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Rationale %@
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@ The performance bottleneck of multiprocessors
has shifted from clock frequency to inter-core
communication capabilities.

Need for scalable communications for
multiprocessors — Network-on-Chip (NoC)
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@ As we move to the manycore era, the initial concept of
NoC may become insufficient from a communications
perspective.

Technology Core Density

Downscaling Upscaling

* Higher power consumption
* Higher multihop latency

* Higher router complexity

* Higher comm requirements

* Higher delay per length
* Higher power consumption
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From the communications side, dominant trends in NoC
are both neglecting and oriented to architecture

(N 0C> Qchlte c@
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NoC-aware Architecture Design? %@
N3Cat

Does the same happen the other way around?

<N OC> @”te CD

6/25/2013 7




Collaporative Efforts % N3Cat
d

We observed a surge in NoC research, a large part of
which has not found a corresponding architecture
research — potential «deadlock» situations
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Take the role of broadcast and multicast:

@ A vital part of on-chip traffic is broadcast/multicast:
© Cache coherence
© Synchronization
© Etc...

@ Some applications or algorithms could benefit from
broadcast/multicast.

@ However, broadcast has traditionally been costly and
avoided when possible.
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Should not there be a bridge between
these two research lines?

e
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State o the Art in NoCs
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@ Optimizing conventional wireline NoCs
© Enhanced routers
© Alternative topologies (mesh)

@ Alternative interconnect technologies
© Vertical Vias (3D)
© RF Interconnects
© Nanophotonics
© On-chip Antennas
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Emerging Interconnect Technologies — RE/Photonic NoC % -
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Emerging Interconnect Tecnnologies (1) %Dnsc .
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Advantages Downturns
3D NoC Reduced delay Heat effects
(short vertical Reduced hop count Scalability still poor
interconnects for 3D New network topologies
stacked devices) Hybrid approach
RF NoC Speed-of-light propagation | Difficulty to lay down
waveguides) Reconfigurable bandwidth
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Emerging Interconnect Technologies (11)

g N3Cat

Advantages

Downturns

Photonic NoC

(applying nanoscale on-
chip photonics)

Speed-of-light propagation
Low power
Extremely high bandwidth

Need for infrastructure
Need for non-photonic
support plane to scale.

Wireless NoC

(use on-chip antennas to
wirelessly communicate
cores)

Speed-of-light propagation
One-hop communication
Potential Reconfigurability
Hybrid Possibilities

Large Antennas
Still Low Bandwidth
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Graphene-enabled Wireless Network-on-Chip:
interconnecting the cores of a chip using Graphene
Wireless Communications.

Graphene-based T .
nano-antenna \__.--"~

Nano-transceiver

Processing Core

S. Abadal, E. Alarcén, M. C. Lemme, M. Nemirovsky, and A. Cabellos-Aparicio, “Graphene-enabled Wireless Communication

for Massive Multicore Architectures,” to be published in IEEE Communications Magazine, 2013. 19
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“Apart from the latency and pontential
reconfigurability benefits commented earlier,
GWNoC could provide an efficient and
scalable platform for broadcast and
multicast on-chip communications at the
core level”
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@ The grand vision includes a parallel communication
plane implemented by means of an optical NoC.

Nano-antenna +
Processing Core nano-transceiver

Graphene-enabled Wireless NoC
(for control and light flows of data)

* Inherent broadcast/multicast
* Reconfigurability

Graphene-enabled Photonic NoC
(for heavy flows of data)

* Extremely high bandwidth

* Low power consumption

, , Optical Transmitter
Optical Waveguide

Optical Receiver
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This vision will be possible by virtue of:
1. Graphene-based Antennas — Graphennas
2. Very High Speed Transceivers

3. Communications and networking solutions suited to
the scenario
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@ Why graphennas?

© Bandwidth insufficient as the number of cores grows for
metallic antennas.

© Metallic antennas too large with respect to core sizes
@ Current approaches use wireless for inter-CLUSTER communication
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First resonant frequency [THz]
i )
+ |
+

I1I0_ | 160 - 1(IJ1 - 102
Antenna length [um]

@ Downscaling a traditional antenna to a few um is not possible

@ Radiation frequency in the Optical Regime

@ Downscalability factor: ©(1/L_¢)

. Llatser, C. Kremers, A. Cabellos-Aparicio, E. Alarcén and D. N. Chigrin, “Comparison of the Resonant
Frequency in Graphene and Metallic Nano-antennas”, in AIP Conference Proceedings, 2012 25



Viotivation for graphennas
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@ Objective: antennas size compatible with core sizes

@ Resonant frequency of a 1 um-long metallic dipole antenna

f: radiation frequency
C/ /gr c: speed of light
f - —  ~ 100 THz — optical domain g,: dielectric relative permittivity
ZL L: antenna length

d: transmission distance

@ Not appropriate for omnidirectional wireless communications

® Very high channel attenuation: A ~ f2

© Low radiation efficiency due to limitations of the material

© Need for complex and expensive optical transceivers



NMotivation for graphennas
Q0.

@ Graphene-based miniaturized antennas
© Size in the um range
© Predicted to radiate in the THz band (plasmonic effects)

wopepc=O(1/L.yy)

10" Wogr = @(1/\/ Leyy)

First resonant frequency [THz]

Photonics 10° 10"
Antenna length [um]

Electronics

Microwaves
MF, HF, VHF, UHF, SHF, EHF

Visible X-ray y-ray

Frequency (Hz) 100 102 108 1012 1015 1018
kilo mega giga tera peta exa zetta
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@ Why graphennas?

& Bandwidth incuffici | | : :
metallicantennas-:

© Bandwidth is enough as we expect to work and radiate in the
THz band

& Matall hic it .
o C | eloss for L USTEF L
© Graphene antennas are size compatible with cores

@ Wireless communication at the core level could be achieved.



Area (mmz)

Enablers of: GWNoC - Transceivers % N3Cat
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@ Transceivers are needed to drive the signals to the antenna.
@ They must operate at the same frequency.

@ Tendencies pointing towards multigigabit rates and
approaching THz frequencies.

Energy (pJibitiem'?)

o

0 500 1000 1500 0 100 200 300 400 500 600 700 800
Operation Frequency (GHz) Operation Frequency (GHz)
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A new set of communication and networking solutions
must be developed for this unique scenario

Graphenna Communication Latency
and Networking >
THz Transceiver Solutions Throughput
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Enablers of: GWNoC — Communications ana. Networking % N3Cat

Impulse response design space exploration oriented to the design of
feasible modulation schemes approaching terabit per second speeds
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Scalability-based feasibility study, to:

@ Justify the suitability of GWNoC and in which conditions
@ Inspect the hybrid design space (e.g. Optical-wireless)
@ Provide design guidelines to implementation layers.

@ Provide potential performance to architecture layers.



Scalapility-basea Feasipility.

tuay. (1)

g N3Cat

@ Area and energy scalability of different interconnect
technologies and network architectures.
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@ Area and energy scalability of different interconnect
technologies and network architectures.

Proposed Figure of Merit (bitsufmmz]
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S. Abadal, M. lannazzo, M. Nemirovsky, A. Cabellos-Aparicio, H. Lee, E. Alarcén, “On the Area and Energy Scalability of Wireless
Network-on-Chip: A Model-based Benchmarked Design Space Exploration", submitted for journal publication, 2013.
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@ Latency/Throughput scalability of different network
architectures (enabled by emerging technologies)

Routed Mesh FDMA WDMA TDMA CSMA

W

2

Iy
Q
[ &)
-
L,
-
&)
c

g 800
4]
-

600

400

- 200

Throughput [Gbps] 80 160 240

S. Abadal, A. Mestres, E. Alarcén, M. Nemirovsky, H. Lee, A. Cabellos-Aparicio, “Scalability of Broadcast Performance in
Wireless Network-on-Chip", submitted for journal publication, 2013
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Impact on current architg_étures :

Novel architectures

New programming models
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Opportunistic Protocols

ptive Communications
re-Defined Techniques

( N/ )
Communications
and Networking
\_ J
4 )
Implementation (IC)
- Y,
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@ We hope this will trigger quality frontier research
arising from the interaction of NoC and Architecture
design layers.

@ So that, among others, GWNoC will enable scalable
next-generation manycore architectures.

Architecture
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Thank you for your attention!
Any question?
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Nanonetworking Center
in Catalunya

www.n3cat.upc.edu



