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Are Embedded Caches Effectively Utilized?
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Reality : Cache Redundancy
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Reality : Cache Redundancy
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Cache Redundancy — Root Cause
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Our Solution Is Logically Disaggregated Caches
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In RethinkDB, read- and write-induced redundancy cause high similarity across replica caches under
varying read-write mixes



Study of Real-World Systems

B’ RethinkDB NN QO ralite  BEEE@E)sPUNTERDE BRI T crssvon N HEHSE
1.0

0.8

0.6
Cache Similarity

Factor 0.4

0.2

0.0-

C D A

read-only read-heavy write-heavy

Similarly, all other systems also experience high cache redundancy across workloads
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LDC Realizes Its Architecture With Three Salient Features

Remote Cache Access

avoids read-induced redundancy

Selective Quick Demotion

avoids write-induced redundancy

Cost-Benefit Analyzer

admits into cache only when bené€ficial
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Done efficiently via one-sided RDMA
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Every replica is aware writes would pollute every cache.

25



Avoiding Write-Induced Redundancy via Selective Quick Demotions

So quickly demote written objects.

25



Avoiding Write-Induced Redundancy via Selective Quick Demotions

o Ty Put(F)
i Distributed Protocols | ¢ F
| |

| |

: Storage Engine :

| |

A (© B)(JD) |

| |

| |

| AJ BJIC)ID] |

! 3REE ]

So quickly demote written objects.

25



Avoiding Write-Induced Redundancy via Selective Quick Demotions

(CTTT T T T ~, Put(F)
i Distributed Protocols | ¢
I I

I I

: Storage Engine :

I I

A (© B)(JD) |

I I

I I

I Al|B g Q I
'\ E)(F)(G)(H ]

So quickly demote written objects.
Bypassing the cache kills write performance, no batching, no coalescing
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CBA picks the right balance automatically.
Admitting locally only when the gain from future local hits outweighs the coverage lost by evicting other objects.
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Three Implementations

Twig-KV — Eventually consistent system
Craq-KV - Strongly consistent system

RethinkDB — Production system
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Evaluation — Setup

Dataset: |0M key-value pairs, 24B key size, 100B value size
OrigCache: system with original siloed caches
LDC: system with LDC
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2.5-4.7x improvement for read-heavy workloads
Upto 5.9x for write-heavy workloads
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Evaluation — At What Cache Size Does The Unmodified
System Match The Performance of The LDC Version
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OrigCache requires 4.35x larger per-replica caches to match LDC performance
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More Results In The Paper

Microbenchmarks « Comparisons
« Read-only across uniform/zipfian/hotspot * Key-based routing (writes, nested queries, joins)
*  Write/read latency and write-around *  Cooperative caching (n-chance)
comparison * Better local cache policies (S3-FIFO)
Scalability * Real-World Workloads
* Replica scaling (3 — 5 replicas) * 50 traces from Twitter, Meta, Alibaba
* NVMe SSD performance * CBA efficacy analysis

* lLarger datasets (25M, 50M keys)
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Summary

Problem: Embedded caches in replicated storage systems waste memory — replicas manage their
caches in silos, redundantly caching the same objects

Logically Disaggregated Cache (LDC): Unify per-replica caches into a single logical cache
* Remote Access — reduces read redundancy, handles opaque queries
* Selective Quick Demotion — a tiny queue absorbs writes without polluting the cache
* Cost-Benefit Analyzer — balances coverage and redundancy across workloads

Results:
* Up to 5.9% throughput.
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Why Don’t Techniques from External Caches Work

Does not handle writes

Needs accurate routing
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CBA — Cost benefit Analysis

Dataset, # =D AR | C-(N*R) | D-C+(N-1)*R
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i
Cache, # =C

Access frequency

Y \.A N
uniquely disk redt}v‘dantly uniquely  disk
cached  access cached cached access

(@) No redundancy (b) Redundancy level = R

Figure 5. Cost-Benefit Analysis. The figure shows the analyses
performed by the CBA. In (a), the CBA explores the point with no redundancy.
In (b), the CBA explores the impact of redundantly caching top R objects on
all N replicas, which decreases cache coverage by (N — 1) * R,
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Evaluation —What Is The Benefit of Quick Demotion
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LDC trades of local hits for remote hits and achieves higher total hit rates by avoiding write-induced redundancy



Evaluation — How LDC scales
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