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LSM-Tree Data Structure
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• L2->L3 Compaction

• L3->L4 Compaction

L2

L3
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L4

• 3Copy & 3 Write 

• 5Copy & 5 Write 

Serious write amplification
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Compaction Problem

*Write Amplification Ratio(WAR) = 
𝐴𝑐𝑡𝑢𝑎𝑙 𝑤𝑟𝑖𝑡𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑡𝑜 𝑑𝑖𝑠𝑘

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑎𝑡𝑎 𝑤𝑟𝑖𝑡𝑡𝑒𝑛 𝑏𝑦 𝑢𝑠𝑒𝑟𝑠

Input Write Compaction Write

4GB 63.39GB

12GB 363.6GB
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4GB 15.9
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Motivation

1. KV items in T34, T35, T36 read from  T22, T32, T33.
KV items in T44 ~T48 read from T34, T35, T36, T42, T43

2. Repeated reads and writes during compaction procedures.
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Main Idea
• Real Compaction

• Virtual Compaction
Less I/O
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• L2->L3 Compaction

• L3->L4 Compaction

L2

L3
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L4

• 3Copy & 0Write 

• 5Copy & 5 Write 

Less Disk I/O
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Read Process
• Real SST Files
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Trigger condition: VCT

• Virtual Compaction Threshold  : threshold to trigger either virtual compaction
or real compaction 

• Algorithm

• VCT = 0  : Real compaction
• VCT         : Frequency of virtual compaction 
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Trigger condition: VSMT

• Reduce lookup I/O & Improve Read performance
• Small VSMT :  Read performance but Merge frequency
• Large VSMT :  Read performance   but Merge frequency

• Virtual SST files merge threshold  : the number of real SST Files which is the 
virtual SST File is derived from.

• Algorithm



Evaluation-YCSB

• 100% Write - dCompaction improves by 89.47%
→ virtual compaction reduce I/O overhead

• dCompaction I/O saving
• Read - 48.27%
• Write- 51.23% 
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• Lower Write Latency But Higher Read Latency
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