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Abstract—In this paper we propose the Android Diskless
System, which provides a set of tools to boot and manage diskless
computers on a LAN. The motive is to use old computers, still
in good conditions but without a hard drive, for a general
purpose environment such as school labs or small businesses
like cyber cafes. The resulting solution allows users to connect
to the Internet, store their data, play games, and interact with
documents (pdf, doc, xls, ppt) and media, which is the common
use of computer nowadays.
At the end of paper the reader will find benchmark tests
applied to the system demostrating that there are no remarkable
differences in performance between diskless and standard Android systems and also that other diskless GNU/Linux solutions
aren’t as efficient as ours for our purpose.
Index Terms—Android, diskless clients, obsolete computers.

I. I NTRODUCTION

I

N the 1960s, the expected market availability for specific
computer chips was between 20 and 25 years; today it’s
between 2 and 5. Called the dark side of Moore’s Law,
which states that the number of transistors on a chip doubles
every 18 to 20 months: poor planning for parts obsolescence
causes companies to spend progressively more in dealing
with the effects of aging systems–which leaves even less
money for new investment, thus creating a downward spiral
of maintenance costs and delayed upgrades[1].
This trend affects in a greater share the public sector of
development countries that can not afford renewing their
hardware when it becomes obsolete and must extend the useful
life of computers as long as they are functional. A good option
in solving this problem is the use of diskless clients using
a Linux-based operating system (OS) since Linux developers
claim that a diskless client using their OS could have a lifespan
of more than 300 years without any hardware or software
upgrades[2].
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Fig. 1: OS market share[3], [4].
In order to select a Linux-based OS for diskless clients
it is necessary to study the OS’s market share (Figure 1),
which brings us to the conclusion that the Android OS is

more popular than all other Linux distributions joined together.
Android was also designed to optimize the use of memory
and hardware resources[5] and has a great number of free
applications that could provide a good set of tools in everyday
computing.
There are some projects, such as LTSP[6] or Zentyal[7],
that provide tools to manage diskless computers and thin
clients. However, to the best of our knowledge, there is still
no project that allows Android to run on a computer without
a hard drive. Another aim is to use only free and open source
software to make the solution more suitable for developing
countries which are the most affected by the problems of aging
technologies.
This paper presents the design and implementation of a
diskless computer network using the Android OS. Section
II discusses projects and papers related to this investigation,
Section III describes the basic design of our system, Section
IV details a proof-of-concept prototype that we have implemented. Section V depicts tests results of our diskless system’s
benchmarking and Section VI concludes this paper.

II. R ELATED W ORK .
There are some projects that aim to provide a solution to
the aging technologies issue such as the Lightweight X11
Desktop Environment (LXDE) which is an extremely fastperforming and energy-saving desktop environment, that can
be installed on many Linux distributions including Debian,
Fedora, OpenSUSE, Ubuntu and also runs on OpenSolaris
and BSD[8]. LXDE has a good performance even on a
personal computer produced back in 1999 but its design and
information architecture is based on MS Windows 98/2000,
a paradigm that has evolved in the last ten years and is
getting obsolete with the new concepts of desktop enviroments
that can be seen in Plasma from KDE, GNOME Shell, the
Windows 8 Desktop and the launcher of Android 4.
The Virtual Smartphone over IP work of Eric Y. Chen and
Mistutaka Itoh reveals a platform to empower smartphones
with cloud computer processing in a model close to the thin
clients architecture[9]. Even when the aim of that investigation
if far from ours, there are some elements to take into consideration in their platform such as the use of Network File System
(NFS) to provide the nodes of an external storage directory.
Also the paper Implementation of a Diskless Cluster Computing Environment in a Computer Classroom of Chao-Tung
Yang, Wen-Feng Hsieh and Hung-Yen Chen was reviewed to
select the server side technologies for our system.
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III. S YSTEM OVERVIEW.
The functioning of diskless computers on Linux based OS
can be implemented in two ways: with the processing on the
server side, as thin clients, or with the processing on the client
side. Both of them share the same boot sequence (Figure 2).
The client downloads
the
kernel and the initrd

The client asks for
an IP address

NFS, This protocol is used by diskless nodes for all
persistent file storage. It operates in the same manner as
an SD card holds data for physical smart-phones. Since
the NFS is easily scalable, it practically provides each
client an unlimited file storage[9].
The solution can be easily scaled by separating the services
one per server without making any changes to the software.
•

IV. I MPLEMENTATION .
NO
The init process of the initrd
mounts the root ﬁle system that is
shared over the network

YES

Root is switched and the
system init process starts

DHCP server sends IP
and bootloader info

A. Android modifications.
As a proof-of-concept to make the client’s OS we used the
first release candidate of the version 4.0.3 of Android x86
project[12] to which we added the modules to support NBD,
NFS and SWAP memory space2 in the Linux kernel layer
(Figure 4).

Fig. 2: Boot sequence of a diskless computer1 .
After the last step of booting, the client can connect to a
server through any protocol (e.g. VNC, RDP, SSH or XDMCP)
that allows running graphical applications remotely (server
side processing) or it can login locally (client side processing).
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Fig. 3: Clients/Server test using GNU/Linux
For this investigation we chose the client side processing
because it is less expensive since it supports a better ratio of
clients per server without crashing (Figure 3). The proposed
Android Diskless System architecture is just like any other thin
client network implementation. It is composed of a number
of diskless computers connected to a server or servers that
provide:
• DHCP, which is the main service since it provides the
clients with all the necessary information to boot using
the network.
• Advanced Trivial File Transfer Protocol (ATFTP), to
share the PXE boot-loader’s configuration files, the Linux
kernel and it’s initial RAM disk (initrd). It was selected
among all other TFTP servers since it supports a configurable amount of client connections.
• Network Block Devices (NBD). A service which presents
a remote resource as local to the client [11]. Using it our
system shares the root file system and a swap memory
space to the clients.
1 The

Linux initial RAM disk (initrd) is a temporary root file system that is
mounted during system boot to support the two-state boot process. The initrd
contains various executables and drivers that permit the real root file system
to be mounted, after which the initrd RAM disk is unmounted and its memory
freed[10].
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Fig. 4: Kernel layer of Android system architecture[14].
The init script of the initrd was modified to locate the root
file system, the user data image and the swap space in the
remote server. This script’s functions are based on Busybox
applets, so nbd-client, swaponoff and nfs mount support
were included in Busybox.
# get IP
udhcpc -s /sbin/udhcpc.sh -i eth0
# create nbd devices
for i in 1 2 3; do
mknod /dev/nbd$i b 43 $i;
done
# The variables $SERVER, $DATA_PORT
# and $SWAP_PORT are passed to
# the script via kernel command line
nbd-client "$SERVER" 9000 /dev/nbd0
if ! [[ -z "$DATA_PORT" ]];then
nbd-client $SERVER $DATA_PORT /dev/nbd1
export DATA=/dev/nbd1
fi
if ! [[ -z "$SWAP_PORT" ]];then
nbd-client $SERVER $SWAP_PORT /dev/nbd2
swapon /dev/nbd2
fi
# check the remote root file system
check_root /dev/nbd0

Sample Code 1: Initrd’s init script modifications.
2 Swap memory space provides a more stable foundation, particularly
for production systems running programs that consume large amounts of
memory[13] or for those computers that do not have enough RAM.
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As shown in Sample Code 1 the root filesystem is exported
to all clients throughout the same port (9000), the swap space
and the user data image are shared among each node through
different ports that are provided to the init process in the
kernel’s command line. As a result of this,
1)
clients share the same file system but never the user data or
swap space.

The ADB tool can be used from any computer to administrate an Android OS, so our system includes security measures
to make this service accessible only from the administration
server. To ensure this we added netfilter support to the kernel
layer (Figure 4) and the iptables applet to the Busybox program that runs on the Initrd. On the init process all connections
to the ADB’s port (5555) are rejected unless they come from
the management server.
V. E VALUATION .
A. Benchmarking.

Always assigns the same IP
to a computer
Asks for an IP address

DHCP server

Diskless Client

Grants access to the folders matching
the folder name with the IP address
given by the DHCP server

Tries to mount a NFS folder which have
it's MAC address as name

To demonstrate that the Android Diskless System could run
flawlessly on very old computers turned into diskless nodes we
used the tool 0xbench from 0xlabs which is an open source
benchmarking suite with 16 tests included[16]. Results were
compared with their counterparts on the same computers with
a hard drive.
TABLE I: Benchmarking tests on ASUS P4P800.

NFS server

The init script is powered with a function that takes the
MAC address of the network interface and the NFS server
IP and mounts the NFS folder with the name MAC as the
external storage directory. In order to ensure a first security
level the DHCP server always gives the same IP address to
the computers using the client’s MAC as it’s key and the NFS
server grants access to the folder with the name ”MAC” only
to this IP. Therefore no single computer has access to the
storage of another (Figure 5).
B. Clients administration tool.

Fig. 6: Administration’s tool prototype interface.
We created a tool based on the Android Debug Bridge
(ADB)[15] to manage all the diskless clients. This tool provides a way to easily manage applications, reboot and halt the
remote system in all the clients at the same time or one by
one.
Clients administration tool (Figure 6) components description:
1) IP addresses list for all the clients that are running.
2) Check-box to select the clients to which apply actions.
3) Storage space indicator for each client.
4) Action buttons.
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Fig. 5: External storage mount process.
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As shown in TABLE I there is no remarkable difference in
the performance of diskless nodes compared to that of standard
computers.
Other series of tests were applied to compare the performance of our system against a GNU/Linux distribution
running without a hardrive. The OS customization to these
test was done using Ubuntu 10.04 and LXDE as the desktop
environment. Figures 7, 8 and 9 depict the results:
• CPU usage is almost the same in both OS, with maximun
values of 51% for Android and 47% for LXDE and an
average of 8.9% and 9.9% respectively.
• I/O output requests made by the OS are significant at
boot time, reaching values of 10500Kb/s for our system
and 2800Kb/s for the other, but once their boot processes
are completed the average is insignificant for both approaches.
• Even when the difference between RAM used in both
systems has an average of 24% the trend of Android
memory consumption is to oscillate from 70% to 80%
while the other system trends to increase progressively
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Fig. 7: CPU statistics on diskless nodes experiment.
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There are currently 475843 applications in the Android
market from which 27% are targeted as low quality applications, 348993 are free and 128343 are downloadable
by payment[17], [18]. In the upcoming future there will be
Android applications for all the purposes of a common user.
The Android Diskless System discussed in this paper can be
used in classroms, libraries, navigation points, kiosks or even
in Arcade machines using those apps.
Our aproach is as good as any other GNU/Linux for diskless
computers, but carries with it the new concepts of desktop
enviroments, uses the most popular Linux based OS and
provides tools to manage almost every setting of the diskless
nodes.
The next step in this investigation will be to create custom
roms for specific environments such as schools or libraries and
test them in real envioronments to demostrate the factibility of
the proyect. Meanwhile we will wait the release of Android
5 Jelly Bean, which will have native support for desktop
computers, to integrate it to the Android Diskless solution.
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Fig. 9: Memory statistics on diskless nodes experiment.

