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TMA4280 · Introduction to UNIX environment and tools

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 2016, 100% of the supercom-
puters listed on the Top500 run a flavour of UNIX: 498 GNU/Linux systems
and 2 UNIX systems. The most common interactive command interpreter, a
shell, is bash, the Bourne Again SHell.

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.

Several aspect of the interaction with the bash shell:

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

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

• navigation in thehistoryof commands entered canbedonewithUP/DOWN
arrow keys,

• history of commands can be inspected or searched with CTRL-R,

• built-in functions can be used for scripting.

All commands are documented and the manual pages can be displayed
using commands listed in Table 0.1. The man utility is certainly the most
important command.

Exercise 1. Before starting to navigate, let us inspect the work environment
using the commands listed in Table 0.2. Open a text editor: you will use this
document to describe your steps and copy sample outputs from the terminal.



Table 0.1: Basic commands: documentation

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

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.

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.



Table 0.3: 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.

Exercise 2. 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.

• 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 fields.

• Open the manual pages of chown, chown and chmod: how are these
commands useful?

• Create a README file using the command touch.

Table 0.4: 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.

Exercise 3. 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.



Table 0.5: Basic commands: pipes and redirections

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

• 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.

0.2 Build and development tools
During this course, only the make tools and compilers will be used for the
sake of simplicity.

• 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 0.6: 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

Types can be signed or unsigned.
Exercise 4. 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.



Table 0.7: 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.

3. Compile and execute it.

• 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 0.8: Main function

#include <stdio.h>

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

}

Small programming exercises

Exercise 5. Matrix-Vector product. Implement a C/C++ program that computes
y � Ax.
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Two versions possible.
Exercise 6. 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 7. 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).

0.3 Revision control system
In this section, we will use the GIT revision control system tool to create a
local repository and push it to Github.


