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put(k. V) Gtk Recent records in upper levels (FD).
UK, V t :
et(k) Records may stay hot for a long time.
Hot records sink into the slow disk.

Can we keep hot records in the fast
Flush disk?

If full

Slow Disk L3
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Background: SSTables and blocks

sorted lexicographically
smallest > largeres

Alevel (e.g., L) [ ¢

SSTable files

Blocks, unit of reading
and compression

Key-value Records



Previous works
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Mutant: Stores hot SSTables in the fast disk.
LSM-t(?e

SAS-Cache: Caches hot blocks In the fast disk.

MirrorKV: . .
- Splits the LSM-tree into the key and value LSM-tree. ‘SSTables”
- Caches hot key SSTables in the fast disk.
- Retains hot blocks in the fast disk during compactions. ~ Blocks
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The granularity of SSTables and blocks are too coarse: “Records”
cold records In a hot SSTable/block.



Previous works (record-level)
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SA-LSM: L SMLA

- Accurately predicts cold data with survival analysis. SVTHE®

- Demotes cold records to the slow disk. Levels

Drawbacks: model too heavy, no promotion.
'SSTables

PrismDB:

- Estimates key popularity with the clock algorithm. Blocks

- Hot records are retained in or promoted to the fast disk R d\\‘

during compactions. ecoras

Drawbacks:

- Clock bits are indexed by a hash table: memory

consuming.

- Promotes only during compactions. Inefficient if read-
heavv
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HotRAP (Hot record Retention And Promotion)

- Record-level
- Tracks hotness of records with on-disk RALT: save memory.
- Two pathways for hot records to reside in the fast disk:

(2) Promote :
_< by flush |mmPAB

A
Retain(} (b)Y bibress-aware
hot records | | hot c@BRRCtON
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If full

v

Insert
key-value
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Promotion by flush (simplified)

Mut
Imms ImmPC
If full
Fast L1 I
Disk Lo mPC
Insert T

Slow Disk L3
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Promotion by flush (simplified)

Delete updated key K1

Mut T 2 7ot m T
’____Q_hyeck (very fast) ¥
Imms | s 25 1 K1 SSK 1 2 ImmPC
................. o
Fast L1 I
Disk Lo Get mPC
Insert T
Slow Disk L3



RALT: the hotness tracker of HotRAP
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Access key user12345

Value
Key  length Tick Score
Construct access record userl2345| 200 | 12 1
Buffer Bloom filters <— Check hotness of keys

- On disk (save
memory) l

- Exponential
- B
smoothing _
Scan hot records in
- Update L2 _ <— the compaction range

scoresduring . (sequential 1/O)
compactions



Evaluation

Notation Meaning Read-write ratio
RO read-only 100% read
RW read-write 75% read, 25% insert
WH write-heavy 50% read, 50% insert
UH update-heavy | 50% read, 50% update

B RocksDB-FD KXY RocksDB-tiered EZA HotRAP
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(a) hotspot-5% (b) uniform



Conclusion
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- Record-level retention and promotion: doesn’t waste FD.

- On-disk hotness tracker: RALT, save memory.

- Promote by flush under read-heavy workloads.

- Negligible overhead under skew and non-skew workloads.

Read our paper for more details:

- The algorithm to automatically tune the size limit of RALT.
- Cost analysis of RALT: disk, memory, 1/O

- Comparisons with other systems.

- Performance on real-world Twitter traces.



