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DNA digital data storage

BeepeHue

® [lpoLecc KOANPOBaHMNSI U AEKOANPOBAHNA BUHAPHBIX AaHHbIX
13 nocnefoBaTeNibHOCTEN HYKNeoTUAOB.

® [meer OI'pOMHbIﬁ nOoTEHUMAN NCNONIb30BAaHNA, HO OYE€Hb
BbICOKNE 3aTpaTbl NO NCNOJIb3OBAHUIO.

® B utoHe 2019 roga 6bin 3akoauposarbl Bce 16 GB
aHrnuiickoli Bukunegum ¢ nomowbto uckyccreenHoin JHK.

® Immobunusauus ogHouenodedroin JHK Ha Teepgom
HocuTene, amnandnkauus nocnenosaTeNbHOCTENR
nosmmepasHoi uentoin peakuweii (MLUP) n mapkuposka
oTaensHbix ocHoBaHuii JHK komnnemeHnTapHbiMuy
OCHOBaHUAMM, MeYEHHbIMUN DIYOPECLIEHTHBIMMN MapKepaMu.
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DNA digital data storage

Bonee nogpobHo

e [1HK npepctaBnsieT coboil A/IMHHYIO MONIEKYJY, COCTOSILLYIO U3
YEeTbIpeX HYKIEeOTUAOB, MO CYyTU YETbIPEXDYKBEHHbI andasuT.

® HesddpekTnBHO cuHTe3MpoBaTh anunHHble HUTM JHK, a Takxe
HEBO3MOXHO MPOCTPAHCTBEHHO YNOPAAOHUTL UX.

® Ha cerogHswHuii feHb MHOPMALMS XPAHUTCS HA KOPOTKUX
nocnegosatensHocTsix JHK (He bonee Heckonbkux coTeH
HYK/1EOTUAOB).

® [lpocTeiiweii MaTeEMaTUYECKOW MOAENBIO CUCTEMbI XPaHEHUS
OHK siBnsieTcst kaHan nepemMelLnBaHms.
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Tunbl kananos
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Binary deletion channel with shuffling

Onuncanne cxembl

X = [Xi, ..., Xm] - Bxog kaHana - M ctpok gautbl L.
Y = [Y1,..., Ym] - Bbix0og kaHana - M cTpok HEW3BECTHO AJINHBI.
S e {1,2,..., M} - cayuaitoe nepemelumsanve.
X n'Y mexgy coboii cBsizaHbI:

S(k)

vl X,El], C BEPOATHOCTbIO 1 — p
1] C BEPOSATHOCTLIO p
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Binary deletion channel with shuffling

Onuncanne cxembl

e Bcero kogosbix cnos: 2MLR
e Konuuyectso NHMOPMALMOHHBIX BUTOB B CTpOKe AnHbI L:
LRgpc

e Konunyecteo nHOpMaunoHHbIX BUTOB AN XpaHEeHUs
nHgekcos: log M

e Konuuecteo adpdpektusHeix butos: LRgpc — log M
® CKOpPOCTb CXEMbI:

M(LRgpc—|OgM) - R _l
ML — RBDC B
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Binary deletion channel with shuffling

(T 1 —1
1 BDC(p) XA shuffling A
—1 1 X1
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L = Blog M
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Binary deletion channel with shuffling

Onuncanne cxembl

C:(l—Po)(l—%)

® KoHkaTeHalsi KaHaJoB.

® pg - BEPOSITHOCTb TOrO, YTO Ha BbIXOAE U3 KaHana Mbl He
NONYyHUM NCXOAHYHO NOCNe[oBaTE/IbHOCTb, T.€. 4YTO
Npon3oiagT xoTa bbl ogHa oLmnbKa.

° % - BEPOSITHOCTb TOFO, 4YTO NPOU30NAET NnepemMeLlnBaHuE.
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Binary deletion channel with shuffling

Onuncanne cxembl

1 .
C = Cgpc—— - éMKOCTb KaHasa C BbINaAEHUSAMU 1 NEpPEMELLINBAHNEM

B

® [lepemelLmBaHNE MOHWXKAET EMKOCTb Ha % 6ur.
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Binary deletion channel with shuffling

BerHVIe N HUXXHNE TpaHULbI

Ci=plogp+ (1 —p)(1+log(l—p)) - HuxHss rpaHmua

® BbiBogutcs n3 obueli HuXHeN rpaHnubl 4is KaHana c
BbINAAEHMAMU 1 CTUPAHNSMU:
C(p,r) <(1—p)logqg+ plogp— Hy(r,p), rae q - MowHOCTb
andasuta, He(r,p) = —(1—p—r)log(l—p—r)—p Iog(ﬁ)
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Binary deletion channel with shuffling

BepxHue n Hu>xHWe rpaHuLbl

1
C, =min(1l — p,1 — =) - BepxHsisi rpaHnLa

B

e OyesngHol
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Binary deletion channel with shuffling

BepxHue n Hu>xHWe rpaHuLbl

p*log(p)+(1-p)1+log(1-p))-1/betta
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Binary deletion channel with shuffling

BepxHue n Hu>xHWe rpaHuLbl

1o p*log(p)+(1-p)1+log(1-p))-1/betta
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Binary deletion channel with shuffling

BepxHue n Hu>xHWe rpaHuLbl

1o p*log(p)+(1-p)1+log(1-p))-1/betta
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Binary deletion channel with shuffling

BepxHue n Hu>xHWe rpaHuLbl

1o p*log(p)+(1-p)1+log(1-p))-1/betta
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Binary deletion channel with shuffling

BepxHue n Hu>xHWe rpaHuLbl

1o p*log(p)+(1-p)1+log(1-p))-1/betta
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Binary deletion channel with shuffling

A.C. [onrononos, paHuubl nponyckHoi cnocobHocTn kaHana
B owmbkamu cunxpormsaumn. Mpobnembl nepeaayn
undopmauuu, Tom 26, Mockea, 1990

® Seiyun Shin, Reinhard Heckel, llan Shoromony, Capacity of the
Erasure Shuffling Channel, ICASSP 2020

® [lan Shoromony, Reinhard Heckel, Capacity Results for the
Noisy Shuffling Channel, ISIT 2019

® [lan Shoromony, Reinhard Heckel, DNA-Based Storage: Models
and Fundamental Limits, ISIT 2017
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