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Assise: High performance & availability

Main principle: Maximize use of client-local NVM

1. Low latency IO: Perform process-local & client-local IO

2. Linearizability and data crash consistency
CC-NVM distributed client-side NVM coherence protocol

3. High availability
Fail-over to cache-hot client replicas, recover client NVM caches

18
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Assise: Design summary

Main principle: Maximize use of client-local NVM

1. Low latency IO: Perform process-local & client-local IO

2. Linearizability and data crash consistency
CC-NVM distributed client-side NVM coherence protocol

3. High availability
Fail-over to cache-hot client replicas, recover client NVM caches

4. Exploit NUMA locality

5. Efficient NVM and network bandwidth use

6. Low-cost cold storage
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Evaluation
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Evaluation questions

ÅLatency: How close is Assise to raw, replicated NVM IO latency? How much 
faster is Assise than the state-of-the-art?

ÅScalability: By how much can CC-NVM improve multi-process and multi-
node scalability?

ÅAvailability: How quickly can Assise fail-over?

ÅMore results in the paper
ÅLarge-scale distributed storage, cloud application benchmarks, re-establishing the 
ǊŜǇƭƛŎŀǘƛƻƴ ŦŀŎǘƻǊΣ Χ
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Experimental Setup

Å5× dual-socket Cascade Lake-SP servers with 48 cores @2.2GHz
ÅAll nodes connect to an InfiniBand switch via 40 Gbps ConnectX-3 NICs

ÅEach node has 6 TB of Optane DC NVM and 384 GB of DRAM
Å6x DIMMs of NVM and DRAM per NUMA node

41
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Assise write latency is only 8% higher than raw NVM replicated write latency
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Microbenchmark: Scalability

ÅMulti-process benchmark to test scalability
ÅData & metadata operations (create file, write 4K, rename file)

ÅEmbarrassingly parallel: Processes write to their own private sub-directories

ÅReplication is disabled: Eliminate network bottlenecks of our testbed

ÅBenchmark runs on 3 testbed nodes
ÅBalanced deployment of processes over nodes

53
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Postfix: Scalable Mail Delivery

ÅWe replay 70GB worth of emails to a pool of Postfix Mail Delivery Agents
ÅDeliver to Maildir: Each inbox is a directory, contains 1 file per mail message

ÅReal email trace; average mail size is 200 KB

ÅWe use 3 nodes for mail delivery and 1 node for workload generation
ÅDelivery processes are distributed uniformly over nodes

ÅMail delivery load balancing
1. Round robin

2. Sharded across clients by recipient

58
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Postfix: Scalable Mail Delivery
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LevelDB: Fail-over to backup
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LevelDB: Primary recovery
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