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In-Memory Key-Value Stores

Fundamental building blocks for cloud services:
• Databases
• File systems
• Serverless platforms
• …
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Disaggregated Memory

Network
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Existing Semi-Disaggregated Key-Value Stores
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SEARCH:
1. Query the index with RPC
2. Read the KV pair with RDMA Read
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Existing Semi-Disaggregated Key-Value Stores
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UPDATE, INSERT, and DELETE:
1. Allocate memory blocks with RPC
2. Write new KV pair with RDMA_WRITE
3. Update the index with RPC
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Existing Semi-Disaggregated Key-Value Stores
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Problem: The metadata management 
still relies on monolithic servers!
⇒Cannot fully exploit the resource efficiency 

and elasticity benefits of DM
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Existing Semi-Disaggregated Key-Value Stores
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Problem: The metadata management 
still relies on monolithic servers!
⇒Cannot fully exploit the resource efficiency 

and elasticity benefits of monolithic servers
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Is it possible to manage metadata directly with clients?
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Challenge 1: Client-Centric Index Replication
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Challenge 2: Remote Memory Allocation
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Where to execute the memory management computation?



Challenge 2: Remote Memory Allocation
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Challenge 3: Metadata Corruption 
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Challenge 3: Metadata Corruption
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Challenge 3: Metadata Corruption
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Challenge 3: Metadata Corruption
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Challenge 3: Metadata Corruption
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Challenge 3: Metadata Corruption
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Challenge 3: Metadata Corruption
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Challenges
Summary
• Client-centric index replication

• Weak MN-side compute power cannot execute replication protocols

• Remote memory allocation
• Weak MN-side compute power cannot efficiently allocate memory spaces

• Metadata corruption
• Client-failures compromises the correctness of the entire KV store

•
22



FUSEE Overview
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FUSEE Overview
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FUSEE Overview
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FUSEE Overview
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FUSEE Overview
RACE Hashing
• One-sided RDMA-friendly hash index structure [ATC 21]
• Multiple 8-byte slots
• Out-of-place modification scheme
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Client-Centric Index Replication
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Client-Centric Index Replication
How to protect readers from reading incomplete values?
• Separate index replicas into primary and backups
• Resolve write-write conflicts on backup replicas
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Client-Centric Index Replication
How to efficiently resolve write-write conflicts on clients?
• Out-of-place KV modification  Conflict clients write different values
• Last-writer-wins conflict resolution  Simple rules on client sides
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Client-Centric Index Replication
How to efficiently resolve write-write conflicts on clients?
• Out-of-place KV modification  Conflict clients write different values
• Last-writer-wins conflict resolution  Simple rules on client sides
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Client-Centric Index Replication
How to efficiently resolve write-write conflicts on clients?
• Out-of-place KV modification  Conflict clients write different values
• Last-writer-wins conflict resolution  Simple rules on client sides
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Client-Centric Index Replication
How to efficiently resolve write-write conflicts on clients?
• Out-of-place KV modification  Conflict clients write different values
• Last-writer-wins conflict resolution  Simple rules on client sides
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Client-Centric Index Replication
A client is a last writer if:
• Successfully modified all backup slots
• Or, modified a majority of backup slots
• Or, writes the smallest value when there is no majority
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Client-Centric Index Replication
A client is a last writer if:
• Successfully modified all backup slots
• Or, modified a majority of backup slots
• Or, writes the smallest value when there is no majority
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Client-Centric Index Replication
A client is a last writer if:
• Successfully modified all backup slots
• Or, modified a majority of backup slots
• Or, writes the smallest value when there is no majority
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Client-Centric Index Replication
A client is a last writer if:
• Successfully modified all backup slots
• Or, modified a majority of backup slots
• Or, writes the smallest value when there is no majority
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Bounded latency for index read and write:

 1 RTT for read operations

 3-5 RTTs for write operations and 3 RTTs 
for most cases



Two-Level Memory Management
Challenge: Where to execute memory management logic?
• Key idea: Separate into compute-light and compute-heavy tasks
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Two-Level Memory Management
Challenge: Where to execute memory management logic?
• Key idea: Separate into compute-light and compute-heavy tasks
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Two-Level Memory Management
Challenge: Where to execute memory management logic?
• Key idea: Separate into compute-light and compute-heavy tasks

40

weak Memory Region Memory Region

Block Allocation Table Block Block

Size Class 0

Size Class 1

Block Block

Block

Free Bit Map Object Object KV pair

compute-heavy
fine-grained object allocation

compute-light
coarse-grained block allocation

Memory NodeClient



Embedded Operation Log
Challenge: An additional RTT to create a log entry before operation starts
• Key idea: Embed operation logs into KV pairs to reduce the additional RTT
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Embedded Operation Log
Challenge: An additional RTT to create a log entry before operation starts
• Key idea: Embed operation logs into KV pairs to reduce the additional RTT
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Embedded Operation Log
Challenge: An additional RTT to create a log entry before operation starts
• Key idea: Embed operation logs into KV pairs to reduce the additional RTT

43

Scattered in the 
memory pool!

Object

KV data Log Entry

Obj.Obj.

How to construct operation sequence?

Memory Pool



Embedded Operation Log
Challenge: An additional RTT to create a log entry before operation starts
• Key idea: Embed operation logs into KV pairs to reduce the additional RTT
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Embedded Operation Log
Challenge: An additional RTT to create a log entry before operation starts
• Key idea: Embed operation logs into KV pairs to reduce the additional RTT
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Embedded Operation Log
Challenge: An additional RTT to create a log entry before operation starts
• Key idea: Embed operation logs into KV pairs to reduce the additional RTT
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More Details
Correctness of SNAPSHOT
Adaptive index cache
Recovery
…
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Evaluation
Benchmarks:
• YCSB hybrid benchmarks
• Microbenchmark

Comparisons:
• Clover [ATC 20]
• pDPM-Direct [ATC 20]
• FUSEE-NC (no cache)
• FUSEE-CR (chain replication)
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YCSB Hybrid Benchmarks
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YCSB-A 
(50% UPDATE, 50% SEARCH)

YCSB-C 
(100% SEARCH)

Reaches up to 4.9x and 117x higher throughput than Clover and pDPM-Direct



Replication Latency
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UPDATE Median Latency SEARCH Median Latency

SNAPSHOT replication has bounded number of RTTs under various replication factors



Conclusion
• Existing memory-disaggregated KV stores still cannot fully exploit the 

resource efficiency benefits of disaggregated memory
• Semi-disaggregated architecture still relies on monolithic servers

• We propose FUSEE, a fully memory-disaggregated KV store
• Client-centric index replication
• Two-level memory management
• Embedded operation log scheme

• FUSEE outperforms the state-of-the-art memory-disaggregated KV store 
by up to 4.9x in YCSB hybrid workloads with less resource consumption
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Thank you! Q&A
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