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Outline

- DNA Storage Basics



DNA Storage Principle & Mechanism
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DNA Storage Principle & Mechanism

DNA Strand

Storage Density

(bits/mm?) Lifespan
HDD 100 ~ 5 years
SSD 1013 ~ D years
DNA |08 Centuries

High Density & Long Lifespan




A Typical DNA Storage Hardware
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A Typical DNA Storage Hardware
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A Typical DNA Storage Hardware
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DNA Storage Operation
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“Erase before rewrite”

Spot

> Encode > Synthesis > Storage > Sequencing > Decode >
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DNA Storage Operation
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DNA Storage Operation

How to integrate DNA storage into
current storage system?




Building a DNA Block

Simplicity

Random access
the fixed-size block
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IN vArious scenarios



Outline

- A Naive DNA Block Device



A Naive Design: Block Partition

_________________

0 1 e 999 Ilsco

__________________

Mapping consecutive strands

Gr Ty T INto a block
11000 !} 1001 I+ + +! 1999 1| SC 1

__________________

_________________

44 % % § % Assighing Physical Block Address

__________________ to each block (PBA)

_________________

N :: N+1 i---:N+999: SC N

__________________




A Naive Design: Block Operation
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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
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PB-scale metadata needs fo be stored in DNA!



Challenge:

Maintaining iIn-DNA metadata reintroduces costly DNA update
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Challenge:

Maintaining iIn-DNA metadata reintroduces costly DNA update
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- LIgSD Design



Dual Translation Layer

£ ] |8 1y

2| |Translaton Sz .

@) R PSRN °

S| —>| Tble | 28— -~

g (L]

S s B B e
¥ in DNA: 444

Also out-of-place update the translation table!
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Dual Translation Layer
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Sym biotic Metadato Access along with
physical block data
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Sym biotic Metadato Access along with
physical block data
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Delayed Invalidation
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Delayed Invalidation
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Delay invalidation to block read operation
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Delayed Invalidation

EB-Scale
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- EBEvaluation



Evaluation

* Simulator-based * Metrics
- Compared Systems - Read/Write Amplification
Request Read /Write Volume
- LIgSD = Our system Actual Read /Write Volume
- Coarse-DITL — 24 MB block size, - Extra Read Ratio
DTL in SSD Request Read Vol.ume
Caused by Write

- Naive Design Actual Write Volume



Evaluation: Microbenchmark
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Write amplification
reduce up to 107 X

Extra read ratio
Almost zero

Read amplification
Reduce up to 6,206 X
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Evaluation: Real-world Traces

Write Amplification
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Evaluation: Different Block Size
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4 KiB block size achieves the best performance
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Conclusion

A holistic DNA block device design
» Key idea: Out-of-place uvpdate
* Challenge: Maintain the in-DNA metadata is costly

« Key techniques:
- Dual Translation Layer

- Symbiotic Metadata

- Delayed Invalidation



