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1. Introduction

The push towards Exascale is going to radically change
High-Performance Computing (HPC). First, the sheer
amount of computational resources available are pushing
the energy envelope available through the power grid to
the point where the size of an HPC centre may be con-
strained by the availability of power supply. Second, the
increase in scale of HPC resources across the world is en-
abling new use case scenarios, where players previously
unable to access HPC resources may now do so through
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Figure 1: MANGO Hardware Architecture

innovation in delivery modes, e.g. through cloud HPC [1].
Thus, the evolution of HPC hardware and software archi-
tectures needs to embrace technologies with high perfor-
mances and low power consumptions. The current trend
is to leverage application-based customization to this end.
Deeply heterogeneous architectures can provide such per-
formance/watt improvements, but are clearly much more
difficult to program and manage. Furthermore, new ap-
plication classes, that are QoS sensitive, are entering the
HPC domain. In particular, applications such as video
transcoding or medical imaging need time-predictability.
Since time-predictability and QoS are often not taken into
account in HPC, it is mandatory to extend the traditional
optimization space from power/performance to power,
performance, and predictability – the PPP space. In fact,
predictability, power, and performance appear to be three
inherently diverging perspectives on HPC.

MANGO’s [2, 3] key goal consists in addressing the
PPP space by achieving extreme resource efficiency in
future QoS-sensitive HPC. The present research inves-
tigates the architectural implications of HPC applica-
tions’ requirements to define a new generation of high-
performance, power-efficient, deeply heterogeneous ar-
chitectures with native mechanisms for isolation and QoS.

1.1. The MANGO Approach

Currently, the major challenge faced by HPC is the
performance/power efficiency. Looking straight at the
heart of the problem, the hurdle to the full exploitation
of today’s computing technologies ultimately lies in the
gap between the applications’ demand and the underly-
ing computing architecture: the better the match between
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