre-release where 5 is major version, 1 is minor version and 3-4.1 
is patch. When the software is released the version becomes 5.1.3 and is considered higher version 
than the pre-release version. Rc can be used to identify release candidate i.e. 3.4.1-RC-3

https://semver.org/


Git Tags
Lightweight Annotated

git tag v1.0.0

Is stored in the .git/refs/tags

git tag -a v1.0.0 -m “new tag”

Is stored in the .git/refs/tags

Is also stored in the .git/objects

Stores tag message

Stores Tag author and date

It is highly advised to only use annotated tags because they store tag author and datetime
Tag names must be unique across entire repository



New repository called tags is created in github.com

Create repository

README file added



We clone this new repository to our 
habitual local directory on the local 
computer.

Once in the git folder we can use the 
command git tag to view any tags in the 
project.

git tag v1.0.0 command is used to add a 
lightweight tag to the project.

The v1.0.0 tag shows in git tag command.

git show v.1.0.0 command gives more 
detail about the tag.

We have the initial commit with head 
pointing to main branch, remote (origin) 
pointing to origin head. Notice how the 
tag is added into this commit.



We create a new file in the local 
repository.

We stage the file

We commit the file

Note that It gives me an author 
identity unknown error because 
username and email is not set. I am 
setting this per repository rather than 
globally.

Once username and email are set the 
file can be committed.



In git log we see the two commits. 
Notice how the tag is fixed to the initial 
commit where as the head pointer 
moves to the last commit. Tags are 
static pointers



The .git/tag/refs file just has one file 
with the name v1.0.0

The .git/tag/refs/v1.0.0 file has the 
SHA1 of the commit that the tag is 
attached to.

Because the v.1.0.0 tag is a lightweight 
tag there are no additional files in the 
objects folder.

Lightweight tags do not contain 
additional information.

Git tags are unique in the repository 
and git will not let us create another 
tag with the same name.

Now lets push the local repository to 
the remote repository.



No tags seen in the repository after the push

Git by default does not push tags 
created in local repository. This is to 
avoid conflicts that could arise when 
multiple collaborators working on 
the project name tags the same

Now locally we delete the repository 
and then clone it from remote server.



The repository does not have any tags

We can create an annotated tag

Now we can see the tag

We can view verbose tag 
details if we specify the tag 
name

Here is the SHA1 of the 
commit object that the tag is 
attached to.

Here is author and date of 
annotated tag

Here is tag comment

It is also possible to add 
signature to an annotated 
tag



The .git/tag/refs file just has one file 
with the name v1.0.0

The .git/tag/refs/v1.0.0 file has the 
SHA1 of the commit that the tag is 
attached to.

Annotated tags also are stored in the 
objects directory.

In this case we see the SHA1 hash of 
the tag object.

This object is a tag

With the contents of the tag object 
containing the SHA1 of the commit 
that the tag is attached to plus the 
author, date time and comment.



Git log shows that the main and HEAD 
are the same in local and remote 
repositories meaning they are 
synchronised. In local repository we 
have tag v1.0.0 attached to new file 
commit.

Git push does not push tags by default

We have to use git push --tags 
command.





Now we can add another file then 
stage and commit it.

We can add an annotated tag to this 
commit.

We can push to remote server the tag 
using git push –v origin <tagname>



But the changes were not pushed to 
the remote repository, only the tag. 
The main and Head still point to the 
penultimate commit.

We need to do git push –v to push the 
commits.



Another-file.txt was changed and committed.



In git hub we can create a new release



Add the release with the version number

Release title

Release description



When we create a release GitHub will automatically 
provide the option to download the project at this 
point in zip or tar format.



We can update the local repository by 
pulling from the remote. Now we see 
three tags.



Summary of Shell Commands
git tag Add lightweight tag

git tag -a v1.0.0 -m “new tag” Add annotated tag

git show <tag name> Show detailed information about tag



GIT REBASING



Rebasing Branches
- Rewrites history
- History Becomes Linear. With Merges, commits have multiple parents, Rebasing removes 

multiple parents so that the history becomes linear.
- Does not keep entire History of all commits. Some commits are lost when rebasing is performed.

CommitCommitCommit

Master

CommitCommit

Commit

feature1

Commit Commit

HEAD

Root 
commit.

Master

HEAD

3 way merge commit 
with two parents

TIME

Merging Branches



CommitCommit

Master

Commit

feature1

Commit Commit

HEAD

Root 
commit.

Master

HEAD

Fast forward merge the 
master and HEAD pointer 
moves to the last commit 
of the incoming branch.

TIME

Merging Branches

CommitCommitCommit CommitCommit Commit Rebasing

CommitCommitCommit CommitCommit Commit

Commit Commit

Commit Commit Commit
Merging



Master

feature1 Merging of the feature1 branch 
into the master branch using 
rebasing is a two step process.

1. Checkout feature branch git checkout feature1

2. Rebase feature branch on top of the base branch git rebase master

3. Checkout base branch git checkout master

4. Merge feature branch into the base branch. Fast 
forward merge will be used.

git merge feature1



CommitCommitCommit

Master

Commit

Commit

feature1

Commit Commit

HEAD

Root 
commit.

1- Lets suppose that feature 1 has 3 commits stemming from the 
second commit of the master branch. Notice that there are 2 commits 
in the base master branch after the creation of the feature 1 branch.

TIME

Commit

feature1

Commit Commit

HEAD

Rebasing Branches Step 1

git checkout feature1

git rebase master

2- When we rebase master branch git 
creates 3 new copies of the feature 1 
branch and places them on top of the 
master branch. These new commits 
are different because the parent has 
changed.

3- The old commits will be garbage collected 
because they now have no pointers. The 
feature1 pointer is removed so the SHA1s are 
meaningless.



CommitCommitCommit

Master

Commit

HEAD

Root 
commit.

1- we checkout master branch so the pointer of master and HEAD are 
pointing to the last commit in the master branch.

TIME

Commit

feature1

Commit Commit

Rebasing Branches Step 2

git checkout master

git merge feature1

Master

HEAD

2- Fast forward merge is used to move the Master and Head pointer to the last commit of the 
feature 1 branch and now feature 1 branch can be safely removed.

Now we see that rebasing a branch makes the commits linear and removes branch history. None 
of the commits have more than one parent.



In the habitual folder for git labs

We can clone the new repository created 
in github.com

In this new repository called rebasing 
we can create a simple file

And stage the new file

Add in repository credentials of username 
and email

Now we can commit the first file

And we see the commit in the log.



Feature1 branch was created 
and checked out

Third file was created in 
feature 1 branch and staged 
then committed.



Third file in feature1 branch was 
edited in nano editor and saved.

These changes were staged and 
committed.

Now in git log we have two 
commits in the feature1 branch 
and two commits in the main 
branch.



The main branch is checked 
out and a fourth file created, 
staged and committed.

CommitCommitCommit

Master

Commit

feature1

Commit

HEAD

Root 
commit.

TIME

Now our project 
looks like this:



First we checkout feature1 branch

Then rebase main

Note that after the rebase the 
commits made in feature1 branch 
appear after the last commit in the 
main branch.

CommitCommitCommit

Master

Commit

feature1

Commit

HEAD

Root 
commit.

CommitCommit

TIME

Now our project 
looks like this:

These two commits can be garbage 
collected because they have no pointer



Now we checkout main branch

And perform a fast forward merge

CommitCommitCommit

Master

Commit Commit

HEAD

Root 
commit.

TIME

Now our project looks like this:
feature1



Now in got log we see that the 
commits are linear and all under the 
main branch with the HEAD pointer.

Note that by using the git log --graph 
option the log is displayed with a red 
line showing time starting with most 
recent at the top.

Every commit has a single parent.



Both the main and feature 1 branch now show commits in linear order and 
it is impossible to tell which commit was made in which branch originally. 



Now from the main branch the 
feature1 branch can be deleted and 
the local repository pushed to the 
remote repository.

Git log shows that the main 
branch and head point to the 
same commit in the local 
repository and remote 
repository meaning that they 
are synchronised. 



Note how GitHub also reflects the out of sequence files after the rebasing.



Summary of Shell Commands
Git rebase <branch> Rebase branch onto another branch

Rebasing is a destructive process as branch history is deleted and unrecoverable.

Rebasing creates new commits with current timestamps when rebasing is performed so order of 
changes is also lost as the rebasing reorders the commits in a linear fashion.

Merging is a much better solution to rebasing.



IGNORING FILES IN GIT



Git Ignore - Git Ignore tells git which files and folders to ignore
- Change in Ignored files and folders are ignored by git
- Rules are defined in a separate file .gitignore
- .gitignore file itself must be submitted
- By default there are not .gitignore files or folders in git, 

they have to be manually added to the .gitignore file

Untracked Modified Staged Unmodified 

Stage (start tracking) git add

Commit file git commit

Stage git add

Change file in working directory

untrack

The below diagram 
shows git file statuses

Untracked

Modified Staged Unmodified 

Tracked Ignored

By default any file created in git has a status of Untracked. The file can then progress to a tracked 
sub status of modified, staged and unmodified. Unless it has file status of Ignored.



In the habitual directory a new repository 
is created called git ignore.

A new file called .gitignore is 
created in the root of the directory.

The status of this file is 
unstaged/Uncommitted.

the .gitignore file must be 
staged and committed.



New-file.txt was added to the .gitignore file. 
This change was committed.

New-file.txt was created and saved.

Note how it does not show as changed and needing 
to be staged and committed. This is because it is 
flagged in .gitignore so git does not need to track it.



This means that when the repository is pushed to remote repository git will ignore the file and it will 
not show up in the remote repository. If someone clones or forks this remote repository then the files 
in .gitignore will not be present.

The .gitignore file was modified to include a folder 
called bin. Note that backslash after the folder name 
means that all files in that folder will be ignored. 

This change was committed.

Bin folder now has two files saved in it called file1 and file2.

Note how git does not prompt to commit these changes 
because the bin folder and its contents are in the .gitignore file.



Comments can be added to the .gitignore file with a 
hash symbol.

File3.tmp was added in the root, file5.tmp was added in the bin folder, 
file named just .tmp was created in a new folder called my-folder.

Note that the only 1 file that needs to be committed is the .gitignore 
file. All the tmp files are excluded by the third rule in .gitignore file.



Lets create a 
remote public 
repository in 
github.com

Leaving 
README.txt 
unchecked.



The remote repository is 
configured in the local 
repository and local 
repository is pushed to 
remote.

Below in the remote repository 
we can see that only one file was 
pushed because the rest are 
excluded in the .gitignore file



If change the ignore 
single file to another-
file.txt we can see that 
git now does not ignore 
new-file.txt and it is 
marked as untracked 
and needs to be 
committed.

Changes can be 
pushed to remote 
directory from 
visual studio code



Now that new-file.txt is removed from the .gitignore file it is 
tracked and so is committed and pushed to the remote repository.

Any subsequent edits to new-file.txt 
will prompt git to ask us to commit.



Ignore previously committed file – method 1
1. Add ignore rule to .gitignore
2. Delete file in working directory
3. Commit changes
4. Add again previously deleted file

1. Ignore rule added to .gitignore and .gitignore is committed. 
Changes then pushed to remote.



2. Delete new-file.txt
3.  commit changes. Push changes to remote 
repository.

New-file.txt has now gone from remote repository.



4. Create new-file in the working directory

But if you want to keep the file in the working directory it is not convenient to delete it first then 
commit and recreate the file again in the working directory.

New-file.txt is returned to tracked status and changes 
committed. Changes are pushed.



Ignore previously committed file – method 2
1. Add ignore rule to .gitignore
2. Delete file only from repository, keeping it in working directory using command 
git rm --cached <filename>

1. Ignore rule added to .gitignore but do not commit these changes 
yet because the new-file is still in the git local repository.



The new-file.txt can be deleted 
from the repository with 
git rm --cached <filename> 
command

Note how new-file.txt is still in the 
working directory.

git status shows the new-file.txt 
as deleted and the .gitignore as 
modified.



New-file.txt is now showing as deleted. Note how git has 
staged the deletion of new-file.txt automatically.

These two changes can be committed and pushed.

New-file.txt has now gone from remote repository but is still present in local working directory.



Best Practices for git ignore
- Build folders like bin/

Build folders are usually created in production repositories and will not appear in the final release so 
these files can be ignored.

- Dependency folders like node_modules/

Dependency folders like node modules or Jquery etc are ignored because these files are usually 
large and anyone can install these dependency files themselves after cloning or forking the 
repository. 

- Compiled and log files like *.pyc , *.log

Log files should be ignored as they will be full of junk information that was created during the 
development stages.

- Hidden OS files like thumbs.db or DS_Store

Do not include such system files that the OS will sometimes create automatically.



Gitignore.io is a website where we can download default templates for a .gitignore file 
depending on the programming language OS etc. for example we can add python and click create 
and it will generate a default gitignore template that can be copied into the .gitignore file.

Gitignore.io https://www.toptal.com/developers/gitignore

https://www.toptal.com/developers/gitignore


GitHub also has a list of git ignore templates in the repository https://github.com/github/gitignore

https://github.com/github/gitignore


Summary of Shell Commands
touch .gitignore Create git ignore hidden file in the root directory

git add . Stage all files
git commit -m “gitignore file created” Commit git ignore file

git rm --cached <filename> Remove a file from the repository but not the working area



DETACHED HEAD



CommitCommitCommit

Master

Commit

HEAD

Root 
commit.

TIME

Detached Head
Normally, HEAD points to a specific branch so any new commit made in for example master 
branch, the head pointer automatically moves with the branch pointer.

But it is possible to move head to a specific commit with git checkout <SHA1> command.

HEAD

Commit

In this case a new commit will be 
created not in a particular branch 
but in a detached head state.

Any commits made in detached head state will chain up behind the first detached head commit 
and the head pointer will move to the latest detached head commit.

Commit

HEAD

If you checkout the master branch again then the head will move back to the master branch and 
any commits in the detached head state will be garbage collected because they do not have any 
head or branch pointer. However when head points to detached head commit, if you are happy 
with these experimental changes then a new branch can be created. 



A new repository was created in GitHub and 
cloned to the habitual directory.

Empty files of file1.txt, file2,txt and file3.txt 
were created, staged and committed.



In git log we can see the commits and 
that the head and main branch 
pointers are on the last commit.

cat .git/head shows that the 
head pointer is in the main 
branch also.

We can checkout any commit to enter 
detached head mode with the 
command git checkout <SHA1>. I have 
checked out the commit for file1.txt



GitHub desktop only shows the two commits because we are 
in detached head mode and the commit for file1 is checked 
out.

In visual studio code it shows the SHA1 instead of the branch 
name that is checked out because we are in detached head 
state.



In git log we can see that head points 
to a SHA1 but with out a branch name. 
I.e. detached head state.

Create, stage and commit another file

Create, stage and commit another file



We can see all the commits made in detached head state.

Note that moving back to main branch now would result in 
these commits being garbage collected.



If I checkout the main 
branch now I get a 
message telling me that 
there are two commits that 
will be lost because they 
were created in detached 
head state.

I can revert the loss of 
these commits by checking 
out one of the SHA1’s in 
the message.



Two more files were created, 
staged and committed in a 
detached head state.

These commits in detached 
head state can be preserved if 
we like them by creating a new 
branch with 
git checkout –b <branch name>



We can see the head 
pointer points to the 
experimental branch.



If we now go back into 
detached head state by 
checking out the last 
commit we get the 
detached head warning.

The head pointer file now 
points to a SHA1 rather 
than a branch name.

If I checkout experimental 
branch then I do not get 
any warnings of lost 
commits because the 
detached head was 
checked out on the last 
commit so nothing is lost.



From main 
branch the 
experimental 
branch was 
merged. Then 
experimental 
branch was 
deleted.

Note that all changes were retained because a branch was created from detached head state and it 
was merged so these commits were not garbage collected.



ADVANCED GIT



Cloning a public repository

Lets start by cloning any public 
remote repository to our local 
computer.



We have git 
tags, branches, 
files, commits 
etc in this 
repository



We have git 
tags, branches, 
files, commits  
etc in this 
repository



If git lg command is not available, you should create an alias to make it work

Fix git lg command

1.git config --global alias.lg "log --color --graph --pretty=format:'%Cred%h%Creset -
%C(yellow)%d%Creset %s %Cgreen(%cr)%C(bold blue)<%an>%Creset' --abbrev-commit"

git lg command is a summary of 
git log where:

Red is the SHA1
Yellow is the head, branch and tag
Blue is the author and date time
White is the commit comment 



git log --oneline command will 
display the git log as collapsed 
view with one commit per line

git log --graph command show the 
commits in branches with 
relationships to parents defined 
by a line (pipe symbol and stars!)

git log --graph --oneline command 
show the commits in branches 
with relationships to parents with 
one commit per line.



git log --stat command is a 
summary of git log with stats for 
each commit.

For the last commit we see that 
three files were changed then it 
gives a breakdown of those 
changes. i.e. the first file had 20 
lines removed, the second file had 
2 lines added and 2 lines removed,
The third file had 8 lines added.

A total of three files were 
modified, 9 lines inserted and 21 
removed.



git log -p command shows exactly 
what was changed in each file 
during that commit.

This is not really practical to use in 
terminal and it is better to use 
graphical interface like GitHub 
desktop or SourceTree.



git log -4 --graph command shows 
us the last four commits in graph 
format.

Equally git log -4 --oneline or
git log -4 --graph --oneline 
command can be used.

The dash4 option where 4 is the 
number of commits from latest so 
dash3 or dash 2 etc works.



git shortlog command shows us 
commits sorted by author 
alphabetically.



git shortlog -n  command shows 
us commits sorted by author in 
order of number of commits 
from highest to lowest.

In this repository we see that 
Haoquin Jiang has made 221 
commits.



git shortlog -n  -s command 
shows us commits and author  
sorted in order of number of 
commits from highest to lowest.

git shortlog -n  -s -e command 
shows us commits, author and 
email sorted in order of number 
of commits from highest to 
lowest.



git log --author <name> command 
shows us commits for a specific 
author.

git log --author <name> --oneline 
command shows us commits for a 
specific author with one commit 
per line



git log --grep <word> command is 
like a wildcard search where logs 
containing a particular word or text 
or numbers can be filtered

git log --grep <word> --oneline 
wildcard search results on one line

git log –pretty=format:”%H” 
command is a wildcard search to 
output only the SHA1 hash of all the 
commits.



git log –pretty=format:”%cn %H” 
command is a wildcard search to 
output only the author and SHA1 
hash of all the commits.

git log –pretty=format:”author of 
commit: %cn SHA1 hash: %h” 
lower h indicates shortened sha1 
hash. We can also add text into the 
format string.



git log --pretty=format:”author: 
%cn; SHA1 hash: %h; Date: %cd” 
lower h indicates shortened sha1 
hash. We can also add text into the 
format string.

git log --merges --oneline command 
shows only git logs for merges. 



git log –no-merges --oneline 
command shows all commits minus 
merge commits



It is possible to modify the git history but this is a destructive process and is not recommended on 
any public branches. Git reset has three options: Hard, Mixed (default) and soft.

Git reset

The local git repository is up to date 
(git pull) and in the git log lets say 
we want to reset git from the last 
commit (bc7bee8) to the 
penultimate commit (8ad42c2)

git reset <SHA1> command resets 
the repository to the earlier commit 
and tells us that there are now un 
staged changes. In this case one file 
deleted and one file modified. This 
operation is relatively safe because 
changes were kept in working 
directory.

By default git reset applies mixed mode. What this means is that The commit is discarded in the 
repository and staging area but kept in the working directory.

I have undone these changes by performing a fresh pull from the remote repository.



The local git repository is up to date 
(git pull) and in the git log lets say 
we want to reset git from the last 
commit (bc7bee8) to the commit 
(566f6a1)

git reset --soft <SHA1> command 
resets the repository to the earlier 
commit and tells us that there are 
now uncommitted changes. Git 
reset soft only removes the changes 
from the repository but leaves the 
staging and working area as they 
were.



The local git repository is up to date 
(git pull) and in the git log lets say we 
want to reset git from the last commit 
(bc7bee8) to the commit (4a95e37)

git reset --hard <SHA1> command 
resets the repository to the earlier 
commit and tells us that the head has 
moved to the specified commit. Git 
reset hard removes the changes from 
the working area, staging area and 
local directory so is very destructive. 
Commits after the specified commit 
will be lost and files deleted, or 
reverted to the version in the 
specified commit.

These files can only be recovered 
with a pull from the remote directory.

Note that none of the git reset 
options were pushed to remote 
repository.



The local git repository is up to date 
(git pull) and in the git log lets say we 
want to reset git from the last commit 
(bc7bee8) to the commit (4a95e37)

git reset HEAD-n command resets the 
repository head pointer back the 
number specified. 

The default option of mixed reset is 
used so the changes are applied to 
the repository and staging area and 
can be reverted by adding and 
committing the changes.

To revert my local repository to its 
original state I performed a hard reset 
to a commit before I modified it then 
performed a pull. Now it is as was 
originally.



Git revert is not destructive but 
creates a new commit to revert 
all changes made in a specific 
commit.

Because it is creating a new 
commit git asks us for a message.

We can keep the default message 
and exit using :wq (write, quit)

Git Revert

Notice the new commit created.



git log -p command shows all 
the changes to each file that 
were made with the git revert.

This command is really useful 
when you have already pushed 
changes to remote repository 
but you really need to undo 
them.



Git Amend
This option is useful when you have 
made an error or typo on the last 
commit. It is a destructive process so 
should only be done on non public 
branch or repository.

The last commit is overwritten with the 
amended commit.
Note that we can also amend author for 
the last commit. 



Git Cherry pick
Cherry pick allows us to take any commit and insert in into currently checked out branch as latest 
commit. This is useful if we are working on feature branch and want to take one commit from that 
branch such as a bug fix and move it to the current branch. 

This can also be used to take one or two commits from detached head state and put them in the 
checked out branch rather than creating a whole new branch and merging it.

In this example we have 
created and checked out a 
new branch called temp



In the temp branch I have made changes to the README file and saved it



The changes were staged and 
committed.

Now we see the commit for the 
changes in the temp branch.

Back in the main branch we can
git cherry-pick <SHA1> the commit 
to import into the main branch.

Note that the sha1 of the commit in 
temp branch is 2e92dee but when it 
is cherry-picked into main branch 
the sha1 is 3f9e7b. This is because 
cherry picking creates a new 
commit so the date time will be 
different.



In the temp branch I have made more changes to the README file and saved it

Back in the main branch we can
git cherry-pick --no-commit <SHA1> 
to stage this commit from the temp 
branch into the main branch.

git status –v will show the changes 
made and to want files.

Finally we can manually commit the 
changes.



Git Reflog
This will show a history of all operations 
on the local repository. Using results of 
this command it is possible to revert 
back to a previous state.

Note that there is an ascending counter 
HEAD@{0} that indicates where the 
head was. 

git reflog show temp will show all local 
commits for that branch.

I can pick a particular SHA1 and check it 
out in detached head state.

Then checkout main branch.



We can checkout one of these 
counters, i.e. six operations back 
using git-checkout HEAD@{6} 
and now we are in detached 
head state.

Note that the ascending counter 
HEAD@{0} is dynamic, i.e 
position zero moves up to latest 
commit etc..



git lg shows us all the commits 
and we can chose one from 5 
weeks ago to hard reset to.

Now head pointer is at the 
commit from 5 weeks ago.



git reflog shows us all the 
commits and recent resets

If we do not like the results of a 
reset we can chose the SHA1, for 
example with counter 
HEAD@{1}, and reset to that.

This is particularly useful to 
undo any destructive changes in 
the repository.

Note that git reflog only lists 
operations performed locally in 
repository and does not look at 
remote repository or other 
computers of other 
collaborators.

Note that messages in git reflog 
are normally kept only 90 days 
so a revert over 3 months is not 
viable from git reflog.



README.md file and LICENSE file modified in temp branch and bot files saved.

Git Stashing



git status shows two files pending to be 
staged and committed.

I have staged only the LICENSE file but 
now I need to get back to the main 
branch to do some work there.

I can stash the files using git stash 
command Note the output.

But if I look again at the files in visual 
studio code I can see that the changes I 
made are no longer there so where 
have the changes been saved/stashed?



Git stores stashes in the directory 
.git/refs/stash

The contents of the stash SHA1 is a 
temporary commit which contains 
information about the stash changes. 
Note the test at the end is the same as 
the output of the git stash command.

The contents stash file area a SHA1

If I move into main branch then mack 
into temp branch, I see that in Visual 
studio code the files are still missing the 
lines that were stashed.



I can activate the changes made in the 
stash with git stash pop command and 
now we see two modified files.

Now the changes reappear in the files

After applying this temporary stash 
with a git stash pop command,  git has 
deleted the stash file.



Currently, I have two 
files in temp branch 
that are not 
committed.

If I now try and change 
branch from temp to main

Git hub desktop will give me the option to stash these 
changes before switching branches



Switching back to temp 
branch.

Github desktop tells me 
I have stashed changes 
that I can view.



GitHub desktop shows 
me the lines that have 
changed in each file

GitHub desktop allows 
me to restore or discard 
these changes.

Stashing is useful if you have upstaged / uncommitted changes 
and you need to switch to another branch to work on something 
else but do not want to loose these changes.



Git garbage Collection
Garbage collection in git is an automatic process from time to time to clean the git repository of 
unused and unreachable commits. It will also place git objects in a pak file to make it smaller. Pack is 
zip for git!

If we look at the contents of 
.git/objects directory we see some 
2hex directories which are the files and 
a pack directory.

The .git/objects/pack directory 
contains the pack file and an idx file.

git gc command (git garbage collection) 
will compress files that have not been 
used for a while into the pack file.

Now we see the SHA1 of the pack and 
idx files have changed.

And that there are less items in the 
.git/objects directory because some 
items have been compressed to git 
pack.

Also with this command git will clean unreachable commits and old reflog records.



Squashing of commits at GitHub
If we look at this particular git log 
message we can see that there are two 
comments to the 1 commit. This is 
because it was made by combining two 
commits.

This is because the administrator is 
using rebasing with squashing to keep 
the repository clean of many 
development merges and branches so 
that the tree is very linear.



Lets create a 
public testing 
repository in 
github.com

And copy the URL 
for cloning



Three files were created and staged and committed to the feature1 
branch of the local repository then pushed to the remote 
repository.

In github.com a pull request was opened for the changes in 
feature1 branch.



Now when we merge the pull request we can select the dropdown to chose additional 
features of merge. This time we will squash and merge which will combine the three commits 
from this branch into one commit. Note that it will also prompt us to confirm the quash and 
merge before actioning it.



Note that after the merge the main branch only has two commits because we can see the 
ultimate commit is actually three commits squashed into 1.



If we git checkout main branch and 
perform a git pull.

The git log only shows 2 commits with 
the ultimate commit being squashed 3 
commits.



File4.txt, file5.txt and file6.txt were 
staged and committed in feature2 
branch.

In git log we see the 3 commits for 
the three files added in feature2 
branch.

To perform git rebasing with 
squashing we need to use the -i
option (interactive) and include the 
SHA1 of the commit before the three 
that we want to squash.



git rebase -i <SHA1> command will 
generate this file output which 
contains the 3 commits that we 
want to quash into 1.



In the file output we need to pick 
one commit that we want to 
represent the three then change 
the other two from pick to squash
or just s.
To edit this file we can use control + 
i (insert)
When we have made the changes 
we can use escape then :wq to 
write and quit.



We get a conformation file output 
where we can individually modify 
the commit comments.



Git executes the contents of these 
files creating one commit to replace 
the three.

In this case I have changed the 
comments of the three commits 
then using escape then :wq I can 
write and quit this file.



Git log shows us the squashed 
commit with three comments.

I can now git checkout main branch

And git merge -v feature2 branch 
into the main branch. Note that git 
has performed fast-forwarding 
merge as per rebasing process.

Finally I can git push this to the 
remote repository.



Git Development workflow

A repository usually contains several public branches such as dev, release and main and these 
branches are usually selected as protected so that owner can only accept and perform pull 
requests. 

Often you will need to be up to date with public branches while working on new features in 
private branches.

I have performed a hard reset of 
the local repository to remove 
all the changes that I made 
previously.



Feature1 branch is 
created locally.



I have stages and committed 
file1.txt to feature1 branch.

To keep up to date I can merge 
main branch into feature1 
branch.



Summary of Shell Commands
git lg Summary of git log with pretty colours

git log --oneline Outputs git log with one commit per line

git log --graph Outputs git log showing parents of each commit

git log –pretty=format:”%H” Show only SHA1 hashes of all commits in the git log

git log --graph --oneline Outputs git log showing parents of each commit on one line

git log --stat Outputs git log showing number of lines modified in each file

git log -p Outputs git log showing exactly what was changed in each file

git log -4 --graph Outputs last 4 git log commits showing parents

git log -4 --oneline Outputs last 4 git log commits on one line

git log -4 --graph --oneline Outputs last 4 git log commits showing parents on one line

git shortlog -n Outputs number of commits sorted by author alphabetically

git shortlog -n  -s Outputs author, number of commits sorted by total commits

git shortlog -n  -s -e Outputs author, email, number of commits sorted by total commits

git log --author <name> Filter log by author name

git log --grep <word> A wild card search of git log to find commits that contain word

git log –pretty=format:”%cn %H” Show only author and SHA1 hashes of all commits in the git log

git log –pretty=format:”%cn %h” Show only author and short SHA1 hashes of all commits in git log



git log –pretty=format:”author of 
commit: %cn SHA1 hash: %h”

Pretty author & SHA1 text string

git log –pretty=format:”author: 
%cn; SHA1 hash: %h; Date: %cd”

Pretty author; SHA1; Date

git log --merges --oneline Show only merge commits

git log –no-merges --oneline Show all minus merge commits

git reset <SHA1> Perform mixed reset to commit (only respository)

git reset --soft<SHA1> Perform soft reset to commit  (respository & staging)

git reset --hard<SHA1> Perform hard reset to commit (respository, staging & working)

git reset HEAD-n Reset head to n commits backwards (mixed reset)

git commit --amend -m “message” Overwrite last commit with new commit

git commit --amend –
author=“username <email>”

Amend author of last commit

git cherry-pick <SHA1> Cherry-pick a commit from another branch or detached head 
and commit it to the current branch

git cherry-pick --no-commit <SHA1> Cherry-pick a commit from another branch and stage it into 
current branch

git reflog Show history of all operations on the local repository



git stash Make a temporary save commit (stash)

git stash pop Apply changes made in stash

git gc Manual clean up unreachable commits and old reflog records and 
compress to pack

git rebase -i <SHA1> Perform manual rebasing with squashing of all commits after the 
SHA1 specified.



GIT HUB PAGES



GitHub pages
A git hub page is a way to easily host a website with a GitHub sub domain. The website can be 
created from the GitHub repository.

A standard repository is created in GitHub with the following settings: Repo name – gh-pages-
static, Repo description – Another test static page, Repo is public with no README.me file.



The repository is created locally 
with the same name and a basic 
html file added.

The html file is staged and 
added then the changes are 
pushed to the remote 
repository which is manually 
configured.

Git may have cached credentials 
set locally. So returns a 403 
error when pushing. This can be 
solved with 
git config credential helper “”



In GitHub 
remote 
repository 
we now see 
the 
index.html 
file.

In GitHub remote repository choose settings then scroll down to the bottom to GitHub pages



From the 
None button, 
we select the 
branch that 
we want to 
use for the 
website. In 
this case 
master and 
select save.



Now we are 
given a URL 
which is 
similar to our 
GitHub 
repository.

This URL is globally reachable from explorer so is a hosted website!
Note that it can take up to 2 minutes before the URL is live and 
reachable.



Creating basic React application
Download latest version of node js from https://nodejs.org/en/ Select add chocolatey tools to 

add all the node js 
dependencies automatically.

From out habitual git folder I 
can check the availability of 
Node js and the version, NPM 
and NPX.

https://nodejs.org/en/


You can now view gh-pages-react in the browser.

Local:            http://localhost:3000
On Your Network:  http://192.168.1.152:3000

I can cd into the new directory 
and run npm.

It will npm start and tell me 
that I can view the page locally 
in the web browser and also 
open a browser to that page.



I need to add another npm package called gh-pages from https://www.npmjs.com/package/gh-
pages with a npm install -D gh-pages command

https://www.npmjs.com/package/gh-pages


Under the settings tab for this repository we create a GitHub page 
and set the master branch to root and save.

Copy the URL 



Homepage is added manually to package.json file

Predeploy and deploy scripts are added manually to the scripts section of package.json



We can initialise git and stage and commit 
the project locally.

Next we set the remote repository and push 
to it.



I now run the deploy script in terminal



We need to make to connection 
between local repository and 
remote repository secure using 
SSH key.
First we generate a key locally 
with the command
Ssh-keygen –t ed25519 -C “email”

This will give us a location where 
the key is saved.

We open the file with a cat 
command and copy the contents.

Configure SSH key



Then we go to github.com and in the top right we select user settings, SSH and GPG keys.

Paste the contents 
of the public ssh 
key file here

Add name of key 
i.e. my ssh key

Add key

Note that the SSH key is created against the user not the repository so the key can be used to 
access any remote repository under the user.



Now we need to get the remote repository name using SSH.



Now we need to set the local 
repository to use the SSH url.

Now when we git push it will ask 
us the first time if want to 
continue connecting.

I set a passphrase when 
configuring the SSH key so it will 
also ask me for this when I push.



I rerun the npm run deploy 
command and enter the ssh 
passphrase where prompted.

Now we have a node js react 
webpage hosted on github.io that 
is updated by git from a local 
repository using SSH key pair.



Note that npm deploy script creates a new branch called gh-pages which is the live version of 
the webpage.



We need to set the github pages to the gh-pages branch.



And now we refresh the URL and it has changed to the contents of the default node js index 
page.



GIT HOOKS



Normal workflow without git hooks
Stage files Commit Commit message Committed

By default git allows you to commit any file, enter any commit message and does not perform any 
checks such as validity of commit message or syntax of any code files. However git automatically 
creates hooks by default out of the box but they are disabled unless otherwise activated.

Stage files

Pre-
commit 

hook

Interrupt 
Process

Executable script

Commit

0

Process 
Exit status

Prepare 
commit 

msg script

Interrupt 
Process

Commit msg

Commit 
message 

hook

Committed

Interrupt 
Process

In this diagram there are executable scripts that check the content of the commit and if output value 
is zero then the process proceeds to the next step, any other value than zero goes to an interrupt 
process. There are many more types of git hook and not all need to be used.. There are client and 
server hooks.

0 0 Post 
Commit 

Hook

FINISHED

i.e. send 
confirmation 
email



How git hooks could be used in the real world
- Verify or edit commit message
- Run application test before each commit or before pushing to remote
- Verify and potentially fix code syntax mistakes using linters like Eslint or Pylint
- Generate notifications after successful committing
- Deploy updated application to production on the server

Note: that deploying hooks will slow down git because the hook script has to be run so depending 
on the complexity of the hook script it could take several minutes or more. 

Code syntax mistakes could route to an interrupt process if errors found notifying the user to fix 
the errors and try the commit again.

Notifications could be an email, or terminal output to screen etc.

Deploy updated application to server requires a server side hook.



Using pre-commit hook

Starting from the habitual directory

A new directory called git-hooks-local
is created

From within git-hooks-local git is 
initialised

Immediately as out of the box 
configuration we see a git directory 
called hooks.

The hooks directory contains pre-
configured default hooks ready to use. 
These are a series of files with .sample 
extension. The .sample extension is 
disabled on git by default so to utilise 
one of these pre-configured files just 
remove the .sample extension.



By default visual studio code does not display hidden files so we need to go to file->preferences-
>settings and type exclude where we will see a list of files and folders that are excluded by default.

If we mouse over the right of the column for **/.git we can use the x to remove excluded item.



Now the hidden .git folder is visible and we can explore the contents of the hooks sub-folder.



The pre-commit script first line comment !bin/sh tells us what interpreter should be used to read 
the script, in this case shell. Note that this script is a sample file that can be used for learning 
purposes.

The comments also 
detail what the script 
does, for example it 
checks for non ASCII 
filenames.



To use this pre-commit script as is we just copy it then rename it to remove the .sample extension



I have added a file to the repository that does not breach any 
ASCII file name rule in the pre-commit script.

The file is staged and committed.



I have added a file to the repository that contains a non ASCII file 
name.

The file is staged but gives the error 
message from the pre-commit script 
because it contains non ASCII characters 
in the file name.

WE can see from git status that the file 
is in the staging area but was blocked 
from being committed to the repository.



At the bottom of the pre-commit script we see the exit code of 1 for an error, remember 0 is a pass, 
anything other than 0 is a fail.



Enabling post-commit hook
There is no sample post-commit hook but we can create one by adding a file to the .git/hooks 
folder called “post-commit”. It must specifically be named post-commit. 

The post hooks first line must be the interpreter 
used to run the script, in this case it is a shell script 

All the script does in output 
the committer author name

We do not need to specify exit 0 because the script does 
not make any decisions about validity of files, folders etc.



In the .git/hooks directory we see the 
newly create post-commit file.
Note the permissions of -rwxr-xr-x-.
If the hooks file permissions are not set 
to this then it will not be executable.

Now I have created a third file and 
staged it then committed it.

Notice the message “thanks for 
committing EL-EL-BCN”. This is the 
message we configured in the post-
commit hook file.



If .git/hooks file is not executable it will throw an error similar to the one above shown in yellow.

The file permission can be edited 
by 
cd .git/hooks
chmod +x <filename>

In the case of this exercise git has 
automatically created the hooks 
file with the correct permissions.



Disabling Rebasing with pre-rebasing hook
There is a default pre-rebasing hook already created so we can just copy it and rename the copy 
removing the .sample from the filename or create our own script.



To test the disable rebasing hook:
1. feature1 branch created and checked out
2. file4.txt created and staged and committed
3. Master branch checked out
4. file5.txt created and staged and committed
5. Feature 1 branch checked out
6. git rebase master command issued

Note how when we try to rebase we get the error 
message “got rebasing is not allowed in this 
repository” message which we configured 
previously. 
Also we get fatal error: the pre-rebase hook refused 
to rebase.

To continue the exercises I removed feture1 branch 
from master branch with git branch -D feature1



Match authors email against regular expression
The pre-commit script is modified to include an email matching regex that looks for emails only 
from @gmail.com. We also assign git author email to an email variable.

We then use a simple if statement to check of git author email matches the regular expression. The 
hook value of zero is used for positive match and hook value of 1 for negative match so that an 
invalid email is dumped into an interrupt process. fi at the end signifies finalise.



The git hook lets us commit the seventh 
file because elliottbcn@gmail.com
matches the regex in the pre-commit file.

Note the commit message “your email 
satisfies the git policy”

Now if I modify the regex in the pre-
commit hook and test again…..

mailto:elliottbcn@gmail.com


The git hook denies 
elliottbcn@gmail.com from committing 
file eight.com with the configured error 
message.

A git status command shows that this file 
is still pending to be committed.

mailto:elliottbcn@gmail.com


Git hooks are NOT pushed to the remote repository
A remote repository was created in github.com with the following features:
- Name: git-hooks-local
- Description: Experimenting with git local hooks
- No README.me file

The remote repository is configured 
for the local repository and verified 
then local is pushed to remote.



The easiest way to see if .git/hooks files 
are transferred to remote repository is to 
clone the remote repository and analyse 
files.

Note that we have to give the cloned 
repository a different name.

In the .git/hooks directory of the cloned 
repository we only see the default hooks 
and none of the custom files previously 
created proving that .git/hooks files are 
not pushed to remote.

HOOKS ARE ONLY LOCAL AND NOT 
PUSHED TO REMOTE.

A workaround for this is to create the 
hooks in working directory the create 
symbolic links in the hooks directory 
pointing to the hook files in working 
directory, However each collaborator 
must then add the symbolic links in their 
local repository.



Cleaning up the hooks in the local repository

The hooks are moved to the working directory 
and all other files deleted.

Note that there are 9 changes to commit and 
push to the remote repository.

Changes committed and pushed to remote 
repository.



Initialising Node js project 
A remote repository was created in 
github.com with the following features:
- Name: git-hooks-nodejs
- Description: Nodejs application with 

Husky and commitlint
- No README.me file

A local folder is created with the same name 
and git is initialised.

Npm is also initialised with a npm-init -y
command.

Now we see an empty directory with a .git 
directory and a package.json file.



Remote repository was added.

Master branch set to main locally.

Username set for this repository.

Email set for this repository.

Changes staged

Changes committed locally.

Local repository pushed to remote 
repository.



If we try an npm test from the terminal it returns the error message specified in the package.json file.
We need to install jest npm from the terminal with npm install -D jest command.



A gitignore file is added to exclude node-modules from synchronisation with the remote repository 
because these packages can be downloaded from npm by anyone that clones this repository.



Also packages.json has been modified to include jest so we can change the scripts to jest.



Now npm test runs with jest.



Next a folder is created called src and two js files added called sum.js and mult.js. Each file has some 
simple js code to either sum or multiply two variables a and b.



Next a folder is created called tests and a js file that has a constant of sum that has values 2 and 5 
that are passed to the src/sum.js file to get summed. The expected result is 7. When we now run 
NPM test jest will call this js file and run the test script.



If I modify the expected value to 8 and run npm test then it returns a fail.



In the tests folder a js file that has a constant of mult that has values 2 and 5 that are passed to the 
src/sum.js file to get summed. The expected result is 10. When I now run NPM test jest will call both 
js files and perform the scripts.



1) I have installed a package called pre-commit from https://www.npmjs.com/package/pre-
commit

2) I then modify the package,json file to direct the pre-commit dependency to the script tests. Note 
that this code is an array (square brackets) of all the scripts we want to run for the pre-commit.

https://www.npmjs.com/package/pre-commit


Now when I commit it runs tests script which currently has two test scripts in it.



If I modify the expected result of the sum file an then try to commit the commit fails.



If I check in the .git/hooks directory I see a new file, pre-commit which was added. This file redirects 
to ./node_modules/pre-commit/hook



The contents of the  ./node_modules/pre-commit/hook file is a bash script



Cloning remote 
repository & 
verifying pre-
commit hook
The git-hooks-nodejs local 
repository has had all changes 
committed and pushed to remote. 
(Not shown)

The git-hooks-nodejs is cloned 
from remote and named git-
hooks-nodejs-from-remote.

Note that the src, tests and json 
files are present but not the 
node_modules directory. This is 
because it is excluded in gitignore.



npm install command can be used to install the node-modules folder rather that including it in the 
git files.

Now the configured .git/hooks/pre-hooks file is present and will run the pre-commit tests as before.



// package.json

{ 

"husky": { 

"hooks": { 

"pre-commit": "npm test", 

"pre-push": "npm test", 

"...": "..."

} 

} 

}

Replace pre-commit package with Husky
The NPM pre-commit package only does pre-commit hooks 
whereas husky lets us define many more hooks such as pre-
commit, pre-push etc..

The NPM pre-commit package is uninstalled with a npm uninstall pre-commit command



Next husky 4.3.8 is installed from https://www.npmjs.com/package/husky/v/4.3.8
With npm install -D husky@4.3.8 command

https://www.npmjs.com/package/husky/v/4.3.8


Husky installs a package of additional husky hooks, which point to a husky.sh script which takes 
control of all the hooks.



The package.json file is modified to replace pre-commit with husky and define the hooks with one 
hook of pre-commit added. Now when we commit, husky runs the same test scripts as before.



If I change the mult.js file to make const mult equal to a * b * b and save this file then try and 
commit, I get a test condition failure. I know that husky is working fine.



It is possible to bypass the commit hooks using a no verify option with the command 
git commit –a –n –m “commit message” Note how husky is not triggered to perform 
any tests. We can even push these changes to the remote repository.



So if the hooks can be bypassed locally and contributors allowed to push then what is the point 
of git hooks? Well it is expected that contributors do not use the –no verify option with commit 
messages and abide by the rules specified in the hooks. Below you can see that with a no verify 
option the commit which might contain bad or unverified code has made it into the remote 
repository.

To overcome this we should add an additional layer of protection from the bad code in our 
central repository and run checks there for every pushed change or every opened pull request. 
Of course main branch and say release branch should also be protected from unauthorised 
merges.



Run linter in the pre-commit hook
I will install eslint which checks JS code as well as a couple of other packages using the command 
npm i -D eslint eslint-plugin-import eslint-config-airbnb-base 



Now the package.json file is modified to add the eslint script and saved then tested using 
npm run lint command. Note that it fails because of a missing config file and advises a 
npm init @eslint/config command.



In the scripts section of package.json I have added lint-init.

I then run npm init @eslint/config command which gives me series of questions about this project. 
Check syntax and find problems | CommonJS | Framework none | Typescript no | Code runs in node | Format is javascript.

Once setup is complete a eslintrc.js file appears in the root.



The lint script can be removed from 
package.json because it is not 
needed anymore.

The eslintrc.js file needs to be 
modified to specify airbnb-base



Now if I run lint it finds all the errors in the js files.



I have modified the pre-commit hook to run lint and then npm test.

When I try to commit I get multiple syntax errors because now it is checking the js syntax before 
allowing a commit.



Once I have fixed all the code errors identified by lint then I am able to successfully commit.



Eslint has automatic error fixing which can be configured by adding a line to the scripts. Now when 
I npm run lint-fix the –fix option auto corrects any syntax errors.



Now I can commit changes because pre-commit hook lint tests passed and two npm tests passed. 
The issue with these scripts is that for every commit they will check all files, not just the ones 
being changed in the commit.



When developing with a lot of people all having different editors, VCS applications and operating 
systems it may occur that different line endings are written by either of the mentioned.
The linebreaks (new lines) used in windows operating system are usually carriage returns (CR) 
followed by a line feed (LF) making it a carriage return line feed (CRLF) whereas Linux and Unix use a 
simple line feed (LF).

Lint line break rule workaround:

In the eslintrc.js file I have added a rule which says ignore line break rules. The reason for this is 
that I do not want to automatically fix this and convert the line breaks into unix/linux format when 
I will always be using a windows machine to read and edit the code.



Lint staged package for checks on staged files only
I will install lint staged package with npm i -D lint-staged command

Note how it is 
automatically added 
to dev dependencies



Now we want the pre-commit hook to run lint-staged script.

I have added some more lines to define the lint-staged part. I want it to check files with a .js 
extension. In an array, I configure it to run eslint and jest, but this time only run jest on staged files 
(--findRelatedTests)



Previously, package.json and package-lock.json file were modified and saved. When I commit with 
staging the output includes the message “no staged files match any configured task” This is 
because lint-staged is configured to only check .js files.



In the src folder other-file.js is created and a comment added.
When I try to commit the changes, husky starts checking but it fails at the eslint stage of the pre-
commit hook.



Eslint tells me that the file needs a new line at the end of the file.



If I correct the error and save and stage the file (not shown) I can try to commit the file. This time it 
passes the lint-staged test and jest tests and is successfully committed.



This time I have modified the sum.js file to produce a failure.

After saving the changes and staging the file when I try and commit it fails the jest test. Note how 
it only checks staged file and not all files because of the --findRelatedTests



If I correct the error and save and stage the file (not shown) I can try to commit the file. This time it 
passes the lint-staged test and jest tests and is successfully committed.



Adding post commit hook

Post commit hook added

Script added



If I stage the file (not shown) I can try to commit the file. It echos the post-commit message.



Verify commit message using commit lint
I will install commitlint package with npm i -D @commitlint/cli command from 
https://www.npmjs.com/package/@commitlint/cli

Note how it is 
automatically added 
to dev dependencies

https://www.npmjs.com/package/@commitlint/cli


commitlint rules added

Husky hook added



Committing now fails because the commit message does not follow the defined rules of comitlint.
The error message says references may not be empty. Previously we defined a reference of ISSUE-



If I add an ISSUE- number to the commit message then the commit is successful. Note the three 
configured hooks that have fired.

Pre-commit hook
No staged files match any configured task (.js files)

commit-msg

post-commit

Use npn audit fix command to fix any vulnerabilities warnings that may crop up in lint.



https://githooks.com

https://pre-commit.com

Use npn audit fix command to fix any vulnerabilities warnings that may crop up in npm.

Additional resources for learning more about hooks:

Hooks can be written in any programming language and a relevant interpreter must be used. 
Only thing to watch is the exit code – 0 for OK, any other number for NOK



Installing git | Git bash terminal | visual studio code installation | Basic shell commands ls clear pwd 
cd rm mkdir touch echo nano cat > >> autocomplete git init | git directories structure | object types 
blob tree commit annotated tag | SHA1 hash | git directory objects | Reading git object | Contents of 
git object | Git tree detail | Git commit detail | Working Area, Staging Area and Git Repository | git 
hash conflicts | author and email global and local settings | bash terminal git add commit | 
untracked modified staged unmodified untracked | git status | git cat file -p -s -t | git branches | git 
checkout | git detached HEAD | git merge 3-way fast forward | resolve merge conflicts | bash git 
merge abort | .git/refs/heads | bash main branch | tracking branches | bash git log | bash rename 
branch | bash delete branch | remote & origin repositories | bash git clone | bash git remote | bash 
git unpack objects | bash git garbage collection | visual studio code | github desktop | hithub.com | 
sourceTree | bitbucket | bash git pull | bash git push | bash git fetch | git remote prune | PAT SSH 
key | git pull requests | forked repository | pull request merge | review pull request | pull reques 
approvals | add collaborators | protected branches | git issues |git labels | sync forked repository | 
configure remote fork | bash add upstream | .git/refs/remotes | git pull from fork | pull request to 
forked | bash git tags | CI/CD | Semantic Versioning | lightweight annotated | .git/tag/refs | git push 
--tags | git rebasing | gitignore | gitignore best practices | Gitignore templates | Advanced git bash | 
log graph oneline shortlog log lg filter log by user email search string | git reset mixed soft hard | git 
amend | git cherry-pick | git reflog | git stashing | .git/refs/stash | git stash pop | bash Squashing of 
commits | Git Development workflow | Github pages | basic React application | local git hooks | pre-
commit hook | post commit hook | pre-rebasing hook | regex pre-commit hook | NodeJS and NPM 
hooks in remote repository | NPM Husky | pre-commit linters | NPM lint-staged | commit-msg-lint

Course: The Complete Git Guide: Understand and master Git and GitHub

https://www.udemy.com/course/git-and-github-complete-guide/

