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Applications

Hand Tuned — Most energy efficient

— All concurrent operations
— Optimal serial ordering

— Worst case serial ordering

|CEM

Serial +
Serial -
Producer

Every 5 minutes:
Write prior samples
Sample photo active

Flash

Sample total solar A

Sample temperature
Sample humidity

Sensors

Consumer

Every 12 hours:
For all new entries:
Send current sample
Read next sample
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Sampling Power Trace
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- Log timeout -
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< timeout
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Overhead of ICEM to Hand-Tuned Implementation

= ADC Timeout + Power Lock Overheads
With 288 samples per day

~ 2.9 mAs/day Insignificant compared to total
=~ 1049 mAslyear 5.60% of total sampling energy

0.03% of total application energy
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Expected Node Lifetimes
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Evaluation Conclusions

 Conclusions about the OS

Small RAM/ROM overhead
Small computational overhead

Efficiently manages energy when given enough
information

» Conclusions for the developer
Build drivers short power down timeouts
Submit I/O requests in parallel



Conclusion

 ICEM: Integrated Concurrency and Energy Management
Device driver architecture for low power devices

At least 98.4% as energy efficient as hand-tuned
implementation of representative application

Simplifies application and driver development

Questions the assumption that applications must be responsible
for all energy management and cannot have a standardized OS
with a simple API
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Questions?

e SourceForge TinyOS CVS repository:
* http://sourceforge.net/cvs/?group id=28656
» Library components and interfaces
+ tinyos-2.x/tos/interfaces
¢ tinyos-2.x/tos/lib/power
+ tinyos-2.x/tos/system
 Example Drivers
* Atmega128 ADC: tos/chips/atm128/adc
¢+ MTS300 Photo: tos/sensorboards/mts300
* MSP430 USARTO: tos/chips/msp430/usart
¢ Storage: tos/chips/stm25p
* CC2420: tos/chips/cc2420





