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Libra Contributions

Libra 1O Scheduler

Provisions low-level 10 allocations for app-request reservations
w/ high utilization.

Supports arbitrary object distributions and workloads.

2 key mechanisms

Track per-tenant app-request resource profiles.
Model 1O resources with Virtual IOPs.
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Provisioned Distributed Key-Value Storage
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Workload-dependent |O Amplification

LevelDB (LSM-Tree)

— PUT K,V3
) ' |
all 30 | I PUT write 10
- IIIII 2 25
7 - 2
o A M = 20
v ] inde) 2 g
H — S0l
VL] sinded £
— F @, Q 5
< (L VY dindex o | .
ol o T B % B I 9@4&
2>
8 v | | sindex GET/PUT Request Size
A O



Workload-dependent |O Amplification
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Workload-dependent |O Amplification
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Workload-dependent |O Amplification
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Libra Tracks App-request |O Consumption to
Determine |O Allocations
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Unpredictable |O Interference
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Write IOP Size (KB)

21

Unpredictable |O Interference
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Libra Underestimates IO Capacity to Ensure
Provisionable Throughput

Provisionable 10 throughput = floor(workloads)
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Libra Underestimates IO Capacity to Ensure
Provisionable Throughput
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Non-linear 1O Performance
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Libra Uses Virtual IOPs to Model |O Resources
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Libra Uses Virtual IOPs to Model |O Resources
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Libra Design
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Evaluation

Does Libra's |O resource model achieve accurate
resource allocations?

Does Libra's |O threshold make an acceptable tradeoff
of performance for predictability in a real storage stack?

Can Libra ensure per-tenant app-request reservations
while achieving high utilization?



Libra Achieves Accurate 1O Allocations
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Libra Achieves Accurate 1O Allocations
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VOP Cost (op/KB)
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Libra Achieves Accurate 1O Allocations

Min-Max Ratio =
Min Throughput Ratio / Max Throughput Ratio
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Libra Trades-off Nominal IO Throughput For
Predictability
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Libra Trades-off Nominal IO Throughput For

Predictability

Unprovisionable Throughput As a
Percentage of Total Throughput

Percentile
Workload 10th 50th 80th All
30.5%| 40.5%| 45.8%
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Libra Achieves App-request Reservations
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Libra Achieves App-request Reservations
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Conclusion

Libra 1O Scheduler

Provisions 10 allocations for app-request reservations w/ high utilization.
Supports arbitrary object distributions and workloads.

2 key mechanisms

Track per-tenant app-request resource profiles.
Model IO resources with Virtual |OPs.

Evaluation

Achieves accurate low-level |O allocations.
Provisions the majority of |O resources over a wide range of workloads

Satisfies app-request reservations w/ high utilization.



