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Big Data Era

Data is doubled almost every 2 years
44 Zettabytes in 2020
175 Zettabytes in 2025

Annual Size of the Global Datasphere 175 ZB
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Source: Data Age 2025, sponsored by Seagate with data from IDC Global DataSphere, Nov 2018

Image from: https://www.seagate.com/files/www-content/our-story/trends/files/idc-seagate-dataage-whitepaper.pdf
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How to Store these Data?

50 trillion DVD movies
o000
\ More than 1 billion drives with the size of 16 TBI1l
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[1] https://www.seagate.com/enterprise-storage/
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How to Store these Data?

Looking for an emerging storage device:
« Keeps data longer
* Has higher areal density

[1] https://www.seagate.com/enterprise-storage/
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DNA Storage

 High spatial density
» Atheoretical density of 455 EB/g [l

* Long persistency
» Several centuries 23]
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Background of DNA storage

 Nucleotides: molecules form the building blocks of DNA. g
 Adenine (A) <-> Thymine (T) ‘-
« Cytosine (C) €<-> Guanine (G) G >‘
Figure 1

Encoding Synthesis Sequencing Decoding

10101110... ATATTAAG...
1010.1111... TATCGTAC.

TAGCCGGT... 10101110...
ATAATTGA ... 101_01111...

DNA storage

Center for Research in
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Existing Work

Feasibility, but no scalability!
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Our Contributions

e |nvestigate the effect of different factors on the capacity of DNA storage (in-
house simulator)

e Analyze trade-offs between different factors and scalability of DNA storage
e How to index the whole world’s data in DNA storage
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Primer: is used to read data out (sequencing

process based on Polymerase Chain
Reaction (PCR))

Index: distinguishes DNA strands in the
same primer pair

Payload: useful information

ECC.: corrects errors from synthesis and
sequencing processes

PF (primer factor): N DNA strands
attached to the same primer pair

Coding density: useful information (bit)
Info = coding density * l,qy10aa

Solubility
Droplet volume

C Rﬂl[%s Center for Research in
Intelligent Storage

One pair of primers

Factors and Modeling of DNA Storage

’ L
DNA strand

lprlmer lmdex lpayload lECC lprlmer

>

A

L= lprimer ¥ 2+ lingex + lpayload + lgcc

(Iprimer 1s about 18 — 25 bp)
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DNA Storage Trade-offs: varying DNA length (L)

L I _ lECCI lpayload ? lindex -

L =100 — 3000 bp
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DNA Storage Trade-offs: varying coding density

Coding densityI > lECCI

lpayload l

lindex —

Coding =0.29 - 2 10,

1071,
1072

e T ]
- — -l —i-u
i@ === @000
'3 ____________________ o— o— o0 |
Max Solubility —B—  PrimerB (PF=109)

PrimerB (PF=10°) —&—
PrimerB (PF=107) ——

PrimerB (currPF) = @ = _
bibs W |

Total capacity per tube (GB)

0.2 04 06 08

Center for Research in
Intelligent Storage

C R%HFZS

13

1 12 1.4
Encoding density

16 18 2

M UNIVERSITY OF MINNESOTA




Store the Whole World’s Data based on Today’s Technology

_

— 660 GB per tube

Whole world’s data (ZB) 44
DNA Strand Length(bp) 300 )
Primer length (bp) 20
Coding density 1
ECC 15% ta
Tube size (mL) 1.7
Max DNA solubility in liquid (mg/mL) 500
Droplet size (mL) 0.001
PF 1.55*10E6

more than 101!
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DNA Storage Indexing

Block-based storage device: 'eA”
{ \
External index:
offset, Primer pair #1
soer | pimeroara | ™= len * # of entries * # of tube ~77TB
offset,, Primer pair #M
Object-based storage device: len

A
{ \

Externalindex:

ID,; Tube #1 Primer pair#1 | IndeXg IndeXend1

’ mesel- len * # of IDs ~7.17*10"5 TB
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o o Indexing for the object-based storage
device is more challenging
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Conclusion

e Modeling of DNA storage based on different factors
e Investigate the trade-offs between different factors
e Scalability of DNA storage

e Introduce simple schemes to index the whole world’s data in DNA
storage
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Thanks!

lixx1743@umn.edu
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