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Les Pounder is a maker and hacker specialising in the 
Raspberry Pi and Arduino. Les travels the UK training 
teachers in the new computing curriculum and Raspberry Pi.

Where can I find the completed code?

I've made the code for this project publicly available via 
Github. For those that are familiar with Github you can 
clone the repository at https://github.com/lesp/LinuxVoice_
Biscuit_Security or for those unfamiliar you can download 
the archive as a zip file from https://github.com/lesp/
LinuxVoice_Biscuit_Security/archive/master.zip

    elif distance < 10:
     print("Biscuit thief has struck again, deploy 
ill-tempered jack russell terrier")
So far our code is just outputting the responses to the 
console which is good but not great. So how can we 
make our project great? A great user interface will help 
users to quickly use the project.

So where do we need a user interface in our 
project? First of all a cool splash page that shows off 
the Linux Voice logo and what the project is all about. 
After that we need three dialog boxes, one for each of 
the inputs, that will respond to any of the triggers that 
may occur when our biscuit thief strikes. 

Coding our splash screen
Using EasyGUI we need to replace the system starting 
text with a custom splash screen. To do that we need 
to create a folder called Images and download the 
Linux Voice logo (these files are included in the project 
files from GitHub). So in our code we first need to add 
one more variable in the form of:
logo = "./Images/masthead.gif"

And a list that contains the possible responses to a 
simple yes, no question.
activate = ["Yes","No"]

With those additions made, our focus turns to the 
welcome message that we earlier coded:
print("Welcome to the LV Biscuit Barrier - System Loading 
Please Wait")
time.sleep(2)
print("Scanning for intruders")

We can replace it with:
splash_title = "Linux Voice Biscuit Security System V2"
splash_msg = "Would you like to protect the biscuits?"
start = buttonbox(title=splash_title,image=logo,msg=splash_
msg,choices=activate)

So we have a title in the form of the variable 
splash_title for our dialog box, and a question for our 
users in the form of splash_msg. The potential 
answers are stored in the list activate and this answer 
is saved as a variable start, which we will use in the 
next piece of code.

Our focus now shifts to line 58 of the code, which is 
the start of an if...else statement. We use the answer 
to the splash question to drive the activation of the 
project. If the user answers yes, then the main body of 
code is run; else if the user answers no, then the 
program exits:
Line 58
if start == "Yes":
…

Line 74
else:
 print("EXIT")

Next we create three dialog boxes that will handle 
the reporting of incursions in our project. Our three 
triggers are a PIR sensor, a reed switch and an 
ultrasonic sensor, and we created three conditions in 
our code that look like this:
   #First condition this handles the PIR sensor being tripped
    if GPIO.input(PIR_PIN) == True:
        print("Motion Detected near the biscuits")
     time.sleep(1)
    #Second condition handles the reed switch being triggered by 
our magnetic biscuit tin lid
    elif GPIO.input(reed) == True:
        print("Biscuit tin has been opened CODE RED!!!")
     time.sleep(1)
    #Our third and final condition uses the output from the ultra() 
function to tell us if the thief's hand is less than 10 cm away
    elif distance < 10:
     print("Biscuit thief has struck again, deploy ill 
tempered jack russell terrier")

For each we used a simple print function to handle 
the reporting, but instead of this let's use a GUI dialog 
box. So for: 
print("Motion Detected near the biscuits")
print("Biscuit tin has been opened CODE RED!!!")
print("Biscuit thief has struck again, deploy ill tempered jack 
russell terrier")

Replace with:
msgbox(title="Motion Detected", msg="--ALERT-- I have 
detected movement")
msgbox(title="Biscuit tin has been opened CODE RED!!!", 
msg="--ALERT-- I have detected that the tin has been opened")
msgbox(title="Hand in the biscuit tin", msg="--ALERT-- Biscuit 
thief has struck again, deploy ill tempered jack russell terrier")

We can see that the msgbox function has a simple 
syntax, and that it needs a title for the dialog box and a 
message to report to the user.

We have learnt how three different types of input 
work, how they are wired up to our Raspberry Pi and 
how we can create a Python program that will enable 
us to track down our biscuit thief. Yum!  

Version 2 uses EasyGUI 
to create a simple user 
interface that's a lot 
friendlier to use.
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Markdown is just one of many plain text 
markup systems available as Free Software 
(we’ll return to that definition in a moment).  

Writing in Markdown is simple enough to understand, 
but the real challenge behind Markdown is in 
understanding why it was created, why it can be good 
for you, and above all, how to change your writing and 
publishing habits in order to get the greatest 
advantage from it.

If you don’t regularly create significant amounts of 
text of whatever nature, from poetry to company or 
parish newsletters, Markdown will be of little or no 
relevance for you. But if you do, or even if you just edit, 
manage and publish texts written by others, 
Markdown can be a real blessing, for two big reasons. 

The first Markdown goal is to separate content 
from formatting as much as possible, to save time 
and concentration. After decades of word processing, 
and seeing too many “professionally formatted” texts 
looking horrible on the Web or in our smartphones, we 
have all learned that all too often, many of the 
functions in traditional office suites produce just a big 
waste of time and energy. We obsess ourselves with 
fonts, margins and similar formatting details instead 
of just writing clearly. Then, much of that effort goes 
down the drain every time somebody loads what we 
wrote into another program, or on a small screen.

The second, even bigger rationale for Markdown 
may be summarised with the slogan “Write once, 
publish anywhere”. In other words, the simpler your 
initial format is, the easier it will be to reuse your 

content, automating as much as possible of the work. 
To really understand how and why Markdown is great, 
we have to remember the implications of the current 
“What You See is What You Get” (WYSIWYG) 
paradigm. In order to give you WYSIWYG, modern 
word processors automatically add tons of data and 
instructions to all the files they save in their native 
formats, and these instructions often aren’t all that 
portable between formats. The result is more things 
that could go wrong whenever something changes, 
more temptation to make things look “just right” 
manually, and more work to move from one format to 
the other, eg from OpenDocument to HTML or PDF.

Separate style and substance
A plain text file, instead, is a file that contains only the 
bytes corresponding to the actual letters, punctuation 
and typographic “operators” – that is spaces, tabs and 
newlines – that we type into it using a text editor. 
Such files sure don’t look as pretty on screen as the 
pages of commercial magazines, but we should learn 
not to care. They are extremely portable and, 
consequently, much more future-proof than any other 
alternative. They also avoid distractions: the less eye 
candy you can add or see, the more you are forced to 
ask yourself if what you wrote IS worth reading.

Very often, however, the deliberate limitations of 
plain text files may hurt the clarity and readability of 
your writing. Structures and properties like 
indentation, lists, typefaces or embedded images do 
make text easier to understand, don’t they? The 
solution is to express them by marking the text up by 
adding normal characters with a special meaning, 
called markers or, more frequently, tags. Let’s take the 
italic typeface as an example – a markup user would 
never apply it by selecting text and then clicking on 
some “italic” button, or menu entry. They would, 
instead, adopt a convention like “//all text between a 
couple of slashes is meant to be italic//” and then just 
type (and see on screen or paper!) those extra 
characters, every time italic is needed. Primitive and 
ugly? Maybe, but also extremely efficient.

Markdown, finally
After this long, but absolutely necessary introduction, 
we can finally define what Markdown is, and how to 
use it. First, it’s a set of rules to mark up plain text, 
defined by John Gruber in 2004. See the “Flash 
introduction to Markdown syntax” box for some 

MARKDOWN: WRITE ONCE, 
PUBLISH ANYWHERE
Stop wasting time with word processors and follow the Markdown 
way to future-proof your words.
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WHY DO THIS?
•  We produce more and 

more text every year, 
and never know how it 
will be reused.

•  Even Free Software can 
become obsolete, but a 
source format as simple 
as Markdown will always 
remain usable.

•  If you produce lots of 
text, your productivity 
will increase. Trust us.

You never know when 
you will need to republish 
something you wrote – so 
why not use a multi-output 
source format right from 
the beginning?

MARCO FIORETTI
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examples. Second, it’s the software that converts that 
text to whatever target format its users need in any 
given moment.

The basic Markdown syntax, and all the programs 
written for it, were conceived for the web, to define 
and generate basic HTML. Very soon after the 
appearance of Markdown, however, other developers 
created syntax extensions and corresponding 
applications to make it possible to convert Markdown 
into ODF, Latex and more. Let’s look at the basics first, 
however. 

Markdown was designed to satisfy two non-
negotiable criteria; efficiency and, above all, readability. 
If you ask your browser to show you the source of any 
web page, you will immediately remember that the “M” 
in HTML means just that: “Markup”. The problem is 
that writing and reading raw HTML markup is tiring, 
error-prone and time consuming. By contrast, the 
main rule in Markdown is that any text formatted with 
it should be easily readable as-is, even by people who 
have never even heard of Markdown. As many 
advocates of this method say “the single biggest 
source of inspiration for Markdown’s syntax is the 
format of plain text email”.

To favour readability, all Markdown tags consist of 
punctuation characters, chosen to look as unintrusive 
as possible. The idea is to write Web-ready content 
faster, not to insert HTML tags faster. By deliberate 
choice, tags are defined only for that very small 
subset of HTML that corresponds to properties or 
operations applicable to raw text. For any other 
markup, from page backgrounds to navigation menus, 
you are supposed to use HTML (In practice, as we will 
see shortly, there are ways to not perform such 
operations manually in many cases).

In a Markdown file (the standard extension is .md) 
you can switch from Markdown to full HTML and back 
at any moment, without problems. The only restriction 
is for block-level elements – that is, practically every 

long block of HTML that corresponds to one object 
(eg a table, or one preformatted chunk of source 
code), and as such is enclosed by a matching pair of 
tags, like <table> and </table>. Inside .md files, such 
elements must be preceded and followed by blank 
lines, and their enclosing tags cannot be indented with 
tabs or spaces.

The Markdown flow
In the real world, a complete Markdown-based 
publishing flow will have at least these three phases:
1   Generate your text with all the required Markdown 

tags.
2   Run the converter that generates the HTML version 

(or other formats, if needed) of your work.
3   “Publish” that version, that is send it by email to 

whoever may need it, put it online and so on.
Can you see the efficiency, power and flexibility, in 

one word: the freedom embedded in a flow like this? 
No? Don’t worry, here it is: there is no need to perform 
those operations all on the same computer, all by the 
same person, or manually, or all at once. As far as 
phase 1 is concerned, any text editor, on any operating 
system, can be used to write Markdown (or to update 
Markdown files that somebody else wrote 10 years 
ago). And if you’re using a halfway decent editor, it will 
surely have a Markdown syntax highlighting mode. If 
you wanted to publish the log files from your server, 
your email archive or any other body of plain text, you 
could write a script that converts everything to 
Markdown, and make the whole flow automatic.

Phases 2 and 3 can be very easily delegated to a 
cron job, and often should be. There is also no 
problem if years pass between one phase and the 
next. Everything you produce with a system like 
Markdown is, by definition, reusable in ways that you 
may not even know that you’ll need one day. For 
example, suppose next year some blog invites you to 
republish stuff you wrote in 2008. If that stuff is in 
Markdown format, and the webmaster is willing to 

83

Documentation
Cheatsheets? Yes, a good, detailed cheatsheet is all you 
will need to get started with Markdown after reading this 
tutorial. Don’t ask us for one, however. Search for them 
online and you’ll find plenty, in all possible formats from 
Markdown (of course!) to desktop wallpapers. Once you 
have learned Markdown, study the practical YAML tutorial 
at http://rhnh.net/2011/01/31/yaml-tutorial.

Before that, however, we suggest you read the post 
www.terminally-incoherent.com/blog/2012/05/25/
Markdown-for-muggles, which is a funny encouragement 
to use Markdown. Another article to read before starting 
is ‘Thoughts on Markdown’ (www.leancrew.com/all-
this/2010/10/thoughts-on-markdown). On a more technical 
level, other useful resources are the man page ‘pandoc_
markdown’, which explains the differences between basic 
Markdown and its Pandoc superset, and the lists at  
https://github.com/jgm/pandoc/wiki/Pandoc-vs-
Multimarkdown. That wiki page thoroughly compares the 
two extended converters feature by feature, starting with 
the input and output formats they support.

This is the power of the 
Markdown flow: once 
you have written the 
source, you can repeat the 
conversion and publishing 
steps as many times you 
want.

PRO TIP
Even if you decide to not 
use Pandoc to generate 
the output formats 
of your Markdown 
documents, study and try 
it a few times. If nothing 
else, it may help you to 
convert all your text files 
to Markdown, even if 
they are in Microsoft or 
OpenDocument formats.

Write

Convert

Publish

No problem!

STOP Need another  
format?
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install the Markdown QuickTags plugin for WordPress, 
all you’ll need to do is copy and paste your Markdown 
sources in the WordPress form. Please stand back one 
moment in silence with us, to appreciate the 
awesomeness of it all!

A practical example
Here’s a simple Markdown source file snippet that 
mixes both HTML code (in this case for a navigation 
menu, not the actual content!) and Markdown: 
<!-- Navigational markup -->
<ul class=”nav”>
<li<a href=”./”>Home</a></li>
<li><a href=”contact/”>About</a></li>
<li><a href=”contact/”>Contact</a></li>
</ul>

“...MultiMarkdown provides an easy way to share formatting 
between all of my devices. It’s easy to learn (even for us mortals) 
and immediately useful.”
> --- David Sparks, [MacSparky.com](http://MacSparky.com/)

## Why Markdown and MultiMarkdown?
Because life is too short to waste it *formatting* text, instead of
just **writing it**.

The image below shows the full HTML version 
generated by any Markdown converter, and the image 
on the facing page shows the way it looks inside a 
web browser. See what we meant? Even without 
detailed explanations, or having a cheatsheet handy, 
both the original plain text and what is eventually 
shown by a browser are much more readable than the 
HTML.

Images and hyperlinks
One image is worth a thousand words, or so they say, 
but how do we handle them in plain text files? The 
answer is “With a little bit of care”. You can tell your 
your Markdown converter to insert in the target file the 
HTML code that displays an image using this syntax:
![Here you should see an image](/path/to/img.jpg “This is the 
image title”)

This combines three strings: alternative text for 
textual browsers, a path to the image, and the image 

title. The problem, of course, is that this will generate 
enough HTML to display your image, but not enough 
to align, frame and size it just as you wish. There are 
two solutions here. One is to not use Markdown for 
images, but actual HTML, with all the options you may 
need:
<img src=”/path/to/img.jpg” width=”95%” alt=”Here you should 
see an image”

A much smarter way to go is to write plain 
Markdown, and then pre-process your sources with 
an extra script that replaces all the Markdown image 
tags with equivalent ones in HTML, all with the same 
settings, CSS classes and so on.

As far as hyperlinks are concerned, the syntax itself 
is very simple:
This is [an example](http://example.com/ “Title”) inline link.
This is [an example][id] reference-style link.

The first line shows how to define links to a generic 
web page: you put the URL inline between the string 
that will become clickable text (the part in square 
brackets) and the title that will appear when a user 
puts the mouse pointer over the link. Reference-style 
links are much more interesting, at least for frequently 
used URLs. The second square bracket is a pointer to 
the complete definition of the URL that goes there, 
which will have this format:
[id]: http://example.com/ “Optional Title Here”
and can be anywhere in the Markdown file! This 
means that you can write your own list of frequently 
used URL aliases, all in one file, and then append it 
with a script to all the Markdown sources that need 
any of those URLs!

Templates and metadata with YAML
Markdown is good, and powerful. Adding metadata to 
it makes it much more powerful. How? A very 
common way to do it is by using YAML (which is 
another of those annoying recursive acronyms – this 
one stands for “YAML Ain’t Markup Language”). This is 
an open standard, designed to store generic, 
structured textual data just like XML, but in a way 

This is what the Markdown syntax looks like in a text 
editor. Marked text is coloured to make it even more 
readable, while embedded HTML code is left as is.

The HTML code generated 
converting the Markdown 
source of our snippet.

PRO TIP
Whatever Markdown 
converter you choose, you 
shouldn’t use it directly at 
the prompt. Instead, write 
a shell script that will call 
it automatically and save 
a log file somewhere. This 
will greatly reduce the 
possibility of mistakes, 
and make you work even 
faster.
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that’s much more easily readable and editable by 
humans. YAML metadata is usually placed in a 
separate frontmatter, at the very beginning of a 
Markdown file, between two lines containing three 
dashes each: 
Title: My first Markdown/YAML post
date : 2014-08-01
categories: Free Software, Blogging, Open Standards

Please note that this is a very trivial example of 
YAML. As simple as it looks, YAML can store many 
types of data, from lists and abstracts to associative 
arrays. There are plenty of free Software parsers that 
can process it, or generate YAML frontmatter from 
many sources. Used together, YAML and Markdown 
can handle large amounts of text in a way that is very 
easy to use, but also very powerful.

Markdown editors and converters
As we already said, any halfway decent editor will 
make your Markdown source files even more 
readable, thanks to syntax highlighting.  When it 
comes to conversion, there are many choices. You 
can even generate HTML from Markdown sources 
when working on somebody else’s computer, by using 
the official online tool, called Dingus (https://
daringfireball.net/projects/markdown/dingus) or one 
called Dillinger (http://dillinger.io), which you can even 
install on your own server.

On a Linux desktop, you can use the original 
converter, a Perl script called markdown.pl, or more 
advanced tools like Pandoc (http://johnmacfarlane.
net/pandoc) or Multiple Markdown (MMD, http://
fletcherpenney.net/multimarkdown). They are all 
command line tools, well suited for automation, and 
relatively simple to use. Basically, you pass them the 
input file (or the Standard Input) and the name of the 
output file in which they should save the result. The 
differences are in the number of input and output 

formats supported, and in the set of Markdown tags 
they recognise and can process. Therefore, there is no 
“best converter”. You must figure out by yourself 
which one best matches your taste or, more 
importantly, the type of documents you must write. 
The original converter, for example, only accepts basic 
Markdown and outputs HTML. Pandoc, instead, is a 
generic tool that can also be used to convert to the 
Markdown format Web pages or many other 
documents.

Pandoc defines extra Markdown tags to handle, 
among other things footnotes, tables, flexible ordered 
lists, automatic tables of contents, embedded Latex 
formulas, citations, and markdown inside HTML block 
elements. When you run the converter, multiple input 
files are concatenated automatically. Pandoc can 
even accept URLs as input files! Output goes to 
stdout by default, except for complex formats like 
OpenDocument or ePUB. In this way, it’s also possible 
to generate PDF files directly from Markdown. 

The other most useful features of Pandoc are the 
command line options that tell it to place the content 
of external files, for example SEO keywords, in the 
header of the HTML output, or at the end of a page.

MMD is another pair of Markdown syntax superset 
and associated converter. It is optimised for handling, 
among other things, tables, footnotes, citations, 
internal cross-references and equations. Cross-
references, for example, work in this way:
[This string will point to an internal link][mylink]
## This is where I will end up when clicking on the string above 
[mylink]

MMD can also convert Markdown sources to Latex, 
which is the basis for professional-quality PDFs, with 
its auxiliary tool mmd2tex. Other, extremely important 
output formats supported by MMD are 
OpenDocument and OPML, the standard used in the 
Fargo 2 blogging platform.  

Marco Fioretti is a Free Software and open data campaigner 
who has advocated FOSS all over the world.

Flash introduction to Markdown syntax
Warning! This is very far from being a complete description 
of the Markdown syntax. We only want to whet your 
appetite by showing how easy it is to create structured, yet 
highly readable plain text using Markdown. Besides, even 
if we had enough space, it would make no sense to give 
you a complete syntax primer here. The whole format is so 
simple, and already completely documented in countless 
cheatsheets that it would make no sense to copy it here:
*Single asterisks (or underscores) enclose italic text*
**Couple of asterisks, instead, mean “bold!”**

Headers can be marked in two ways. The simplest is this:
# Level 1 header #
 ## Level 2 header ##

Numbered lists:
1. Foo
2. Bar

Unordered lists:
 *   first list item
 *   another list item

> Block quotes work just like in email.
> Put a “>” sign at the beginning of
> each of their lines.

The final result: fully 
standard code that any 
browser will render without 
problems, with a structure 
perfectly matching the 
original Markdown file. 

PRO TIP
Markdown is great and 
may be a good reason 
to change text editor, 
if your favourite one 
doesn’t highlight its tags 
properly. We suggest you 
try multiplatform editors 
if you haven’t already, as 
they allow you always to 
work in the same way!
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Hate mail, personal insults, death threats – 
Lennart Poettering, the author of Systemd, is 
used to receiving these. The Red Hat 

employee recently ranted on Google+ about the 
nature of the FOSS community (http://tinyurl.com/
poorlennart), lamenting that it’s “quite a sick place to 
be in”. In particular, he points to Linus Torvalds’s highly 
acerbic mailing list posts, and accuses the kernel 
head honcho of setting the tone of online discussion, 
making personal attacks and derogatory comments 
the norm.

But why has Poettering received so much hate? 
Why does a man who simply develops open source 
software have to tolerate this amount of anger? Well, 
the answer lies in the importance of his software. 
Systemd is the first thing launched by the Linux kernel 
on most distributions now, and it serves many roles. It 
starts system services, handles logins, executes tasks 

at specified intervals, and much more. It’s growing all 
the time, and becoming something of a “base system” 
for Linux – providing all the plumbing tools needed to 
boot and maintain a distro.

Now, Systemd is controversial for various reasons: 
it eschews some established Unix conventions, such 
as plain text log files. It’s seen as a “monolithic” project 
trying to take over everything else. And it’s a major 
change to the underpinnings of our OS. Yet almost 
every major distribution has adopted it (or is about 
to), so it’s here to stay. And there are benefits: faster 
booting, easier management of services that depend 
on one another, and powerful and secure logging 
facilities too.

So in this tutorial we’ll explore Systemd’s features, 
and show you how to get the most out of them. Even 
if you’re not a fan of the software right now, hopefully 
at least you’ll feel more comfortable with it by the end.

LINUX 101: GET THE MOST 
OUT OF SYSTEMD
It’s mightily controversial – but Systemd is here to stay.  
Learn how to use its features, and (maybe) learn to love it too…

 TUTORIAL
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WHY DO THIS?
•  Understand the big 

changes in modern 
distros.

•  See how Systemd 
replaces SysVinit.

•  Get to grips with units 
and the new journal.

This tongue-in-cheek 
animation at http://tinyurl.
com/m2e7mv8 portrays 
Systemd as a rabid animal 
eating everything in its 
path. Most critics haven’t 
been so fluffy.

MIKE SAUNDERS

Almost every major distro has either adopted 
Systemd, or will do so in the next release (Debian and 
Ubuntu). In this tutorial we’re using a pre-release of 
Fedora 21 – a distro that has been a great testing 
ground for Systemd – but the commands and notes 

should be the same regardless of your distro. That’s 
one of the plus points of Systemd: it obviates many of 
the tiny, niggling differences between distros.

In a terminal, enter ps ax | grep systemd and look at 
the first line. The 1 means that it’s process ID 1, ie the 
first thing launched by the Linux kernel. So, once the 
kernel has done its work detecting hardware and 
organising memory, it launches the /usr/lib/systemd/
systemd executable, which then launches other 
programs in turn. (In pre-Systemd days, the kernel 
would launch /sbin/init, which would then launch 
various other essential boot scripts, in a system 
known as SysVinit.)

Taking control
Central to Systemd is the concept of units. These are 
configuration files with information about services 
(programs running in the background), devices, mount 
points, timers and other aspects of the operating 
system. One of Systemd’s goals is to ease and 
simplify the interaction between these, so if you have 
a certain program that needs to start when a certain 
mount point is created when a certain device gets 
plugged in, it should be considerably easier to make all 
this work. (In pre-Systemd days, hacking all this 
together with scripts could get very ugly.) To list all 
units on your Linux installation, enter:

BOOTING AND SERVICES1
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systemctl list-unit-files
Now, systemctl is the main tool for interacting with 

Systemd, and it has many options. Here, in the unit 
list, you’ll notice that there’s some formatting: enabled 
units are shown in green, and disabled are shown in 
red. Units marked as “static” can’t be started directly 
– they’re dependencies of other units. To narrow 
down the list to just services, use:
systemctl list-unit-files --type=service

Note that “enabled” doesn’t necessarily mean that a 
service is running; just that it can be turned on. To get 
information about a specific service, for instance GDM 
(the Gnome Display Manager), enter:
systemctl status gdm.service

This provides lots of useful information: a human-
readable description of the service, the location of the 
unit configuration file, when it was started, its PID, and 
the CGroups to which it belongs (these limit resource 
consumption for groups of processes).

If you look at the unit config file in /usr/lib/
systemd/system/gdm.service, you’ll see various 
options, including the binary to be started (ExecStart), 
what it conflicts with (ie which units can’t be active at 
the same time), and what needs to be started before 
this unit can be activated 
(the “After” line). Some 
units have additional 
dependency options, 
such as “Requires” 
(mandatory 
dependencies) and 
“Wants” (optional).

Another interesting option here is:
Alias=display-manager.service

When you activate gdm.service, you will also be 
able to view its status using systemctl status 
display-manager.service. This is useful when you 
know there’s a display manager running, and you want 

87

“Systemd eschews some 
established Unix conventions, 
such as plain text log files.”

Use systemctl status, 
followed by a unit name, to 
see what’s going on with a 
service.

PRO TIP
By default, systemctl 
assumes that you’re 
referring to services when 
issuing commands, so 
you can omit the .service 
bit in most cases. For 
instance, instead of 
entering systemctl status 
gdm.service you can just 
use systemctl status 
gdm. The same applies 
to stopping and starting 
services.

Timer units: replacing Cron
Beyond system initialisation and service management, 
Systemd has its fingers in various other pies too. Notably, it 
can perform the job of cron, arguably with more flexibility (and 
an easier to read syntax). Cron is the program that performs 
jobs at regular intervals – such as cleaning up temporary files, 
refreshing caches and so forth.

If you look inside the /usr/lib/systemd/system directory 
again, you’ll see that various .timer files are provided. Have 
a look at some of them with less, and you’ll note that they 
follow a similar structure to the .service and .target files. The 
difference, however, lies in the [Timer] section. Consider this 
example:
[Timer]
OnBootSec=1h
OnUnitActiveSec=1w

Here, the OnBootSec option tells Systemd to activate the 
unit 1 hour after the system has booted. Then the second 
option means: activate the unit once a week after that. There’s 
a huge amount of flexibility in the times that you can set – 
enter man systemd.time for a full list.

By default, Systemd’s accuracy for timing is one minute. 
In other words, it will activate the unit within a minute of the 
time you specify, but not necessarily to the exact second. 
This is done for power management reasons, but if you need 
a timer to be executed without any delay, right down to the 
microsecond, you can add this line:
AccuracySec=1us

Also, the WakeSystem option (which can be set to true or 
false) defines whether or not the timer should wake up the 
machine if it’s in suspend mode. 
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to do something with it, but you don’t care whether it’s 
GDM, KDM, XDM or any of the others.

Target locked
If you enter ls in the /usr/lib/systemd/system 
directory, you’ll also see various files that end in  
.target. A target is a way of grouping units together so 
that they’re started at the same time. For instance, in 
most Unix-like OSes there’s a state of the system 
called “multi-user”, which means that the system has 
booted correctly, background services are running, 
and it’s ready for one or more users to log in and do 
their work – at least, in text mode. (Other states 
include single-user, for doing administration work, or 
reboot, for when the machine is shutting down.)

If you look inside multi-user.target, you may be 
expecting to see a list of units that should be active in 
this state. But you’ll notice that the file is pretty bare 
– instead, individual services make themselves 

dependencies of the target via the WantedBy option. 
So if you look inside avahi-daemon.service, 
NetworkManager.service and many other .service 
files, you’ll see this line in the Install section:
WantedBy=multi-user.target

So, switching to the multi-user target will enable 
those units that contain the above line. Other targets 
are available (such as emergency.target for an 
emergency shell, or halt.target for when the machine 
shuts down), and you can easily switch between them 
like so:
systemctl isolate emergency.target

In many ways, these are like SysVinit runlevels, with 
text-mode multi-user.target being runlevel 3, 
graphical.target being runlevel 5, reboot.target being 
runlevel 6, and so forth.

Up and down
Now, you might be pondering: we’ve got this far, and 
yet we haven’t even looked at stopping and starting 
services yet! But there’s a reason for this. Systemd 
can look like a complicated beast from the outside, so 
it’s good to have an overview of how it works before 
you start interacting with it. The actual commands for 
managing services are very simple:
systemctl stop cups.service
systemctl start cups.service

(If a unit has been disabled, you can first enable it 
with systemctl enable followed by the unit name.  
This places a symbolic link for the unit in the .wants 
directory of the current target, in the /etc/systemd/
system folder.)

Two more useful commands are systemctl restart 
and systemctl reload, followed by unit names. The 
second asks the unit to reload its configuration file. 
Systemd is – for the most part – very well 
documented, so look at the manual page (man 
systemctl) for details on every command.

The unit configuration 
files might look foreign 
compared to traditional 
scripts, but they’re not 
hard to grasp.

PRO TIP
Xxxxx xxx xxx xx xxxx xxx 
xx xxx xx xxxx xxx xxx xxx 
xx xxxx xxx xx xxx xx xxxx 
xxx xx xxx xx xxxx xxx xx 
xxx xx xxxx xxx xx xxx xx 
xxxx xxx xx xxx xx xxxxxx 
xxx xx xxx xx xxxx xxx xx 
xxx xx xxxx xxx xx xxx xx 
xxxx xxx xx xxx xx xxxx

PRO TIP
A simple way to filter 
and manipulate the 
journal using regular Unix 
plain text tools is to use 
redirection. journalctl 
-b > log.txt will place 
all messages from the 
current boot in log.txt, so 
you can sed and grep to 
your heart’s content.

The second major component of Systemd is the 
journal. This is a logging system, similar to syslog, but 
with some major differences. And if you’re a fan of the 
Unix way, prepare for your blood to boil: it’s a binary 
log, so you can’t just parse it using your regular 
command line text tools. This design decision 

regularly whips up heated debates on the net, but it 
has some benefits too. For instance, logs can be more 
structured, with better metadata, so it’s easier to filter 
out information based on executable name, PID, time 
and so forth.

To view the journal in its entirety, enter:
journalctl

As with many other Systemd commands, this pipes 
the output into the less program, so you can scroll 
down by hitting space, use / (forward slash) to search, 
and other familiar keybindings. You’ll also notice a 
sprinkling of colour here too, with warnings and failure 
messages in red.

That’s a lot of information; to narrow it down to the 
current boot, use:
journalctl -b

And here’s where the Systemd journal starts to 
shine. Do you want to see all messages from the 

LOG FILES: SAY HELLO TO JOURNALD2

A Systemd GUI exists, 
although it hasn’t been 
actively worked on for a 
couple of years.
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Miked Saundersd has a PID of -1, divides by zero in his sleep, 
and knows how to sew on a button.

Life without Systemd?

If you simply, absolutely can’t get on with Systemd, you still 
have a few choices among the major distributions. Most 
notably, Slackware, the longest-running distro, hasn’t made 
the switch yet – but its lead developer hasn’t ruled it out for 
the future. A few small-name distros are also holding out 
with SysVinit as well.

But how long will this last? Gnome is becoming 
increasingly dependent on Systemd, and the other major 
desktop environments could follow suit. This is a cause 
of consternation in the BSD communities, as Systemd is 
heavily tied to Linux kernel features, so the desktops are 
becoming less portable, in a way. A half-way-house solution 
might arrive in the form of Uselessd (http://uselessd.
darknedgy.net), which is a stripped-down version of 
Systemd that purely focuses on launching and supervising 
processes, without consuming the whole base system.

PRO TIP
Xxxxx xxx xxx xx xxxx xxx 
xx xxx xx xxxx xxx xxx xxx 
xx xxxx xxx xx xxx xx xxxx 
xxx xx xxx xx xxxx xxx xx 
xxx xx xxxx xxx xx xxx xx 
xxxx xxx xx xxx xx xxxxxx 
xxx xx xxx xx xxxx xxx xx 
xxx xx xxxx xxx xx xxx xx 
xxxx xxx xx xxx xx xxxx

PRO TIP
We’ve been mostly poking 
around inside /usr/lib/
systemd/system in this 
tutorial, but you may 
have noticed similar files 
inside /etc/systemd/
system as well. What’s 
the difference? Well, the 
latter takes precedence, 
so if you have two unit 
files with the same names 
in both locations, the one 
in /etc/systemd/system 
will be used. Generally, 
the former directory is 
where installed packages 
place their units, while 
the latter is for units 
created by root.

previous boot? Try journalctl -b -1. Or the one before 
that? Replace -1 with -2. How about something very 
specific, like all messages from 24 October 2014, 
16:38 onwards?”
journalctl -b --since=”2014-10-24 16:38”

Even if you deplore binary logs, that’s still a useful 
feature, and for many admins it’s much easier than 
constructing a similar filter from regular expressions.

So we’ve narrowed down the log to specific times, 
but what about specific programs? For units, try this:
journalctl -u gdm.service

(Note: that’s a good way to see the log generated by 
the X server.) Or how about a specific PID?
journalctl _PID=890

You can even request to just see messages from a 
certain executable:
journalctl /usr/bin/pulseaudio

If you want to narrow down to messages of a certain 
priority, use the -p option. With 0 this will only show 
emergency messages (ie it’s time to start praying to 
$DEITY), whereas 7 will show absolutely everything, 
including debugging messages. See the manual page 
(man journalctl) for more details on the priority levels.

It’s worth noting that you can combine options as 
well, so to only show messages from the GDM service 
of priority level 3 (or lower) from the current boot, use:
journalctl -u gdm.service -p 3 -b

Finally, if you just want to have a terminal window 
open, constantly updating with the latest journal 
entries, as you’d have with the tail command in pre-
Systemd installations, just enter journalctl -f.  

Binary logging isn’t 
popular, but the journal 
has some benefits, like 
very easy filtering of 
information.

If you don’t like Sysytemd, try Gentoo, which has it as a 
choice of init system, but doesn’t force it on its users.
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The Grub 2 Linux bootloader is a wonderful and 
versatile piece of software. While it isn’t the 
only bootloader out there, it’s the most popular 

and almost all the leading desktop distros use it. The 
job of the Grub bootloader is twofold. First, it displays 
a menu of all installed operating systems on a 
computer and invites you to pick one. Second, Grub 
loads the Linux kernel if you choose a Linux operating 
system from the boot menu. 

As you can see, if you use Linux, you can’t escape 
the bootloader. Yet it’s one the least understood 
components inside a Linux distro. In this tutorial we’ll 
familiarise you with some of Grub 2’s famed versatility 
and equip you with the skills to help yourself when you 
have a misbehaving bootloader.

The most important parts of Grub 2 are a bunch of 
text files and a couple of 
scripts. The first piece to 
know is /etc/default/
grub. This is the text file 
in which you can set the 
general configuration 
variables and other 

characteristics of the Grub 2 menu (see box titled 
“Common user settings”).

The other important aspect of Grub 2 is the  
/etc/grub.d folder. All the scripts that define each 
menu entry are housed there. The names of these 
scripts must have a two-digit numeric prefix. Its 
purpose is to define the order in which the scripts are 

executed and the order of the corresponding entries 
when the Grub 2 menu is built. The 00_header file is 
read first, which parses the /etc/default/grub 
configuration file. Then come the entries for the Linux 
kernels in the 10_linux file. This script creates one 
regular and one recovery menu entry for each kernel in 
the default /boot partition. 

This script is followed by others for third-party apps 
such as 30_os-prober and 40_custom. The os-prober 
script creates entries for kernels and other operating 
systems found on other partitions. It can recognise 
Linux, Windows, BSD and Mac OS X installations. If 
your hard disk layout is too exotic for the os-prober 
script to pick up an installed distro, you can add it to 
the 40_custom file (see the “Add custom entries” box). 

Grub 2 does not require you to manually maintain 
your boot options’ configuration file: instead it 
generates the /boot/grub/grub.cfg file with the 

GRUB 2: HEAL YOUR 
BOOTLOADER
There are few things as irritating as a broken bootloader.  
Get the best out of Grub 2 and keep it shipshape.

 TUTORIAL
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WHY DO THIS?
•  Grub 2 is the most 

popular bootloader 
that’s used by almost 
every Linux distribution.

•  A bootloader is a vital 
piece of software, but 
they are susceptible to 
damage.

•  Grub 2 is an expansive 
and flexible boot loader 
that offers various 
customisable options.

Boot Repair also lets 
you customise Grub 2’s 
options.

MAYANK SHARMA

“The Grub 2 Linux bootloader 
is a wonderful and versatile 
piece of software.” Graphical boot repair

A vast majority of Grub 2 issues can easily be resolved with 
the touch of a button thanks to the Boot Repair app. This 
nifty little application has an intuitive user interface and 
can scan and comprehend various kinds of disk layouts 
and partitioning schemes, and can sniff out and correctly 
identify operating system installations inside them. The 
utility works on traditional computers with a Master Boot 
Record (MBR) as well as the newer UEFI computers with the 
UID Partition Table (GPT) layout. 

The easiest way to use Boot Repair is to install it inside 
a Live Ubuntu session. Fire up an Ubuntu Live distro on a 
machine with a broken bootloader and install Boot Repair by 
first adding its PPA repository with the
sudo add-apt-repository ppa:yannubuntu/Boot Repair
command. Then refresh the list of repositories with
sudo apt-get update
before installing the app with
sudo apt-get install -y Boot Repair

Fire up the tool once it’s installed. The app will scan 
your hard disk before displaying its interface, which is 
made up of a couple of buttons. To follow the advice of the 
tool, simply press the Recommended Repair button, which 
should fix most broken bootloaders. After it’s restored your 
bootloader, the tool also spits out a small URL which you 
should note. The URL contains a detailed summary of your 
disks, including your partitions along with the contents 
of important Grub 2 files including /etc/default/grub and 
boot/grub/grub.cfg. If the tool hasn’t been able to fix your 
bootloader, you can share the URL on your distro’s forum 
boards to allow others to understand your disk layout and 
offer suggestions.
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grub2-mkconfig command. This utility will parse the 
scripts in the /etc/grub.d directory and the /etc/
default/grub settings file to define your setup. 

Bootloader bailout
Grub 2 boot problems can leave the system in several 
states. The text on the display where you’d expect the 
bootloader menu gives an indication of the current 
state of the system. If the system stops booting at the 
grub> prompt, it means the Grub 2 modules were 
loaded but it couldn’t find the grub.cfg file. This is the 
full Grub 2 command shell and you can do quite a bit 
here to help yourself. If you see the grub rescue> 
prompt, it means that the bootloader couldn’t find the 
Grub 2 modules nor could it find any of your boot files. 
However, if your screen just displays the word ‘GRUB’, 
it means the bootloader has failed to find even the 
most basic information that’s usually contained in the 
Master Boot Record.

You can correct these Grub failures either by using a 
live CD or from Grub 2’s command shell. If you’re lucky 
and your bootloader drops you at the grub> prompt, 
you have the power of the Grub 2 shell at your disposal 
to correct any errors.

The next few commands work with both grub> and 
grub rescue>. The set pager=1 command invokes the 
pager, which prevents text from scrolling off the 
screen. You can also use the ls command which lists 
all partitions that Grub sees, like this:
grub> ls
(hd0) (hd0,msdos5) (hd0,msdos6) (hd1,msdos1)

As you can see, the command also lists the partition 
table scheme along with the partitions. 

You can also use the ls command on each partition 
to find your root filesystem:
grub> ls (hd0,5)/
lost+found/  var/  etc/  media/  bin/  initrd.gz   
boot/  dev/  home/  selinux/  srv/  tmp/ vmlinuz

You can drop the msdos bit from the name of the 
partition. Also, if you miss the trailing slash and instead 
say ls (hd0,5) you’ll get information about the partition 
including its filesystem type, total size, and last 
modification time. If you have multiple partitions, read 
the contents of the /etc/issue file with the cat 
command to identify the distro, such as cat (hd0,5)/
etc/issue.

Assuming you find the root filesystem you’re looking 
for inside (hd0,5), make sure that it contains the  
/boot/grub directory and the Linux kernel image you 
wish to boot into, such as vmlinuz-3.13.0-24-generic. 
Now type the following:
grub> set root=(hd0,5)
grub> linux /boot/vmlinuz-3.13.0-24-generic root=/dev/sda5
grub> initrd /boot/initrd.img-3.13.0-24-generic

The first command points Grub to the partition 
housing the distro we wish to boot into. The second 
command then tells Grub the location of the kernel 
image inside the partition as well as the location of the 
root filesystem. The final line sets the location of the 
initial ramdisk file. You can use tab autocompletion to 

fill in the name of the kernel and the initrd, which will 
save you a lot of time and effort.

Once you’ve keyed these in, type boot at the next 
grub> prompt and Grub will boot into the specified 
operating system.

Things are a little different if you’re at the grub 
rescue> prompt. Since the bootloader hasn’t been able 
to find and load any of the required modules, you’ll 
have to insert them manually:
grub rescue> set root=(hd0,5)
grub rescue> insmod (hd0,5)/boot/grub/normal.mod
grub rescue> normal
grub> insmod linux

As you can see, just like before, after we use the ls 
command to hunt down the Linux partition, we mark it 
with the set command. We then insert the normal 
module, which when activated will return us to the 
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Grub 2 and UEFI

UEFI-enabled machines (more or less, any 
machine sold in the last couple of years) 
have added another layer of complexity to 
debugging a broken Grub 2 bootloader. While 
the procedure for restoring a Grub 2 install on 
a UEFI machine isn’t much different than it is 
on a non-UEFI machine, the newer firmware 
handles things differently, which results in 
mixed restoration results. 

On a UEFI-based system, you do not 
install anything in the MBR. Instead you 
install a Linux EFI bootloader in the EFI 
System Partition (ESP) and set it as the EFI’s 
default boot program using a tool such as 
efibootmgr for Linux, or bcdedit for Windows.

As things stand now, the Grub 2 
bootloader should be installed properly when 
installing any major desktop Linux distro, 
which will happily coexist with Windows 
8. However, if you end up with a broken 
bootloader, you can restore the machine with 
a live distro. When you boot the live medium, 
make sure you boot it in the UEFI mode. The 
computer’s boot menu will have two boot 

options for each removable drive – a vanilla 
option and an option tagged with UEFI. Use 
the latter to expose the EFI variables in  
/sys/firmware/efi/. 

From the live environment, mount the 
root filesystem of the broken installation as 
mentioned in the tutorial. You’ll also have to 
mount the ESP partition. Assuming it’s  
/dev/sda1, you can mount it with
sudo mount /dev/sda1 /mnt/boot/efi

Then load the efivars module with 
modprobe efivars before chrooting into the 
installed distribution as shown in the tutorial.

Here on, if you’re using Fedora, reinstall 
the bootloader with the
yum reinstall grub2-efi shim
command followed by
grub2-mkconfig -o /boot/grub2/grub.cfg
to generate the new configuration file. 
Ubuntu users can do this with
apt-get install --reinstall grub-efi-amd64

With the bootloader in place, exit chroot, 
unmount all partitions and reboot to the  
Grub 2 menu.

Grub 2 has a command 
line, which you can invoke 
by pressing C at the 
bootloader menu.
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standard grub> mode. The next command then 
inserts the linux module in case it hasn’t been loaded. 
Once this module has been loaded you can proceed to 
point the boot loader to the kernel image and initrd 
files just as before and round off the procedure with 
the boot command to bring up the distro.

Once you’ve successfully booted into the distro, 
don’t forget to regenerate a new configuration file for 
Grub with the 
grub-mkconfig -o /boot/grub/grub.cfg 
command. You’ll also have to install a copy of the 
bootloader into the MBR with the 
sudo grub2-install /dev/sda 
command.

Dude, where’s my Grub?
The best thing about Grub 2 is that you can reinstall it 
whenever you want. So if you lose the Grub 2 

bootloader, say when 
another OS like Windows 
replaces it with its own 
bootloader, you can 
restore Grub within a few 
steps with the help of a 
live distro. Assuming 

you’ve installed a distro on /dev/sda5, you can 
reinstall Grub by first creating a mount directory for 
the distro with
sudo mkdir -p /mnt/distro
and then mounting the partition with
mount /dev/sda5 /mnt/distro
You can then reinstall Grub with
grub2-install --root-directory=/mnt/distro /dev/sda

This command will rewrite the MBR information on 
the /dev/sda device, point to the current Linux 
installation and rewrite some Grub 2 files such as 
grubenv and device.map. 

Another common issue pops up on computers with 
multiple distros. When you install a new Linux distro, 
its bootloader should pick up the already installed 
distros. In case it doesn’t, just boot into the newly 
installed distro and run
grub2-mkconfig
Before running the command, make sure that the root 
partitions of the distros missing from the boot menu 
are mounted. If the distro you wish to add has /root 
and /home on separate partitions, only mount the 
partition that contains /root, before running the 
grub2-mkconfig command.

While Grub 2 will be able to pick most distros, trying 
to add a Fedora installation from within Ubuntu 
requires one extra step. If you’ve installed Fedora with 
its default settings, the distro’s installer would have 
created LVM partitions. In this case, you’ll first have to 
install the lvm2 driver using the distro’s package 
management system, such as with
sudo apt-get install lvm2
before Grub 2’s os-prober script can find and add 
Fedora to the boot menu.

Thorough fix
If the grub2-install command didn’t work for you, and 
you still can’t boot into Linux, you’ll need to completely 
reinstall and reconfigure the bootloader. For this task, 
we’ll use the venerable chroot utility to change the run 
environment from that of the live CD to the Linux 
install we want to recover. You can use any Linux live 
CD for this purpose as long as it has the chroot tool. 
However, make sure the live medium is for the same 
architecture as the architecture of the installation on 
the hard disk. So if you wish to chroot to a 64-bit 
installation you must use an amd64 live distro.

After you’ve booted the live distro, the first order of 
business is to check the partitions on the machine. 
Use fdisk -l to list all the partitions on the disk and 

To disable a script under 
the /etc/grub.d, all you 
need to do is remove the 
executable bit, for example 
with
chmod -x /etc/grub.d/20_
memtest86+
which will remove the 
‘Memory Test’ option from 
the menu. 

Common user settings

Grub 2 has lots of configuration variables. Here are some of 
the common ones that you’re most likely to modify in the  
/etc/default/grub file. The GRUB_DEFAULT variable specifies 
the default boot entry. It will accept a numeric value such as 
0, which denotes the first entry, or “saved” which will point 
it to the selected option from the previous boot. The GRUB_
TIMEOUT variable specifies the delay before booting the 
default menu entry and the GRUB_CMDLINE_LINUX variable 
lists the parameters that are passed on the kernel command 
line for all Linux menu entries.

If the GRUB_DISABLE_RECOVERY variable is set to true, 
the recovery mode menu entries will not be generated. 
These entries boot the distro into single-user mode from 
where you can repair your system with command line tools. 
Also useful is the GRUB_GFXMODE variable, which specifies 
the resolution of the text shown in the menu. The variable 
can take any value supported by your graphics card.

“The best thing about Grub 2  
is that you can reinstall it 
whenever you want.”
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make note of the partition that holds the Grub 2 
installation that you want to fix. 

Let’s assume we wish to restore the bootloader 
from the distro installed in /dev/sda5. Fire up a 
terminal and mount it with:
sudo mount /dev/sda5 /mnt
Now you’ll have to bind the directories that the Grub 2 
bootloader needs access to in order to detect other 
operating systems:
$ sudo mount --bind /dev /mnt/dev
$ sudo mount --bind /dev/pts /mnt/dev/pts
$ sudo mount --bind /proc /mnt/proc
$ sudo mount --bind /sys /mnt/sys

We’re now all set to leave the live environment and 
enter into the distro installed inside the /dev/sda5 
partition via chroot:
$ sudo chroot /mnt /bin/bash

You’re now all set to install, check, and update Grub. 
Just like before, use the
sudo grub2-install /dev/sda
command to reinstall the bootloader. Since the 
grub2-install command doesn’t touch the grub.cfg 
file, we’ll have to create it manually with
sudo grub-mkconfig -o /boot/grub/grub.cfg

That should do the trick. You now have a fresh copy 
of Grub 2 with a list of all the operating systems and 
distros installed on your machine. Before you can 
restart the computer, you’ll have to exit the chrooted 
system and unmount all the partitions in the following 

order: 
$ exit
$ sudo umount /mnt/sys 
$ sudo umount /mnt/proc
$ sudo umount /mnt/dev/pts
$ sudo umount /mnt/dev 
$ sudo umount /mnt

You can now safely reboot the machine, which 
should be back under Grub 2’s control, and the 
bootloader under yours! 

Mayank Sharma has been tinkering with Linux since the 90s 
and contributes to a variety of technical publications on both 
sides of the pond.

Add custom entries
If you wish to add an entry to the bootloader 
menu, you should add a boot stanza to the 
40_custom script. You can, for example, 
use it to display an entry to boot a Linux 
distro installed on a removable USB drive. 
Assuming your USB drive is sdb1, and the 
vmlinuz kernel image and the initrd files are 
under the root (/) directory, add the following 
to the 40_custom file:
menuentry “Linux on USB” { 
set root=(hd1,1) 
linux /vmlinuz root=/dev/sdb1 ro quiet splash 
initrd /initrd.img 

}
For more accurate results, instead of 

device and partition names you can use their 
UUIDs, such as
set root=UUID=54f22dd7-eabe

Use
sudo blkid
to find the UUIDs of all the connected drives 
and partitions. You can also add entries for 
any distros on your disk that weren’t picked 
up by the os-prober script, as long as you 
know where the distro’s installed and the 
location of its kernel and initrd image files. 
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A tlas, in Manchester, was one of the first 
supercomputers; it was said that when Atlas 
went down, the UK’s computing capacity was 

reduced by half. Today supercomputers are massively 
parallel and run at many, many times the speed of 
Atlas. (The fastest in the world is currently Tianhe-2, in 
Guangzhou, China, running at 33 petaflops, or over a 
thousand million times faster than Atlas.) But some of 
the basics of modern computers still owe something 
to the decisions made by the Atlas team when they 
were trying to build their ‘microsecond engine’.

The computers of the early 1950s were built with 
vacuum tubes, which made for machines which 
were enormous, unreliable, and very expensive. The 
University of Manchester computing team already 
had one of these, the Manchester Mark 1 (which 
Alan Turing worked with), which began operation in 
April 1949. They were working on a smaller version 
when Tom Kilburn, director of the group, set a couple 

of his team to designing 
a computer which used 
transistors.

The result was the 
Transistor Computer, the 
world’s first transistorised 
computer, first operational 

in April 1953. It used germanium point-contact 
transistors, the only type available at the time, which 
were even less reliable than valves; but they were a lot 
cheaper to run, using much less power. It did still use 
valves for memory read/write and for the clock cycle, 
so it wasn’t fully transistorised. (The first fully 
transistorised computer was the Harwell CADET, in 

1955.) Once junction transistors became available, the 
second version of the machine was more reliable.

Building Atlas
After the success of the Transistor Computer, the next 
challenge the team set themselves was to build a 
“microsecond engine” – a computer that could 
operate at one microsecond per instruction (or close 
to it), so managing a million instructions a second. 
(This is not quite the same as one megaflop, as 
FLOPS measure floating-point operations, not 
instructions, and are a little slower than instructions.)

The machine was initially called MUSE (after the 
Greek letter μ, meaning one-millionth), but was 
renamed Atlas once the Ferranti company became 
involved in 1958. When Atlas was officially first 
commissioned, in December 1962, it was one of the 
most powerful computers in the world, running at (at 
peak) 1.59 microseconds per instruction, or around 
630,000 instructions/second. 

Atlas was an asynchronous processing machine, 
with 48-bit words, 24-bit addressing, and (in the 
Manchester installation) 16k word core store and 96k 
word drum store. It also had over a hundred index 
registers to use for address modification. It was fitted 
up for magnetic tape (a big novelty at the time and 
much faster than paper tape).

One important feature was instruction pipelining, 
which meant being able to speed up programs 
beyond merely running instructions more quickly. With 
instruction pipelining, the CPU begins to fetch the next 
instruction while the current one is still processing. 
Instead of holding up the whole CPU while a single 
instruction goes through the CPU’s various parts, 
pipelining means that instructions follow one another 
from point A to point B to point C through the CPU, 
maximising the amount of work being done by the 
CPU at a particular time, and minimising the overall 
time. Obviously this does require appropriate 
programming to take advantage of it.

Atlas’ “Extracode” setup also allowed certain more 
complex instructions to run as software rather than 
be included in the hardware. The most significant bit 
of the top 10 bits of a word determined whether an 
instruction was a normal hardware instruction, or an 
Extracode instruction. An Extracode instruction meant 
that the program would jump to what was basically a 
subroutine in the ROM, and run that. This was a way 
of reducing the complexity of the hardware while still 

ATLAS: THE UK’S 
SUPERCOMPUTER
In the 1950s came the transistor, and with the transistor came the 
supercomputer – here’s how to program one of the first.

 TUTORIAL
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JULIET KEMP

The University of 
Manchester’s ATLAS 
machine, photographed 
on 1 January 1963. Photo: 
Iain MacCallum

“Germanium transistors were 
even less reliable than valves,  
but were a lot cheaper to run.”
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being able to provide those complicated instrutions 
‘baked in’ to the machine (and thus easy to use for 
programmers). Extracode instructions were used 
particularly for calculations like sine/cosine and 
square root (inefficient to wire into the hardware); but 
they were also used for operating system functions 
like printing to output or reading from a tape. (See the 
next section for more on the Atlas Supervisor.)

The first production Atlas, the Manchester 
installation, started work in 1962, although the OS 
software, Atlas Supervisor (see below) wasn’t fully 
operational until early 1964. Ferranti and the 
University shared the available time on Atlas, running 
between them up to a thousand user programs in a 
20-hour ‘day’. The value of the machine to the 
University was estimated at £720,000 per year in 
1969, if they’d had to buy it in externally.

Software
A 48-bit Atlas instruction was divided into four parts: a 
10-bit function code, 7-bit Ba (bits 10-16) and 7-bit Bm 
(bits 17-25) index registers, and a 24-bit address. 
There were two basic types of instruction: B-codes, 
which used Bm as a modifier and Ba as a register 
address and did integer operations; and A-codes, 
which provided floating point arithmetic.

The B index registers were used to modify the given 
address to get the ‘correct’ one (useful for moving 
through a series of memory locations); having two 
index fields meant Atlas could be double-indexed. You 
could also test the Bm register and then do something 
specific with the contents of the Ba register, 
depending on the result of the test. Specifically, there 
was a general form of:

“if CONDITION then load register Ba with address N 
(and optionally act on Bm); otherwise do nothing”

Since register B127 was the program counter, this 
could be used as a program operation transfer. Simply 
set N to the location you want to jump to, and set Ba 
to B127. If the condition is true, B127 now contains 
address N, and the program jumps to N.

Other B registers also had specific roles, and there 
is a comprehensive list of these registers and many 
other details of the system in the short book The Story 
of ATLAS by Iain Stinson (http://elearn.cs.man.ac.
uk/~atlas/docs/london%20atlas%20book.pdf).

Atlas Supervisor was the Atlas operating system, 
which managed resources and allocated them 
between user programs and other tasks, including 
managing virtual memory. It’s been called “the first 
recognisable modern OS” in terms of how it managed 
jobs and resources. At any given time, multiple user 
programs could be running, and it was Atlas 
Supervisor’s responsibility to manage resources and 
workload. The Scheduler and Job Assembler would 
assemble all parts of a job and sort it into one of two 
queues (requires its own magnetic tape, or does not). 
The Central Executive took care of program-switching, 
error-monitoring, Extracodes, and memory 
management. Output Assembly handled output 

potentially onto many different devices, maintaining a 
list of documents to be output.

One of the radical innovations of Atlas was virtual 
memory. Computers had (and still have) two levels of 
memory: main (working) memory and secondary 
(disk; or drums/tapes back in the 1950s) memory. A 
program can only deal directly with main memory. For 
a programmer trying to perform a calculation (such as 
matrix multiplication) that couldn’t fit into main 
memory, a large part of the job became working out 
how to switch data in and out of secondary memory, 
how to do it most efficiently, what blocks (pages) to 
divide it into, how to swap it in and out, and so on. The 
designers of Atlas were working programmers (as 
was everyone working in computers at the time), and 
it was very clear to them that automating this process 
would make programmers’ lives much easier. Atlas’ 
virtual memory had three important features:

  It translated addresses automatically into memory 
locations (so the programmer didn’t need to keep 

95

Transitors

Vacuum tubes, used in all the 1940s 
computers, were far from ideal. Everyone 
in the industry was keen for something 
different. In particular, Bell (the telephone 
company) wanted a more reliable component 
for telephone systems. It put together a 
team to research transistors, based on an 
idea patented in the late 1920s by physicist 
Julius Lilienfeld. The Bell Labs team 
produced a working transistor in 1947 (a 
French team repeated this independently 
in 1948). Bell Labs’ Shockley, Bardeen, and 
Brattain won the Nobel Prize in Physics in 
1956 for their work.

Fundamentally, transistors control and 
direct the flow of electricity. They act as 
switches (sending current one way or 
another, or switching it off), and they can 
also amplify current, making the output 
power greater than the input power. The first 
transistors were made from germanium, 
which when pure is an insulator, but when 

slightly impure becomes a semiconductor, 
which is what is needed for a transistor 
to work. The amount of impurity must be 
tightly controlled to create the correct effect. 
Germanium transistors were very quickly 
replaced by junction transistors, which are 
more robust and easier to make.

Transistors are an essential part of nearly 
all modern electronics, although most 
modern transistors are silicon rather than 
germanium. The fact that they can be easily 
mass-produced at low cost (more than ten 
million transistors can be made per US cent) 
has been a crucial part of the development 
of mass modern technology. These days they 
are usually part of an integrated circuit rather 
than wired together as with early transistor 
computers, but they’re still at the core of all 
practical electronics. Estimates of transistors 
made per year vary between about half a 
billion and a billion per person on the Earth, 
and those numbers are still going up.

Ann Moffat worked with 
Ferranti on the Manchester 
Atlas from 1962, and 
in 1966 was one of the 
earliest teleworkers – here 
seen writing programs to 
analyse Concorde’s black 
box, with her daughter. 
Copyright Rutherford 
Appleton Laboratory 
and the Science and 
Technology Facilities 
Council (STFC). www.
chilton-computing.org.uk.
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track of memory locations by hand).
  It had demand paging: the address translator would 
automatically load a required page of data into main 
memory when it was required.
  It had an algorithm which identified the currently 
least-required pages and moved them back into 
secondary memory.
Fundamentally, this is still what virtual memory 

does today, and it does, as expected, make 
programming massively more straightforward. It’s 
also vital for running multiple programs at the same 
time, allowing the OS to swap parts of jobs in and out 
of memory as they are required.

Emulator
An Atlas simulator is available from the Institute for 
Computing Systems Architecture (University of 
Edinburgh – www.icsa.inf.ed.ac.uk/research/
groups/hase/models/atlas/index.html). You can 
download their three sample programs from their 
website. This is a simulator rather than an emulator, in 
that it simulates the operation of the Atlas 
architecture by modelling its internal state, but doesn’t 
pretend to give the experience of operating the whole 
machine.

To run the simulator, you’ll first need to download 
and install HASE III. There are detailed instructions 
www.icsa.inf.ed.ac.uk/research/groups/hase/
models/use.html, but basically you download the jar 
file, then type:
java -jar Setup_HASE_3.5.jar
at a terminal window. Run as root to be able to install 
for all users of the machine, or as a user to install for 
just that user. You can then run the bin/Hase 
executable from wherever you installed the program.

To run one of the Atlas projects, download one of 
the samples and unzip it, choose Open Project from 
the HASE menu, then choose the relevant .edl file. So 
for Atlas_V1.3, the project that demonstrates each of 
the various instructions, choose V1.3/atlas_v1.3.edl.

To compile the project, first, if you installed HASE as 
root, you’ll need to make sure that the user as which 
you’re running has write access to hase/hase-iii/lib. 
(This seems only to be necessary for the first 

compile.) Next, go to Project > Properties > Compiler, 
and make sure that the Hase directory is set correctly 
to where you installed HASE. Finally, hit the Compile 
and Build buttons on the menu bar.

Having compiled the code, you can run it (with the 
green running person icon), then load the tracefile 
back into the simulator and watch it run (use the clock 
icon, and choose the relevant results file). Run it to 
watch changes happen in the simulated construction. 
You can also watch the pipelining happen, and the 
virtual pages being requested and loaded.

If you want to look at the program instructions 
themselves, they are found in the DRUM_STORE.
pageX.mem files in the model directory, starting with 
page 0. They are structured as:
instruction Ba Bm address

The Drum Store contains the program code in page 
0, fixed-point integers in page 2, and floating-point 
reals in page 3. The Core Store is empty at the start of 
the simulation, with Block 0 modelled as an 
instruction array, Block 1 as an integer array, and Block 
2 as a floating-point array. As each array of code/
integers/floating-point number is needed, it is fetched 
in from the Drum Store.

For an explanation of the instructions used in each 
model, check out the HASE Atlas simulation webpage 
(www.icsa.inf.ed.ac.uk/cgi-bin/hase/atlas.pl?menu.
html,atlas.html), which also has more details of the 
simulation itself. The listing of the first demonstration 
program doubles as a list of Atlas instructions.

You can also try the other demonstration programs, 
both of which do actual mathematics. V3.2 is a Sum 
of Squares program, which should report in the 
Output window the result 3, 4, 5, (then print stopping). 
This is the solution of the equation a2 + b2 = c 2 for a, 
b, c < 8. We couldn’t find any output for the Matrix 
Multiplication program (updates would be welcome if 
any readers do experiment with it!). An explanation of 
the model is at the link above.

More information about HASE, a user guide, and 
how to create your own models, is available here: 
www.icsa.inf.ed.ac.uk/research/groups/hase/
manuals/index.html.

Building your own program
If you copy the contents of one of the sample 
directories wholesale into another directory, and 
rename atlas_v*.* to my_project.* (so you’re 
renaming the .edl .elf .params files), you can edit the 
DRUM_STORE.page0.mem file to produce your own 
small program. Here’s one example:
A314 0 0 12288
A320 0 0 12296
A346 0 0 12304
STOP
nop 0 0 0 ... to end of file (must be 256 lines)

This loads the value in word 1536 into the 
accumulator (A314), adds the value in word 1537 to it 
(A320), and then stores the result in word 1538 
(A346). Words 1536 onwards are found at the start of 

The Atlas machine room at 
Chilton in 1967. Copyright 
Rutherford Appleton 
Laboratory and the 
Science and Technology 
Facilities Council (STFC). 
www.chilton-computing.
org.uk.

LV010 094 Tutorial Old Code.indd   96 31/10/2014   10:36



232
www.linuxvoice.com

ATLAS: THE UK’S SUPERCOMPUTER CODING

www.linuxvoice.com 97

DRUM_STORE.page3.mem, and are loaded into the 
core store block 2 when needed.

To run it, load the project, compile it, run, and then 
you can watch the trace. If editing, reload the project, 
then recompile.

Here’s the same example (adding two numbers) in 
B-instructions:
B121 1 0 3
B124 2 1 4
E1064 0 0 0
E1067 2 0 0
STOP

This loads the value 3 (not a memory address) into 
B1 in line 0 (B121), then in line 1 adds 4 modified by 
the contents of B1 to B2:
B124 B-register B-modification-register Number

So in practice this adds 4 + B1 = 4 + 3 = 7 to B2 
(which starts as zero). Line 2 uses an Extracode 
instruction:
E1064
to output a newline, then line 3 uses another 
Extracode instruction:
E1067
to output the contents of B2.

 You can see the output 7 in the bottom window, 
and in the main window, the 7 in the process of being 
returned to Control as part of instruction 1.

As mentioned above, the first test program listing in 
the Atlas model information (www.icsa.inf.ed.ac.uk/
cgi-bin/hase/atlas.pl?menu.html,atlas.html) is 
effectively an instruction listing. The earlier B 
instructions, for example, access memory locations 
rather than absolute values. Remember that A 
instructions managed floating point operations, and B 
instructions the integer operations. This means that A 
instructions operate only on the floating-point values 
(from block 2 of the core store, word 1536 onwards, 
memory location 12288 onwards), and B instructions 
only on integers (block 1 of the core store, word 1024 
onwards, location 8192 onwards). We’re not sure to 
what extent this exactly mirrors the real setup of Atlas 
memory and to what extent it is a feature of the 
organisation of the simulator, but do bear it in mind to 
avoid getting really frustrated with memory locations 

that won’t load! Two more Atlas machines were built 
alongside the Manchester one; one shared by BP and 
the University of London, and one for the Atlas 
Computer Laboratory in Chilton near Oxford, which 
provided a shared research computing service to 
British scientists.

After Atlas
Ferranti also built a similar system, called Titan (aka 
Atlas 2), for Cambridge University. Its memory was 
organised a little differently, and it ran a different OS 
written by the Computer Lab folk at Cambridge. Titans 
were also delivered to the CAD Centre in Cambridge, 
and to the Atomic Weapons Establishment at 
Aldermaston. The Manchester Atlas was 
decommissioned in 1971, and the last of the other 
two closed down in 1974. The Chilton Atlas main 
console was rediscovered earlier this year and is now 
at the Rutherford Appleton Laboratory in Chilton; 
National Museums Scotland in Edinburgh also has a 
couple of its parts. The Titans closed down between 
1973 and 1974.

The Atlas team were responsible for the start of 
numerous concepts (such as pipelining, virtual 
memory and paging, as well as some of the OS ideas 
behind Atlas Supervisor) which are still important in 
modern computing; and, of course, at the time, the 
machines themselves were of huge research 
importance. It’s rather a shame that it seems largely 
to have been forgotten in the shadow of other 
supercomputers such as those made by Cray and by 
IBM. It was certainly a very successful British project 
at the time.

In 2012, Google produced a short film remembering 
the Atlas, which is available online. There’s also a 
collection of links and memories available on the 
Manchester University website. There’s some 
documentation on the Chiltern Computing website, 
too, including this brochure from 1967  
(www.chilton-computing.org.uk/acl/literature/acl/
p003.htm).  

Juliet Kemp is a scary polymath, and is the author of 
O’Reilly’s Linux System Administration Recipes.

The simulator after running 
the v1.3 model. The blue 
fast-forward button runs 
the whole thing as fast as 
possible. The green button 
allows you to watch more 
slowly, or you can step 
through one process at a 
time.

PRO TIP
There is an emulator 
(which copies external 
behaviour) of the whole 
thing available, but it’s 
Windows-only; see Dik 
Leatherdale’s webpage 
at www.dikleatherdale.
webspace.virginmedia.
com/atlas.html.
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