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Introduction: Nanotechnology .and-Nanodevices %QNBC .
a

I. FAkyildiz F.Brunetti, and CBlazquez"Nanonetworking A New Communication Paradigm,”
Computer Networks (Elsevier) Journal, Vol. 52, pp. 226®@, August, 2008.

@ Nanotechnologyis enabling the development of devices
which can operate at the nanoscale.

® Ananodevicas the most basic functional unit, which is
divided intoindependent

Transceivers Nano-Memory

nanoscale components and R gt ol

Antibody

it is able to perform specific
tasks atnanoleve] such as  amees
sensing, computing, data

storing, or actuation.

Nano-Processor
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lAtroduction: Inteéracuon petween INanodeVi
N3Cat

@ WHY?

Due to the reduced size of the nanodevices, their limitations
are clear:

@ Actuationrange

@ Capabilities
Nanonetworks expand the possible applications of single
nanodevices by a collaborative effort among them.

® HOW?
© Bacteriabased(Communication
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Introduction : :Bacteridased Communication, % N3Cat
a

Gregorj M. &Akyildiz Id & ! nagbBegworkarchitecture using flagellated bacteria and
catalyticnanomotorst Selected Areas in Communications, IEEE Journal on, 2010, 2816812

@ Basic concept:
© Use bacteria as carriers of encoded DNA packets

@ How do bacteria move?

© Chemotaxis: bacteria random walk which follows the
concentration gradient of specific substances (attractants)
In the environment.

® How do bacteria reach the receiver?

© Nanodevices stimulate the chemotaxis of bacteria towards
themselves by releasing attractants.
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IAtreduction:bacterianased L ommunicationit) %DNBC .
a

Cobo, L. C. & Akyildiz, IoF. O S MIBIR O2YYdzy AOlI GA2Y AY VYVIy2ySig2N] :
Nano Communication Networks, 2010, 1, 22466

@ Communication scheme

RELAYING
ENCODING ENCAPSULATION PROPAGATION DECAPSULATION DECODING
ADNA synthesis -l ABact. Conjugation * AChemotaxis -l ABacterial ADNA sequencing
AModify chemotaxis Conjugation
J\ J\ J
) 4 ) 4 ) 4
TRANSMITTER BACTERIAL CARRIER RECEIVER

@ Relaying process
®© The range of the attractant is limiteMulti-hop is needed
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VIOUVAUONS
N3Cat

@ To complete an analytical model for the previous
work.

© The propagation of bacteria was only simulated.
®© The capacity model was approximated.

© The delay was based on the simulated results.



contriputon:
N3Cat

@ An analysis of the effect of the mutations during
the communication process.

@ A theoretical study of the propagation of
bacteria.

@ Definition of two different communication
schemes based on bacteria.

@ The study of the capacity and the delay of these
systems.
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Effect of mutations: Introduction % @NBCat

® The information I1s encoded in a
DNA molecule calleglasmid

@ The basic information unit Is the — A
base pair(bp). el
i C

— G

@ A plasmid can contain up to 1.6
Mbp (millions of base pairs)
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EITeCt Of mutations=Errorsin the imntormat

Drake, J. WCharlesworth B.:CharlesworthD. & Crow, J. &wl (0 S a

Genetics1998 148 166%1686

g N3Cat

2F {LRydl yS2dz

@ Duringtheccommunicationprocesnultiple copiesof
the plasmid:areidone

@ In eachcecopy, mutations, may:alterthednformation.

RELAYING
ENCODING I ENCAPSULATION/DECAPSULATION] DECODING
DPU DNA DNA DPU
A A A A
S e S
C P ENC)  C P€prop C P DEG[ C
G G G G
T T T T
\ A A )
) 4 ) 4 ) 4

DNA Encoding

DNA copies (BCs)

DNA Decoding
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Effect of mutations: Probability .0f error %‘330“

@ Probability of error during the communication:

34 & 4 ?° N: Number of h
_ C : Number of hops
pe( N) = Z(i‘é '(%EL 'é Prnut 9 Pmui: Mutation rate
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Mutation rate
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Effect of mutations=Capacity %‘330“

Shannon,C.B! al GKSYIF GAOIf ¢ KSEheBel YFem/Techhicaddowmall G A 2 v €
1948 27, 379423

@ Capacityof a base pal(quaternary symmetric channel)

C=2 -H % b, ge ’ ge ’ ge H: Quaternary entropy
¢

2 -1

10° 10
Mutation rate
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FPropagauon mogdeis Cnemaota
- N3Cat

Berg, HHGiwl Y R2Y 2 | f {Riincatoh Univergity Rre3as

® Chemotaxis

© Bacteriarandom walkwhich follows the concentration
gradient of specific substances (attractants) in the
environment.
@ How does it work?
.  OUSNAI Y20S Ay A4ASNASa 27
© Without attractant, bacteria moveandomlyin the
medium, like a particle.

© With attractant, the movement of bacteria lBased
according to the attractant concentration.



Propagauon modelr DIfusion thec
- N3Cat

SchnitzerM. Ja ¢ KS2NE 2F O2ydAydzdzyY N}YyYyR2Y 4glf14a |yR I LIL
Phys. Rev. E, American Physical Society, 1993, 4823683

@ How to study?
© Diffusion theory.

@ Flux of bacteria (J):
J= D @X1) (Y ax)

© Where:
V2 v: velocityof bacteria
D=— n: numberof dimensions
Nga, (1' Q é’n 1) Dot @ n,tumblerate
5 ¢ : angularcorrelation
V.. = v gDC(l ) 92 D,,.: Rotationaldiffusion
drift N _ . .
nga, (1_ Q 1) D, g: Attractant sensinggain

C:Attractantgradient



FPropagation model: SOiutl
- N3Cat

@ Badiarti8liflereagabigoation

HCSJtL:D 0503, O vyl (0% JEX )

@ Gontipuidyinegle: c(x. 1), t>0
o(X,0)=d(X %)

pe(X, 1)
= J
® Drift velocity® Vv, BC
® Attractant concentration: c(ry = Q 8_1 Et‘fr'z?;g? rate
4bpr diffusion

coefficient



FPropagation model: Artivals aistrinut
N3Cat

@ With c, t), the probability distribution of
bacteria in the medium, the distribution of the
arrivals can be calculated:

Ea[‘rr (t) = ijx >C()_(, t)dVol <Rx>: Volume of

the receiver
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Eommumecationschiieniec Synchronous scheme

g N3Cat

@ Communication:schemes
© Synchronous scheme
© Asynchronousscheme

© Comparison



