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g N3Cat

@ Severatechnologiedhavegoneinto de
nano-scale

© Chipindustry
L v (rew I @22nmarchitecture

© Genetics

© Materials
Graphene

@ Increasingesearchin nanomachinesand
nanonetworks



NanoNetworks @ Nacat

RE EARCHARIICLE

Creation of a Bacterial Cell Controlled
by a Chemically Synthesized Genome

Daniel G. Gibson," John I. Glass,* Carole Lartigue,” Vladimir N. Noskov,* Ray-Yuan Chuang,*
Mikkel A. Algire,* Gwynedd A. Benders,” Michael G. Montague,® Li Ma,* Monzia M. Moodie,*
Chuck Merryman,® Sanjay Vashee,* Radha Krishnakumar,® Nacyra Assad-Garcia,*

Cynthia Andrews-Pfannkoch,' Evgeniya A. Denisova, Lei Young,” Zhi-Qing Qi,*

Thomas H. Segall-Shapiro, Christopher H. Calvey,* Prashanth P. Parmar,* Clyde A. Hutchison 111,
Hamilton 0. Smith,? ]. Craig Venter™**

We report the design, synthesis, and assembly of the 1.08—mega—base pair Mycoplasma mycoides
JCVI-syn1.0 genome starting from digitized genome sequence information and its transplantation
into a M. capricolum recipient cell to create new M. mycoides cells that are controlled only by the
synthetic chromosome. The only DNA in the cells is the designed synthetic DNA sequence,
including “watermark” sequences and other designed gene deletions and polymorphisms, and
mutations acquired during the building process. The new cells have expected phenotypic properties
and are capable of continuous self-replication.

www.sciencemag.org/cqgi/content/full/science.1190719/DC19
April 2010; accepted 13 May 201@Published online 20 May 201010.1126/science.1190719
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Nanomachines @ Nacat

Approaches for the development afano-machines
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I. F.Akyildiz F.Brunetti, and CBlazquezéNanonetwork¥
Computer Networks, vol. 52, no. 12, pp. 228079, 2008.
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g N3Cat

® NanoNetworksthe interconnectionof
nanomachines

© will allownanomachineso executemore
complextasks

© will expandnanomachinesvorkspace



NanoNetworksg Molecular Communication s 4

@ Molecularcommunications averycommonprocessn
nature

@ Molecularcommunicationemerges as a new
communicationparadigm

®e o o
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MC ¢ Diffusion O

@ BrownianMotion : randomendlessmovement
of suspendegarticlesin a fluid

®@ChA Qana855) /= —D—

@ A. Einstein (1905) X,ms = V2Dt
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Molecular Communication @ Nacat

@ Informationcodifiedin
a2 f S CstizictSr&ize ARN)
© Concentratiorof moleculeq(i.e. calciumsignalling

@ Informationtransport
© Diffusion
© Flow
© Walkway
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Collectivediffusion @ Nscat

@ Diffusion equations are no longer valid if interactions among
suspended particles exist

@ Interactions
@ Collisions
© Electromagnetic forces
®© Chemical

@ A simulator is needed to model collective diffusion and validate
current theories on molecular communications
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N3Sim
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N3Sim- Demo @ Nacat

LYF2NXYIFGAOE 9Yy3IAYSSNAYy3I 5SIANBS:E Cl Odz Gl-lg RQI
Universitat Politécnica de Catalunyg11.



g N3Cat

Build a simulator that :

@ Allows study of the physical layer:
@ Signal modulation
© Communication mechanisms
@ Main communication channel metrics

@ Implements collective diffusion (Brownian motion + Collisions)

@ Is extensible. Future versions may include:
© Receiver and emitter modules
© More components of collective diffusion
© X



g N3Cat

@ FunctionaRequeriments
© Multiple Emitters and Receivers
© Custom emission waveform
© Collective Diffusion (Brownian Motion & Collisions)
© Initial background concentration

@ Nonfunctional Requirements
© Reliability
© Extensibility
© Modifiability
© Usabillity



N3Simc ProjectDevelopment @ Nacat

SpiralDevelopmen®& RapidPrototyping
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N3Simc Design & Implementation 4O

ConceptuaModel

receiver emitter---\

0,.%
0,.%

=<interface=>
=<interface=>

+ Emitter
T herener +emit{List=<Particle=time) : void
+count(List<Particle=) : int 75
FAN |
I =<=realize=>= |
=<=realize=>= : !
1 0
+ ParticleReceiver +iSphereEmiier
-+ double
+: double
- 4 : double
Y -particleRadius : doublg
-emitterRadius : double

T\ [f ~getNumParticlef) : int
+ SphericalReceiver| |+ CubeReceiver ﬁ lf !{i
-radius : double

-side : double + SquareWaveEmitter + NoiseEmitter

+ FromFileWaveEmitter

-amplitude : int -amplitude : double| |-file : String
-period : double

~readFile() : void
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N3Sim¢ Design & Implementation AT

3-LayerArchitecture& PackagesStructure

User Interface
Layer

Domain
Layer

Data
Layer
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Collision Detection (CD) Algorithn

LYF2NXYIFGAOE 9y3IAYSSNAY3I 5SANBS:E Cl Odz [il-zié RQ
Universitat Politécnica de Catalunyg11.



g N3Cat

@ N-body problem
®© Time Cost = Ofh

@ Sequential Process
® Each Collision means new Scenario
® Time Cost = #collisions *G}n
© Nosignificativeparallelization

@ Bottleneck



g N3Cat

@ Wellknown problem in graphics,
games and simulation software

@ Some algorithms take advantage of
© Spatial locality
© Temporal locality



CDc Stateof the Art O

@ Proven, efficient, easy to implement
@ Spatial & Temporal Locality

@ Time Cost
® First collision O(n2)
© Next collisions (ogn)
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CDc Stateof the Art O

| NIARGiQR

@ A posteriorialgorithm
© May lose collisions

Frame n Frame el
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CDc Implementation St
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CDc¢ N3Sim CRAlgorithm 4O

Stage Operation Time Cost
1 Pre-processing
la Sort Sphere List O(nlogn)
1b Create collisions queue O(relogn)
2 Processing
2 While collisions queue is not empty nciterations
2a Obtain first collision owQ
2b Solve collision o@)
2C Sort Sphere List o(n)
2d Delete invalid collisions 0o@)
2e Find new collisions O(nlogn)
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CDc¢ N3Sim CAlgorithm 4O

@ Cost(time) =nc* O(nlogn)

Time cost per collision
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FutureWork
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Future Work @ Nacat

i
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Conclusions
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Conclusions

@ A simulator has been build that

© Implements collective diffusiorbfownianmotion + collisions)
© Allows the identification of the molecular communication

channel

g N3Cat

@ N3Sim, simulator, source code, user guides and publications
available atvww.n3cat.upc.edu/n3sim

Third

NaNoMetworking
Summit

aNoNetworking Center in Catalunya @

N3Sim: A Simulation Framework for Diffusion-based
Molecular Communication

MN3Sim is a complete simulation framework for diffusion-based molecular communications, which
allows the evaluation of the communication performance of molecular networks with several
transmitters and receivers in an infinite space with a given concentration of molecules. Transmitters
encode the information by releasing particles into the medium, thus varying the concentration rate in
their vicinity. The diffusion of particles through the medium is modeled as Brownian motion, taking into
account particle inertia and collisions among particles. Finally, receivers decode the information by
sensing the local concentration in their neighborhood. The benefits of such a simulator are multiple:
the validation of existing channel models for molecular communications and the evaluation of novel
modulation schemes are just two examples

@ Download
@ Quick Start Guide
@ uUser Guide

@ Parameters List

Publications
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g N3Cat

Llatser I.,Pascuall.,Garralda N.,CabellosApariciq A.,Pierobon M., Alarcon E. and
SoléePareta J.,"N3Sim: A Simulation Framework for Diffusidrased Molecular
Communication,"IEEE TC on Simulation, No. 8, pg, Blarch 2011.

Llatser I.,Pascuall. Garralda N. CabellosApanqu Pierobon M., Alarcon E. and
SoIeParetaJ a9 ELJX 2 NR y3 uUKS t K & abased Moledular | yySt 21
Communication by Siulatione dubmittedfor publication March2011.

Llatser I.,Alarcén E.,Pierobon M.,a 5 A T Thdzad\Chafnel Characterization in
Molecular Nanonetwork€ & Proc. of the 1st IEEE International Workshop on Molecular
andNanoScale CommunicatiodMoNaCon), held in conjunction with IEEE INFOCOM,
April 2011.

Garralda N.,Llatser |.,CabellosAparicig A.,Pierobon M.,a { A Y dzbasédA 2 y
Evaluation of the Diffusiorbased Physical Channel in Moleculdanonetworks in
Proc. of the 1st IEEE International Workshop on MoleculaNarbScale
CommunicationNloNaCony, held in conjunction with IEEE INFOCOM, April 2011.



g N3Cat

@ Linear Timdnvariant (LTI) channel

@ Particle Counting Noise is a Poisson process
@ Modulation : Best performance with OOK pulse

@ Channel metrics

Metric EM channel | Molecular channel
Pulse delay O (r) O (r?)

Pulse amplitude | © (1/r?) O (1/r?)
Pulse width O (1) O (r?)

Llatser I.,Alarcén E. Pierobon M.,& 5 A T ¥ods@d\Chahnel Characterization in Moleculanonetworkg€ b Proc. of the 1st IEEE
International Workshop on Molecular atthnoScale CommunicatiodMoNaCon), held in conjunction with IEEE INFOCOM, April 2011.

GarraldaN.,Llatser |.,CabellosAparicig A.,Pierobon M., & { A Y dzbaséd Ealyiation of the Diffusichased Physical Channel in
MolecularNanonetworkg B Proc. of the 1st IEEE International Workshop on MoleculaNambScale CommunicatiodoNaComn),
held in conjunction with IEEE INFOCOM, April 2011.
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g N3Cat

@ Mostly educational simulators for Brownian
Motion

© Do not Include emitters/receivers
© Do not include collective diffusion

@ NanoNJJune 2010) : module for NS2
© Does not include collective diffusion

@ Universitadit SNJz3 A | &
nanoscale A 2{ 2 3 A O f{



N3Sim¢ Design& Implementation O

BlockDiagram

DIFFUSION
SIMULATOR

RECEIVERS
FILES (CSV)

¥

SCRIPTS
Organize raceivers CSV files.

¥

fiilt
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Molecular Communicationg N3SimVide ok 4
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