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Using programmable switches to handle cache coherence is promising ...

Programmable Switches Coherence Protocols
« Centralized hub & line-rate forwarding =——> < Multicast invalidation
+ On-chip memory (i.e., register arrays) = < Track cache copies’ metadata

< Atomic read-modify-write — < Serialize conflicting requests
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2. Limited switch memory
How to manage coherence of large amounts of data ?
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TB-level data ~10MB switch on-chip memory

3. Packet loss upon stateful switch
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Concordia Architecture
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Key Designs

Restricted expressive power

< In-Network Coherence Protocol

Limited switch memory

< Ownership Migration

Packet loss upon stateful switch

< ldempotent Operations
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In-Network Coherence Protocol

Write-invalidate protocol
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In-Network Coherence Protocol

Write-invalidate protocol Node 2 Node 3 ,
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? Limited switch memory cannot accommodate metadata of all cache blocks
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Ownership Migration

< If a cache block triggers lots of invalidations,

/ active \
migrate its ownership: Servers — Switch
< If a cache block is inactive, -

migrate its ownership: Switch — Servers \ inactive/

* For a cache block, its ownership refers to the right to manage its coherence.
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ldempotent Operations

? Packet loss due to switch buffer overflow

AN ! /
‘Q\;d" Make all operations both in servers and switches idempotent

On suspecting a lost request via timeout, the app thread retransmits it ...

Server ldempotence

X RequeStS contain Unique SNs (sequence number)

< Servers record SNs of executed requests,
to filter out duplicated requests

Switch ldempotence

< For each app thread, the switch records
whether it holds lock, to avoid deadlock and
repeated unlock
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More details: checkout our paper

< Design details
< Switch data plane design
< Cases of different requests (e.g., cache eviction)
< Handling failures of different components
< Correctness proof
< Corner cases of ownership migration
< Implementation details

< Network stack (RDMA)

< Cache organization (set-associative)
< Global memory allocation (two-level allocation)

< Synchronization primitive (rwlock)
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Benchmark

- Micro benchmarks (sharing ratio, locality ratio, reading ratio...)

+ Applications (key-value store, transaction, graph computation)
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Concordia effectively reduces network traffic
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< Zipfan 0.99 < Ported from GAM
< 8-byte key, 128-byte value < Share everything
< Hash table index < 32 warehouses
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Applications

« Zipfan 0.99 + Ported from GAM  Vertex-centric
« 8-byte key, 128-byte value « Share everything + Gather, apply and scatter
< Hash table index < 32 warehouses < Two dataset
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Concordia supports various applications, and boosts their performance
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Summary & Conclusion

< Problem
< Cache coherence is slow in modern DSM
< Key |ldea
< Using programmable switches, with switch-server co-design
< Techniques in Concordia
< In-network coherence protocol
< Ownership migration
< ldempotent operations
< Results

< Concordia outperforms state-of-the-arts

< Concordia underpins various applications
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