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DNA Storage Principle & Mechanism
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DNA Storage Principle & Mechanism

High Density & Long Lifespan
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DNA Storage Media
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DNA Storage Media

Chip
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DNA Storage Operation
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DNA Storage Operation
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DNA Storage Operation
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Building a DNA Block Device
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A Naïve Design: Block Partition
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Naïve 
Block
Device

A Naïve Design: Block Operation

…

…

…

…

…

SC 0

SC 1

SC N

Spot

DNA
Hardware

Write strands
of the block

Read all blocks
within SC 

1. Real all SC

Strand
300 nucleotides
KiB/s ~ MiB/s

SC
~1 million strands

~10s MiB/s

Spot
2,000 SCs

Erase before rewrite

WriteRead Erase

WriteRead Update

2. Erase Spot
3. Write new &

other block

Read and write 12 Million Blocks,
Extremely costly!

0 1

19991000 1001

N+999N+1

999

N

14



Out-of-place Update
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Out-of-place Update
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Out-of-place Update
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Out-of-place Update

PB-scale metadata needs to be stored in DNA!
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Challenge:
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Dual Translation Layer
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Dual Translation Layer
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Symbiotic Metadata
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Delayed Invalidation
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Delayed Invalidation
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Delayed Invalidation
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Evaluation

• Simulator-based

• Compared Systems

- LiqSD – Our system

- Coarse-DTL – 24 MB block size, 

DTL in SSD

- Naïve Design

• Metrics

- Read/Write Amplification
𝑅𝑒𝑞𝑢𝑒𝑠𝑡 𝑅𝑒𝑎𝑑/𝑊𝑟𝑖𝑡𝑒 𝑉𝑜𝑙𝑢𝑚𝑒
𝐴𝑐𝑡𝑢𝑎𝑙 𝑅𝑒𝑎𝑑/𝑊𝑟𝑖𝑡𝑒 𝑉𝑜𝑙𝑢𝑚𝑒

- Extra Read Ratio
𝑅𝑒𝑞𝑢𝑒𝑠𝑡 𝑅𝑒𝑎𝑑 𝑉𝑜𝑙𝑢𝑚𝑒
𝐶𝑎𝑢𝑠𝑒𝑑 𝑏𝑦 𝑊𝑟𝑖𝑡𝑒

𝐴𝑐𝑡𝑢𝑎𝑙 𝑊𝑟𝑖𝑡𝑒 𝑉𝑜𝑙𝑢𝑚𝑒
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Evaluation: Microbenchmark

Write amplification
reduce up to 107 ⨉

Read amplification
Reduce up to 6,206⨉
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Extra read ratio
Almost zero

LiqSD Coarse-DTL Naïve-Design
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Evaluation: Real-world Traces

Compared to Coarse-DTL,
Reduce up to 2,927⨉

Compared to Coarse-DTL,
Reduce up to 7⨉
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LiqSD Coarse-DTL Naïve-Design
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Evaluation: Different Block Size

4 KiB block size achieves the best performance
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Conclusion

• A holistic DNA block device design

• Key idea: Out-of-place update

• Challenge: Maintain the in-DNA metadata is costly

• Key techniques:
- Dual Translation Layer

- Symbiotic Metadata

- Delayed Invalidation
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