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a b s t r a c t 

The Modular Microserver DataCentre (M2DC) project investigates, develops and demonstrates a modu- 

lar, highly-efficient, cost-optimized server architecture composed of heterogeneous microserver comput- 

ing resources. The resulting server architecture will be able to be tailored to meet requirements from a 

wide range of application domains. M2DC is built on three main pillars: a flexible server architecture that 

can be easily customised, maintained and updated; advanced management strategies and system efficiency 

enhancements (SEE); well-defined interfaces to the surrounding software data centre ecosystem. In this 

paper, we focus in particular on the thermal management strategies and on the initial benchmarking of 

the Aarch64 ARM architecture. 

© 2017 Published by Elsevier B.V. 

1. Introduction 

During the last decade, the fast development of compute- 

demanding applications such as Internet of Things, data analyt- 

ics, media processing, and cloud platforms caused a fast growth 

of data centres, as illustrated by the latest Cisco Cloud Index re- 

port, which indicates that global data centre IP traffic is expected 

to nearly triple (2.8-fold) over the next 5 years. Overall, data cen- 

tre IP traffic will grow at a compound annual growth rate (CAGR) 

of 23% from 2013 to 2018 [1] . This fast growth called for large in- 
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vestments and increased power usage. To cope with these issues 

without slowing down the innovation based on the adoption of 

pervasive computing technologies, dramatic decreases in costs and 

power requirements are needed. These decreases must be, how- 

ever, accompanied by assured Quality of Service (QoS), high levels 

of reliability and security, and by ease of configuration, integra- 

tion, and application execution, even if system improvements are 

achieved with the use of cutting-edge and specialized technolo- 

gies [2] . At the same time, new technologies and embedded com- 

puting architectures create numerous new opportunities. New ar- 

chitectures with high computing power to power consumption ra- 

tios are becoming widely available, such as mobile processors (e.g., 

ARM-based multi/many-cores), embedded SoCs (System-on-Chip) 

including GPU or FPGA-based accelerators, etc. Going beyond the 

separation between embedded and desktop/server markets, these 
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architectures draw a continuum of computing resources, ranging 

from small, power-optimized micro-controllers to large, powerful 

many-core server chips, enabling designers to tailor a system to 

the exact needs of applications and workload with appropriate 

components. These challenges and opportunities are at the heart 

of the Modular Microserver DataCentre (M2DC) project [3] . M2DC 

will capitalize on the European strength in embedded system de- 

sign and it will leverage the opportunities offered by cutting-edge 

computing resources and technologies so as to build specialized 

energy-efficient appliances aiming at meeting the needs of future 

high-value applications, based on intensive media processing, IoT 

or even HPC. 

To address these emerging challenges, M2DC will investigate, 

develop and demonstrate as a prototype in an operational environ- 

ment a modular, highly-efficient, cost-optimized server architec- 

ture composed of heterogeneous microserver computing resources, 

being able to be tailored to meet requirements from different ap- 

plication domains such as image processing, IoT, cloud computing 

and HPC. M2DC will develop turnkey appliances based on a mi- 

croserver system enabling to build use case driven, modular, high- 

density efficient data centres. The idea is to provide use cases in 

the form of turnkey appliances that can be easily configured, pro- 

duced, installed and maintained. Thus, the main M2DC goal is to 

deliver a new class of appliances with the following properties: 

P1 Low cost – taking into account the whole appliance life cycle 

(purchase, operation, maintenance and refresh cycles) and the 

Total Cost of Ownership (TCO) optimisation; 

P2 Low power and high energy efficiency – dramatically reducing 

power usage and heat dissipation while meeting Quality of Ser- 

vice (QoS) for key and emerging applications; 

P3 Dependable by design – delivering built-in reliability and secu- 

rity by integrating fast and efficient monitoring and manage- 

ment functions, 

P4 Versatile and scalable – easy to customize and update (software 

and hardware) to specific application types and large scales by 

seamless inclusion of heterogeneous and highly parallel com- 

puting resources, 

P5 Easy to use and integrate with data centre ecosystems – easy 

provisioning, monitoring and management by modern DCIM 

(Data Centre Infrastructure Management), cloud and HPC soft- 

ware; 

P6 Applicable to a variety of real-life applications – facilitating ap- 

plication and middleware programming, deployment, and opti- 

misation in order to use M2DC appliances for various impor- 

tant real-life applications such as Image Processing or Internet 

of Things data analytics. 

To develop its appliances, M2DC proposes a flexible server ar- 

chitecture that can be easily customized, equipped with intelligent 

power management and integrated with well-defined interfaces 

to the surrounding software ecosystem. The server architecture is 

based on low power System on Chip (SoC) components accompa- 

nied by built-in enhancements (e.g. for performance acceleration, 

efficiency, dependability) at system level, thus delivering great ef- 

ficiency while minimizing the effort needed from users. M2DC ap- 

pliances will enable TCO optimization for specific use cases and ap- 

plication areas. The overall costs will be lowered by using low cost 

microserver modules, decreasing of energy consumption costs, and 

facilitating maintenance and integration with existing computing 

environments. The connections between this approach and M2DC 

appliance properties are illustrated in Fig. 1 . 

Organization of the paper . The rest of this paper is organized 

as follows. In Section 2 , we provide an overview of the M2DC 

modular microserver hardware and software architecture, while in 

Section 3 we provide a more in-depth look at thermal manage- 

ment. In Section 4 , we briefly describe the range of application 

Fig. 1. High-level view of the M2DC appliance with its properties and interfaces 

between main parts. 

scenarios on which the M2DC technology will be demonstrated, 

while in Section 5 we offer initial benchmarking results for the 

ARM Aarch64 architecture which will serve as the general purpose 

processor unit. Finally, in Section 6 we review some related works 

in previous European projects and in Section 7 we draw our con- 

clusions. 

2. Architecture overview 

The M2DC project targets the development of a resource- 

efficient, highly scalable, modular microserver system that can be 

easily configured to fit the workload requirements of a wide va- 

riety of applications. Low-power microserver modules could be 

easily combined with reconfigurable and massively parallel hard- 

ware accelerators using a high-speed low-latency communication 

infrastructure to provide the heterogeneous mix of cutting edge 

technologies required by customers and applications. Efficiency in 

terms of performance, energy, and TCO will be demonstrated by a 

representative mix of turn-key appliances that are supported by an 

intelligent, self-optimizing management infrastructure. 

M2DC provides a versatile solution that can be easily config- 

ured to provide unparalleled density of server nodes in new data 

centre environments, offering the required cooling and power fa- 

cilities, or to provide low-power solutions that can be easily inte- 

grated into existing data centre environments. The M2DC modu- 

lar microserver system architecture is not just a research platform. 

On the contrary, it targets reliability and maintainability levels of a 

commercial product, utilizing a blade-style system approach, pro- 

viding hot-swap and hot-plug capabilities. Due to its modular and 

scalable architecture, the system can combine arbitrary mixtures 

of high-performance ARM server processors, low-power ARM em- 

bedded/mobile SoCs, traditional x86 processors, GPUs and FPGAs 

in a heterogeneous server environment, even on chassis level. In 

M2DC we will concentrate on the integration of cutting-edge tech- 

nologies, including the latest 64-bit ARM based server processors 

provided by Huawei, as well as ARM embedded/mobile SoCs, and 

the latest FPGA technologies. 

The microserver architecture will include a dedicated commu- 

nication infrastructure for monitoring and control, providing fast 

and easy access to the over 10,0 0 0 sensor values available in a 

single rack 1 . Additionally, the huge amount of sensor values gath- 

ered via the monitoring network can be efficiently pre-processed 

on the integrated distributed microcontroller network. The rich 

1 A single rack comprises up to 3360 microservers, see Section 2.1 with more 

than ten individual sensors, e.g., for temperature, voltage and current of the differ- 

ent supply rails. 
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