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Battery-less Energy Harvesting loT nodes

Safe & Efficient Intermittent Computing

Intermittent system

* Compute when possible
* Deal with intermittency
Idle when energy is low

Eliminating electro-chemical batteries from Energy Harvesting loT nodes
* Extend lifespan while decreasing needs for maintenance
Reduce environmental footprint [3]
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Energy source
(solar panel)

Available energy

Building blocks already available

» Efficient and fast Non-Volatile Memory
(NVM)

Ultra-low-power microcontrollers
Supercapacitors
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Efficiency

* No useless computations
Minimize overhead

No useless checkpoint

o Restare

volatile data

Save
volatile data

.I Replenish .

. Execute
capacitor program

What about energy availability?
* |n limited quantity at a given time
Is it too limited to perform complex functions (Al, signal processing)?

Safe intermittency
* No uncontrolled power failure
» Static guarantees (e.g., atomicity, forward progress)

No! The solution is to weave together computation steps and idle periods to spread the
execution over several charging cycles == intermittent computing

RESURRECT: an energy-aware runtime for intermittent systems

Objectives Evaluation Number of inference  WCET of Number of inference  WCET of
. . . . Completed inference Completed inference
* Hw & Sw tasks, reactive and periodic functions * Example of DNN benchmark P P
. . . . . RESURRECT 21 71.6 11 111.6
* Offline computation of optimal schedules [2] * Radio Frequency (RF) energy harvesting T T Tl T - 5140 3 3941
* Weave optimal computation steps and idle periods setup Alpaca 15 7 57 7 159 is
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Objectives

Minimize overhead of intermittency management

int sum = 0;/Save checkpaoint here?

for(int i 0; i< SIZE; i++)
sum += array['lj\Save checkpaint here?

*/ Save checkpoint here?

f(sum)’

a “\Store in VM or NVM ?
Store in VM or NVM ?

Split functions that take more than one charge to execute

SCHEMATIC: Joint checkpoint and memory allocation A 2=

* Energy efficient memory mapping between checkpoints sum [3 £| [sum[3

* Insert checkpoints based on worst-case energy budget cas Cac ?JcAB g ./JcAB

* Target the most frequent paths first B p B B

* Account for limited size of volatile memory sum | 2 2| [sum |2

* Ensure forward progress across load cycles CBD\ /CCD ?chD z xchD
D i D

Evaluation: SCHEMATIC vs. SotA D sum [ 5 sum [ 5

* On average: 51% less energy consumed
* No useless computations
* Small number of checkpoints

a. Analyzed CFG b. Path (4, B, D)
before analysis

c. Path (4, B, D)
after analysis

? Potential checkpoint location
X Checkpoint location disabled

() Basic block
v Checkpoint location enabled

Bird Song Recognition Sensor (WIP) Main publications

Software stack
LLVM+SCHEMATIC v
RESURRECT v
Hardware platform

System design

* Functional design v/

* Platform design

Software payload

* Signal acquisition v/
Event detection v/

* Classification (CNN) v/

» Storage/communication v

 Solar panel for EH Vv

v Done

* TI MSP-EXP430FR5994 Launchpad v

* Microphone, LPWAN, external NVM v
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