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" We've got batteries!

— So what’s the problem?

" More things = batteries/wires/people

— Pervasive/loT/ubiquitous

* Fit-and-forget/maintenance issues

— Smart homes/grid/metering

" Weight vs volume vs lifetime
— e.g.Wearables
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Energy-Harvesting Systems

Energy-Neutral Computing

Transient Computing

Power-Neutral Computing
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Energy-Neutral Computing
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holistic

- energy harvesting
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holistic®

energy harvesting
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" What'’s wrong with energy storage and complexity!?
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Transient Computing: Introduction
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* Early work in transient computing
— Uses concept of check pointing (from fault tolerance) to NVM; a design/compile-time approach

* Checkpoint placement
— Heuristics, e.g. start of loop/function

— Redundant checkpoints/snapshots
(causing overheads in both t and E) i & Cpoint H——H B
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" Runtime approach, makes only a single (and always a single) snapshot per supply ‘failure’
— Removes wasted snapshots (increases efficiency)
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" Hibernus requires calibration of the platform and energy source:
— Select hibernate threshold based on ) C (Platform Dependent; static)
— Select restore threshold based on source dynamics (Source Dependent; adaptive)

" Hibernus performs adaptive, run-time calibration and management

= Hibernate threshold calibration
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" Hibernus requires calibration of the platform and energy source:
— Select hibernate threshold based on ) C (Platform Dependent; static)

— Select restore threshold based on source dynamics (Source Dependent; adaptive)
" Hibernus performs adaptive, run-time calibration and management

* Continuous classification of source to select restore policy

High-power state Low-power state
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= Calibrates to the platform to adapt to the available energy storage:

Decoupling Hibernus Hibernus++
capacitance
2.C (uF) N. N. Total N. N. Total Vi (V)
Restore Hibern. Time (ms) Restore Hibern. Time (ms)
10 - - - 2 2 395.2 2.03
20 2 2 376.3 2 2 389.4 1.97
30 2 2 376.1 1 1 243.7 1.93
40 2 2 376.0 1 1 2389 1.91

Using a voltage input of 3V @ 6Hz

— Where Hibernus has been manually calibrated, Hibernus++ exhibits a small overhead
— Where additional energy storage is present, Hibernus++ takes advantage of this

— Where less energy storage is present, Hibernus++ adapts to still operate
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" QuickRecall: data + program memory is always in NVM row k" G
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n-T n-T
" In Energy-Neutral computing, j P,(t)dt = j P.(t)dt overa‘large’ T
(n—-1)-T (n-1)-T

" In Power-Neutral computing, P,(t) = P.(t) (or as close as is possible)

" Modulate the power consumption using DPM ‘knobs’, e.g.:
— Clock frequency
— Core voltage and clock frequency
— Power gating processor elements
— Mapping execution to different combinations of processing elements

— ... etc
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" On our embedded platform, power-neutrality significantly reduced Hibernus overheads
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= Applied to the ODROID XU-4 MPSoC powered by a 1340cm? Photovoltaic Array
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= System successfully operated for many hours during daylight
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" Energy harvesting and energy-neutral systems often
add significant complexity to become ‘battery-like’

» Taking an energy-driven approach to design gives
consideration to the energy source and its
dynamics as an integral part in the design process.

* Transient computing (computation only when
power is available) and power-neutral computing
(adapting computation to available power) can be
used in energy-driven systems.

" However, many significant challenges still remain!

. Continuous Task-based
Theoretical «— I adaptation | adaptation
| |
0 | " | .
Ener Desktop PC. | Energy Neutral
Swmgg - o—o ._ } o o P ENERGY-NEUTRAL
] power-Neutral | WSN Smartphone
; I i VeeZ Vi, VT
f ,:'I If energy-neutral rule is
| ! violated, system fails
/ /
/ 2
— o
e
/
/
4 y
] / 7
'y 60075, Sp
. ENERGY-DRIVEN Mg A7, Zer A
o SYSTEMS /@,7“% o ;','
o ) // / If supply is not transient,
TRADITIONAL ™. s / system still works
SYSTEMS /7 .
// ........... N\
//
s 7}94
// (‘(\% /VS/F
G,
i,
b’(‘

24



. Quest

IONS

?

LINIVERSITY OF

Southampton

Dr Geoff V Merrett
Associate Professor

Electronics and Computer Science

Tel: +44 (0)23 8059 2775

Email: gvm@ecs.soton.ac.uk | www.geoffmerrett.co.uk
Highfield Campus, Southampton, SO17 1BJ UK



