BlockFlex: Enabling Storage Harvesting with

Software-Defined Flash in Modern Cloud Platforms

Benjamin Reidys* Jinghan Sun*
Anirudh BadamJr Shadi NoghabiT Jian Huang

*Co-Primary Authors

UNIVERSITY OF T

ILLINOIS Bl \icrosoft

URBANA-CHAMPAIGN




Cloud Storage: A Core Service in Data Centers Today

CiEdlEw




Cloud Storage: A Core Service in Data Centers Today

; ®
"0‘19.\>0 y
¢ N
CriERGEER
WS
/\

: /_‘_\// - \\/ A/
R E d LUEE - Graph Analytics




Cloud Storage: A Core Service in Data Centers Today

‘\K'\o

hadmap / x\ & cassandra

RedueE & Gmph anaviis | ROCksDB




Cloud Storage: A Core Service in Data Centers Today

cassandra

RocksDB

m d F Graph Analytics
4 ' I
Cloud Storage

~




Storage Virtualization: The Backbone for Cloud Services
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Cause 1: Low Utilization from Unallocated Storage
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Harvest VMs: Promising for Improved Resource Utilization
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Harvest VMs: Promising for Improved Resource Utilization

Harvest VMs shrink to avoid eviction by regular VMs!
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Harvest VMs: Promising for Improved Resource Utilization
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Harvest VMs: Promising for Improved Resource Utilization

What about Storage?




Storage Harvesting is Uniquely Challenging
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Is Storage Harvesting Worth It?
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Is Storage Harvesting Worth It?

40% of servers have
harvestable storage capacity
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40% of servers have
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40% of servers have
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40% of servers have Over 60% of harvestable storage
harvestable storage capacity lasts over 12 hours
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40% of servers have Over 60% of harvestable storage
harvestable storage capacity lasts over 12 hours
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Enabling Storage Harvesting with Software-Defined Flash
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Enabling Storage Harvesting with Software-Defined Flash
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Enabling Storage Harvesting with Software-Defined Flash
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Ghost vSSD: A New vSSD Abstraction for Harvesting
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Ghost vSSD: A New vSSD Abstraction for Harvesting
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Facilitating Storage Harvesting with a Learning-Based Approach
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Facilitating Storage Harvesting with a Learning-Based Approach
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Facilitating Storage Harvesting with a Learning-Based Approach
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Facilitating Storage Harvesting with a Learning-Based Approach
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Handling Mispredictions in BlockFlex
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Handling Mispredictions in BlockFlex
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BlockFlex: Enabling Storage Harvesting in Modern Cloud
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BlockFlex: Enabling Storage Harvesting in Modern Cloud

@

S’

Data S itv C f\ Enable Fine-Grained Hardware
ata security Concern E Isolation and Block Erasing

&

Storage Performance O‘ Minimize the Impact of
Interference S Harvesting on Regular VMs




Enforcing Data Security in BlockFlex

Channel

[ L]

Each gSSD is hardware
isolated from its vSSD




Enforcing Data Security in BlockFlex

Channel

[ L]

Each gSSD is hardware All blocks are erased
isolated from its vSSD after harvesting




Enforcing Data Security in BlockFlex
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Guaranteed Performance Isolation in BlockFlex
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Guaranteed Performance Isolation in BlockFlex
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Guaranteed Performance Isolation in BlockFlex
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BlockFlex

Implementation

Programmable SSD

1TB

16 Channels

16 KB/page

70 MB/s per channel

Regular VM Workloads
YCSB (Workloads A-E)

Harvest Workloads

Hadoop TersaSort
Graphchi PageRank
ML Image Preprocessing



Improved Cloud Storage Utilization with BlockFlex
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Improved Performance for Harvest VM with BlockFlex
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Improved Performance for Harvest VM with BlockFlex
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