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0.1 Getting started with the environment and the bash
shell interpreter

Desktop computers are usually operated from a graphical user interface (GUI),
but they have historically been interacted with by using a command inter-
preter: a sequence of commands is enter in a terminal. Since supercomputers
do not run a graphical interface, As of November 2017, 100% of the supercom-
puters listed on the Top500 run a flavour of GNU/Linux system and they are
exclusively operated without a GUI. The most common interactive command
interpreter, a shell, is bash, the Bourne Again SHell. Other shell programs
exist and offer their own scripting language: csh, tcsh, ksh, zsh. . .

The shell can be used interactively in a terminal and to run scripts: it is
a very powerful tool which allows the user to interact with all the aspects of
the system and perform tasks automatically.

This section is a basic introduction to the UNIX environment which covers:

• getting information from the system,

• navigating in directories,

• manipulating files,

• and processing text.

At first learning shell can seem difficult and may have a steep learning
curve, but in the long term it provides an elegant tool to perform tasks in a
very efficient way.

Some aspects of the interaction with the bash shell

The computer is operated by entering commands at the prompt: it is called a
command line. By convention the prompt can be set to either:

1. $ for a normal user,

2. # for an administrator.



The behaviour of commands can be modified with flags,and arguments
can be provided. For example, the following line can be entered:

$ <command> -f0 -f1 <argument0 > <argument1 >

to call the command with two flags -f0, -f1, and two arguments.

Interacting with the bash command line consists of:

• typing sequences of commands and arguments on the command line,

• auto-completion of arguments with the TAB key to expand the name of
a command or file,

• navigation in thehistoryof commands entered canbedonewithUP/DOWN
arrow keys, or searched with CTRL-R,

• built-in functions that can be used for scripting.

All commands are documented and the manual pages can be displayed
using the tools listed in Table 0.1.

Table 0.1: Basic commands: documentation

Command Description
info Display manual pages in the GNU Texinfo format.
man Displaymanual pages in the troff format.

The man utility is definitely the most important command on the system.

Basic commands to get information on the system

The command line offers several tools to get various information of the com-
puter and the users. Before using commands that perform actions, it is a
good idea to start with a few commands that will help you understand the
environment.

Open a terminal and look at the information provided by the prompt, for
example:

[aurelila@lille -login2 ~]$

and let us discuss the information presented. The first concept to understand
is that:

• you are identified by a user on a system identified by his hostname,

• this user belongs to one or more groups,

• which define the permissions you possess on the system.



Table 0.2: Basic commands: information

Command Description
df Display status of disk space on file systems.
du Summarize disk usage.
env Print environment variables.
groups Print group membership of user.
hostname Set or print name of current host system.
top Display system usage information.
uname Print name of current system.
uptime Show how long the system has been up.
which Which - locate a command and display its pathname or alias.
who Who is logged on the system.
whoami Print effective user identity.

Exercise 1. Before starting to navigate, let us inspect the work environment
using the commands listed in Table 0.2.

Open a text editor and create an empty document that you will use to
describe your steps and copy sample outputs from the terminal. From the
graphical interface save the file as unix.txt.

1. Open a terminal and inspect information about your user and the sys-
tem:

• Print your user name, the machine name (hostname).
• Use the manual page of uname to find how to print the machine

name.
• Find out to which groups your user belongs to.

2. Inspect the environment variables:

• Display the environment variables and note the value of SHELL,
PATH and HOME.

• For each of these variables, type echo $VARIABLE, this is how to
return the value of an environment variable.

• Print the current working directory and observe that it is your
home directory, i.e the value returned.

3. Find out more about resources:

• Display the time elapsed since themachinewas booted and inspect
the resources (memory, processes, disk space).

• Look at the dumanual page and determine the current disk usage
of your home directory.



Permissions

Aset of permissions can be applied to files: in theUNIXphilosophy, everything
is represented as a file (text files, directories, devices). Any file is attributed
to a user and a group.

The set is composed of three subsets describing permissions for:

1. user (u)

2. group (g)

3. others (o)

and is encoded using an octal triplet. For example, the triplet 644, will give
read/write permissions to the user, and only read permissions to the group
and others.

Table 0.3: Permissions

Type Description Octal value
r Read from the file. 4
w Write to the file. 2
x Execute the file. 1

Table 0.4: Basic commands: permissions

Command Description
chmod Change the permission set.
chown Change the user ownership.
chgrp Change the group ownership.

Exercise 2. Use the command ls -lha to list the files in the current working
directory and understand the information printed.

Basic commands to navigate on the system

The set of commands essential to navigate in a terminal is small but provides
many possibilities.
Exercise 3. Now that you are familiar with your system, let us navigate and
create directories/files.

• Create a directory named TMA4280 and move inside it.

• Create a directory named shell and move inside it.

• Find your unix.txt file and copy it to the current directory.



Table 0.5: Basic commands: navigation

Command Description
cd Change working directory.
cp Copy files.
find Find files in the directory hierarchy.
ls List contents of directory.
mkdir Make directories
mv Move files.
pwd Print working directory name.

rm, rmdir Remove (directory) entries.
touch, settime Change file access and modification times.

• Move one level up (two options possible) and create a directory named
prog.

• Move one level up again and type the command ls -lha, inspect the
different folders.

• Open the manual pages of chown, chgrp and chmod: which one should
you use to change the read permission of others?

• Create a README file using the command touch.

Table 0.6: Basic commands: text utilities

Command Description
awk Pattern scanning and processing language.
cat Concatenate and display files.
grep Search a file for a pattern.
more, less Display text content with pagination.
sed Stream editor for text manipulation.

Table 0.7: Basic commands: pipes and redirections

Command Description
| Pipe operator.
> Redirection.
< Redirection.

Exercise 4. Just introducing a few concept for text and file manipulation:

• Enter the shell directory and create a cat subdirectory.



• Create three files named 1.txt, 2.txt and 3.txt andwrite the text foo,
bar and braz into them using echo.

• Concatenate the content of the three files into the file all.txt.

• Display it in a pager.

• Together let us use the different utilities to search and replace text in
these files: substitute brazwith babar.

0.2 Development tools
During this course, only the make tool, compilers, and the GIT tool will be
used for the sake of simplicity.

Revision control system

In this section, wewill use the GIT revision control system tool to create a local
repository and push it to Github. You need to create an account on GitHub
to be able to create source code repositories.

Motivations and goal

The rational behind revision control systems is that the history of code devel-
opment should be kept to understand the evolution of the software, and that
several individuals should be able to work on the same code base simultane-
ously. A collection of files managed by a revision control system is called a
repository.

The source repository consists of a tree of files: source code, build tools,
documentation, . . . The history of changes to this collection of files will be
kept and represented as a sequence of changesets: any changeset contains the
modification to the files. A new changeset is created any time, you commit the
modifications.

To allow simulaneous work on the code, the notion of branch should be
introduced. By default, a branch name master is created: you can create a new
branch towork on your own version of the code, thenmerge themodifications
at a later stage.
Exercise 5. Create an account on GitHub then create a repository named
TMA4280: this repository will contain your files. Add all the files you created
in the project directory and upload them to the remote repository.



Reference

Initialize a repository

git init

Clone a repository

git clone <repository_location >

Create a branch

git checkout -b <branch_name >

Checkout file from other branch if necessary

git checkout <branch_name > -- <paths>

Synchronize feature branch with master

git checkout <my_branch_name >
git pull --rebase origin master

Cleanup commit history before merge
WARNING: Don’t cleanup history if more than one person works on the

branch!
Find the number of last commits to be reordered with:

git log

Then:

git rebase -i HEAD~n

with n the number of commits to be treated (until now nothing is modified),
or until the commit with given hash.

git rebase -i hash

Use the following commands to change to first keyword

# Commands:
# p, pick = use commit
# r, reword = use commit, but edit the commit message
# e, edit = use commit, but stop for amending
# s, squash = use commit, but meld into previous commit
# f, fixup = like "squash", but discard this commit's log message
# x, exec = run command (the rest of the line) using shell

Using squash (’s’) merges commits together.
Possibly use this command to change the last commit message

git commit --amend

Cleanup master branch locally



git pull --rebase origin master
git reset --hard

Fetch all the branches from the remotes

git fetch --all

Pick specific commits from any branch

git cherry-pick <commit_hash >

Remove untracked files from working directory

git clean -f -d

Adding a reference to a bug
Add a keyword and the ID in the commit message, like:

git commit -m "This is nice commit message"

• Compiler commands and options vary across systems and depend on
the programming language,

• Binaries are created in three main stages: the source code is pre-
processed (ex: cpp), then compiled into objects (ex: cc) and finally
linked into a library or executable (ex: ld).

C Programming

Table 0.8: Data types

Type Description
char Signed or unsigned integer stored on 8 bits, a byte.
short Integer of a least 16-bit long.
int Integer of a least 16-bit long, usually 32-bit long.
long Integer of a least same size as int, usually 32-bit long.
float Single precision floating-point number of size 32 bits
double Double precision floating-point number of size 64 bits

Integer types can be signed or unsigned.
Exercise 6. Let us create our first program, the famous “Hello world!”:

1. Go to the progs directory and create a hello0 subdirectory.

2. Create a main.c file, implement a program printing Hello world! in C
using the printf.

3. Compile and execute it.



Table 0.9: Control flow statements and loops

Name Description
if { condition } ( ...) Conditional.

if { condition } ( ...) else ( ...) Conditional.
for (pre;condition;post) { ...} Loop.
while (condition) { ...} Loop.
do { ...}while (condition) Loop.

switch (variable) { case value: body; break; ...} Switch between cases.

• We only have a single source file.
• We can then do the compilation and linking in a single command.

gcc -o hello hello.c

• We might want to turn on compiler optimizations.

gcc -o hello hello.c -O2

• We might want to include debugging info.

gcc -o hello hello.c -g

4. Copy the directory to hello1, create a header and source file to separate
the implementation from the main file: list the commands required to
build the program and write a Makefile.

gcc -c -o hello.o hello.c
gcc -c -o utils.o utils.c
gcc -o hello hello.o utils.o

5. Modify the program to print Goodbye world! depending on an in-
put argument, then add support for a number of times the message
should be printed using int ntimes = atoi(argv[1]); to convert the
argument.

6. Copy the directory to hello2, modify the Makefile to create a static
library and link.

• We first link the printing functions into a library

gcc -c -o hello_utils.o hello_utils.c
gcc -c -o goodbye_utils.o goodbye_utils.c
ar r libutils.a hello_utils.o goodbye_utils.o



• Then we build the program.

gcc -c -o main.o main.c
gcc -o hello main.o libutils.a

Table 0.10: Main function

#include <stdio.h>

int main(int argc, char **argv)
{
return 0;

}

Small programming exercises

Exercise 7. Matrix-Vector product. Implement a C/C++ program that computes
y � Ax.

A �
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1.0
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Two versions possible.
Exercise 8. Vector sum. Implement a C/C++ program that creates three real
vectors x , y , z, one real number α and computes z � αx + y for given x and y
(double-precision). First use a fixed-size of 10 then implement a version with
dynamic size.
Exercise 9. Dot product. Implement a C/C++ program that creates two real
vectors x , y ∈ RN and one real number α and computes α �

∑N
i�1 xi yi for

given x and y (double-precision).


