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Executive summary

How to Improve cache effectiveness by avoiding redundancy across nearly
identical cachelines?

Observations: clusters of nearly identical cachelines in working set
Problem: how to use this to compress the cache ?

Key Idea: - group nearly identical cachelines via hardware-level dynamic clustering

- store each cluster as one clusteroid line + smaller deltas

Results: Higher Compression Ratio (up to 9.9x - 2.25x Gmean)



Limitations of existing methods
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Motivation: compressed caches

Prior work: Within Cachelines
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Motivation: compressed caches

Prior work: Within Cachelines
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Goal: delta compression in vertical fashion

New Method: Delta across cachelines
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SEARCH for Near Cachelines? Exhaustive-search- / Deduplication Hashing ?
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Goal: delta compression in vertical fashion

Prior work: Across Cachelines
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Thesaurus




Thesaurus

 Efficient near cacheline search
 How to encode compressed cacheline

e Low HW overhead



Idea: delta compression across cachelines
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stored compressed

* Q1: Are there enough nearly identical cachelines?

* Q2: How to find nearly identical cachelines quickly
* Q3: Do we need an on-line and adaptive mechanism?
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1.3x Only

Results reported
for SPEC CPU’17
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Enabling Near Match =» Big Compression OPPORTUNITY
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# members # clusters

Opportunity: clustering for quick search
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Cluster counters and sizes VARY PER WORKLOAD-> hardcoding is impractical



Opportunity: in HW clustering challenges

e Cluster counters and sizes VARY PER WORKLOAD > ADAPTIVE cluster creation

e Cache content is INPUT DEPENDANT =2 must happen at RUNTIME

* Quick and inexpensive clustering in HW > cannot use DBSCAN/KMEANS ...

In HW DYNAMIC and ADAPTIVE cluster creation without SCANNING



Thesaurus
Clustering



Clustering based on Locality-Sensitive hashing

Locality-sensitive hashing:
Same hash for similar blocks = Same cluster
Different hashes for dissimilar blocks.
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Locality-Sensitive hashing: overview

1: Random Bit Sampling
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Locality-Sensitive hashing: overview

1: Random Bit Sampling
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Locality-Sensitive hashing: overview

2: Random Projection = More efficient
Apply random matrix ~ N(u,0) =2 distance = w.h.p.
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Lots of storage and multiplication, big hashes=> BAD HW
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Locality-Sensitive hashing: in Thesaurus

Thesaurus: Novel HW-efficient Random Projection

statistical computing techniques - sparse {1, 0, —1}
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Cheap Operation, Small Storage



Locality-Sensitive hashing: in Thesaurus

Thesaurus: Novel HW-efficient Random Projection
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Thesaurus
Architecture



Thesaurus: architecture
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Thesaurus: insertion operation
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Thesaurus: insertion operation
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Thesaurus: insertion operation
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Thesaurus: read operation
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Thesaurus: read operation
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Thesaurus
Results



Results: compression and performance
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Summary

 Demonstrated significant similarity in data values of memory blocks across
different cachelines

* Proposed an efficient LLC compression based on clustering nearly identical
cachelines using locality-sensitive hashing

* Showed practical dynamic and hardware-friendly clustering

* Achieved Higher Compression Ratio, Less Miss Rate



