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Trends in data storage
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IO Completion
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Interrupt
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Polling (Classic)
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Issues
● High CPU utilization
● Occupies processor
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Polling (Hybrid)
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Related Work

● “When Poll is Better than Interrupt”
by Yang, Minturn, and Hady (FAST ’12)

● “Reducing DRAM Footprint with NVM in Facebook”
by Eisenman et al. (EuroSys ’18)

● “FlashShare: Punching Through Server Storage Stack from 
Kernel to Firmware for Ultra-Low Latency SSDs”
by Zhang et al. (OSDI ’18)

● Polling also supported in io_uring and SPDK
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Experimental setup
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Power Measurement
Onset HOBO plug meter logs 
power, current, etc., every 
second, for the entire system. 

Image from Onset Computer Corporation
Workloads
fio (“Flexible IO tester”)
● preadv2

– O_DIRECT
– RWF_HIPRI (polling)

● ext4 file system
● “none” IO scheduler

Range of request sizes and threads

https://www.onsetcomp.com/products/data-loggers/ux120-018/
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Goals of Polling
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Observation 1

Both classic and hybrid polling show
improved performance over interrupts.

● Shorter latency
● Higher throughput
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Obs. 1: Polling improves performance
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Obs. 1: Polling improves performance
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No benefit after 
saturation
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Obs. 2: Hybrid polling reduces CPU usage
over classic polling
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Costs of Polling
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Observation 3
CPU utilization does not directly correspond to 
power consumption of the entire system.
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Hybrid can exceed 
classic in power, 
while using less CPU
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Obs. 3: CPU does not directly correspond
with power consumption
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Observation 4
Hybrid polling triggers as many context switches as
interrupts, while classic polling triggers none.
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Observation 5
Hybrid polling has a high cost in load/store operations
associated with context switches.
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Obs. 5: Load/store costs
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Obs. 5: Load/store costs
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CPU scheduling due to context 
switches
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Obs. 5: Load/store costs
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Loads due to polling
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Observation 6

Polling can be 
more energy efficient 
than interrupts.
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Conclusions

● Both polling methods achieve their design goals of improved 
performance

● Hybrid polling does reduce CPU usage, but not power

● Classic polling is more energy efficient than both interrupts and 
hybrid polling for low latency requests

● Hybrid polling has costs of both:
○ context switching cost associated with interrupts
○ polling cost associated with polling
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Discussion

● ULL is so fast, consider using polling, even while 
valuing energy efficiency

● We expect even lower latency devices in the future
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Questions?
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