
Building a Datacenter with ARM Devices

ABSTRACT

The ARM CPU is becoming more prevalent as devices are shrinking and 

become embedded in everything from medical devices to toasters. 

However, Linux for ARM is still in the very early stages of release, with 

many different issues, challenges, and shortcomings.

In order to test what level of service commodity ARM devices have, I 

decided to build a small data center with these devices. This included 

building services usually found in large businesses, such as LDAP, DNS, 

Mail, and certain web applications such as Roundcube webmail, 

ownCloud storage, and Drupal content management.

BACKGROUND

ARM is a low power, open-source CPU architecture that is most commonly found 

in smartphones, embedded devices, and IoT systems. In the past, ARM was seen 

as an architecture that could usurp Intel, the king of high-end server processors, 

and take over datacenters. However, with Intel continuing to advance, ARM 

research divided between the licensees, and server-grade ARM processors 

relatively hard to find, Intel has managed to stay in the Datacenter for now, 

although Qualcomm and Cavium have started edging in, targeting multi-threaded 

workloads with their high core-count, low-power chips.

At the other end of the spectrum, consumer devices, along with archive and 

lightweight servers have begun to see an influx of ARM devices. Consumer-grade 

Network Attached Storage (NAS) units made by companies such as QNAP, 

Synology, and Netgear all use ARM for their devices. Most Chromebooks use 

ARM as well. Even a few home routers and some enterprise edge equipment uses 

ARM.

So far, the most popular use for ARM by far has been in IoT and embedded 

systems. The most successful implementation of this is the Raspberry Pi and its 

sequels. This small 35 computer developed by a British non-for-profit, the 

Raspberry Pi was such a hit that when their limited run of the extremely small 

Zero was put up for sale, it sold out from most retailers in hours. Over a million 

Raspberry Pis have been sold so far, and the device has even made it on board the 

ISS as part of public research projects.

The Raspberry Pi isn’t alone anymore. With some of the devices out there 

containing the same CPUs that run NASs, routers, and laptops, why haven't we 

heard of low cost ARM datacenters or computational clusters?

I wanted to understand why this hadn’t been done before, or if it was even 

possible. ARM is not an expensive platform or even very different than working 

with a normal computer. Most modern Linux and BSD operating systems support 

some variation of ARM, and even Microsoft has a platform that supports the 

Raspberry Pi and Minnowboard.
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METHODS

Physical

 Build a fully operational environment out of commodity ARM devices using 

SBCs, Development Boards, or other ARM-based systems

 Have dedicated hard drives and power system for mass storage, including 

multiple drives for GlusterFS operation, and an Archive disk for backups and 

rarely-used storage

 Build a case for all of these devices that will protect them from short circuits 

and dust

 Have devices hooked up to a UPS for power safety

Software

 Find a single operating system that will support all of the devices used in this 

experiment

 Set up the devices in a similar way to a full datacenter, with services including 

LDAP, GlusterFS, and DNS

 Document any issues with the operating system(s) used

THE CASE

Custom Enclosure

 Designed in QCAD and laser cut on hardboard by Ponoko

 Design was originally only for the Raspberry Pis, Orange Pi Ones, Udoo

Quads, PINE64, and Cubieboard 3

 Each device sits on a tray which can be slid in and out at will

 Cable management and cooling are on the back for easy access

 Designed to be solid and not collapse under its own weight

Design Flaws

 There was supposed to be a front door for blocking the light, but instead it 

blocked the individual trays from sliding out

 When the rear door was closed, it put pressure on the hinges, eventually 

breaking them

 Cooling was inefficient to the point where the Cubieboard 3 kept shutting 

off due to thermal issues

CONCLUSION SO FAR

▪ Most of the devices are capable of operations that include high availability 

and services, but some would be unsuited for datacenter operation

▪ The Udoo Quad and Odroid XU4 are the most likely candidates for 

datacenter use, due to their high reliability, RAM, and abundant CPU cores

▪ The ARM Linux tested are insufficient for the task of datacenter operation
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DEVICES USED

Device Qty. CPU CPU 

Cores

RAM

Banana Pi M1 2 Allwinner A20 2 1 GB

Cubieboard 3 1 Allwinner A20 2 2 GB

Raspberry Pi 2 1 Broadcom BCM2836 4 1 GB

Raspberry Pi 3 5 Broadcom BCM2837 4 1 GB

NanoPi Neo 2 Allwinner H3 4 512 MB

Odroid XU4 2 Samsung Exynos 5422 8 2 GB

Orange Pi One 2 Allwinner H3 4 512 MB

PINE64 2GB 1 Allwinner A64 4 2 GB

Udoo Quad 2 Freescale i.MX 6 4 1 GB

Name Usage Device Type IP

Folgore Primary DNS Orange Pi One 172.18.0.10

Fulmine Secondary DNS Orange Pi One 172.18.0.11

Gremyashchiy Cold Storage Cubieboard 3 172.18.0.15

Blyskawica OpenVPN and SSH PINE64 2GB 172.18.0.20

Gearing LDAP Provider Udoo Quad 172.18.0.25

Kepler LDAP Consumer Udoo Quad 172.18.0.26

Ilex Email NanoPi Neo 172.18.0.30

Intrepid Backup Email NanoPi Neo 172.18.0.31

Serrano SQL Distributor Odroid XU4 172.18.0.35

Orella SQL Replicator Odroid XU4 172.18.0.36

Sleipnir GlusterFS Node Banana Pi M1 172.18.0.40

Aeger GlusterFS Node Banana Pi M1 172.18.0.41

Kagero Web Load Balancer Raspberry Pi 2 172.18.0.45

Fubuki Web Server Raspberry Pi 3 172.18.0.50

Miyuki Web Server Raspberry Pi 3 172.18.0.51

Shirayuki Web Server Raspberry Pi 3 172.18.0.52

Hatsuyuki Web Server Raspberry Pi 3 172.18.0.53

Murakumo Web Server Raspberry Pi 3 172.18.0.54

OPERATING SYSTEMS

Raspberry Pis

 Raspbian, the operating system developed by the Raspberry Pi 

foundation, is a well-established operating system

Everything Else

 Raspbian is for Raspberry Pis only, so an alternative operating system 

was needed

 Several options were available, including CentOS, DietPi, Armian, 

Yocto, and Gentoo

 Armbian was chosen because it was compatible with all of the available 

devices

STORAGE SETUP

GlusterFS

 In order to maintain a high level of availability across all of the web 

services, a central storage system had to be built

 All of the web servers would mount the GlusterFS volume using NFS, 

then synchronize their information across all of the web servers

 The GlusterFS volume would hold the directories for ownCloud, Drupal, 

Roundcube, and an Armbian and Raspbian repository

 GlusterFS would be run off of external 1 TB Hard Drives connected to 

the Banana Pi M1s over SATA

 Power for the hard drives comes from a former computer power supply

Cold Storage

 The Cubieboard 3 has an extra PCB that can handle the power required 

by a 3.5” archival Hard Drive, along with a SATA port

 This will hold backups, rarely-used files, and long term but unnecessary 

items such as logs

CURRENT RESULTS

Operating Systems

 Multiple issues exist with both Armbian and Raspbian, including four 

critical issues that would prevent them from being used in a datacenter

Issue OS

Kernel and uboot are not linked together after a 

version update

Armbian

Operating system always performs DHCP request Raspbian

Allwinner CPUs crash randomly when under high 

load

Armbian

Hardware

 Some of the devices had issues or other factors as well, which would rule 

them out from datacenter use

Issue Device

No video output devices NanoPi Neo

Power connector is a USB-barrel instead of 

a microUSB device

Orange Pi One

microSD cards need tweezers for 

extraction

Raspberry Pi 3

Wireless module doesn’t work PINE64, Cubietruck

CPUs were on the bottom of the PCB and 

could not be cooled with heatsinks

Banana Pi M1, 

NanoPi Neo
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