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1. Introduction to optical on-chip networks
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DS Optical Ne]@®

Interconnection network:
» Connects processors/cores, cache and memories
e Vital role in determining the overall performance of a
multiprocessor/multicore system

Networks-on-Chip:
* Very low-level interconnection network at the on-chip size
 Latency even more important
« Critical power consumption and associated heat dissipation
» Reduced buffering

Optical NoC:
e Overcomes high frecuency electrical problems
 Very high bandwidth and interconnect density
 Now becoming a possibility via integration through silicon
photonics
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N SNl N etwork reconfiguration

Reconfigurability on the interconnection
network can provide several benefits:

» Better adaptation of the network topology to the

evolving traffic. Electro
Mechanical
 Less congestion in the links, leading to faster (MEMS)

communications. switches

» Redundancy on the network connections against
failures of components. ~ Tunable

. lasers

* Versatility of the interconnection architecture for
specific computational problems.
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NN N\ ctwork reconfiguration

Reconfigurability on the interconnection
network can provide several benefits.

Microrin on
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» Low coupling losses

» High switching speeds (order of ns)

» Can also be resonant to more than one
wavelength
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Previous optical NoC

¥ architectures proposed

Mixed interconnection network:
« Fixed electrical control network Processor System Stack
» Optical data network - b g
» High-speed communication
» Small power consumption
* Off-chip BW = On-chip BW

Interaction between electrical and optical plane:
» Optical paths are used on a circuit-switched way in a
packet basis (one packet for each circuit)
» Messages in the electrical layer establish paths

On-Chip Photonic Communications for High Performance
 Set-up, ACK/Path-blocked and tear-down messages Multi-Core Processors
Keren Bergman, Luca Carloni, Columbia University

. . . . . JeffreyKash, Yuri Vlasov, IBM Research
M. Petracca et Al., “Design exploration of optical interconnection networks for chip & i ' '
multiprocessors,” Proc. 16th IEEE Symp.on High Performance Interconnects, 2008.

Main issues:
» The set-up time is long if we use the established path only for one message
 This proposal is thus valid only for large data messages
« Switching the microrings more often means a significant increase in power
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Non-blocking torus:

* N(number of cores)=4x2 (up to 36)

* N2/4 switches

* N/2 warp around links

* 960 Gbps per node (using TDM-WDM)

* Routing policy:
* Allow two nodes to inject/eject messages
on each row/column through gateway
« XY minimal routing, columns first

« Same spacial distance between every node

with its neighbours

» Non-blocking router:
* It is implemented with 8 microring non-
blocking structures (0.07 mm?2)
 38.5 GHz bandwidth, single wavelength
* None, two or four microrings are involved
to route four lightpaths simulateously

Network topology

Chip Multiprocessors

Input  Cutput

Design Exploration of Optical Interconnection Networks for

Michele Petral¥@tBenjaM@8. Lee, Keren Bergman, Luca P. Carloni
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» Based on same microring router approach, but with a “slow”-switching optical
layer that allows for reconfiguration of longstanding traffic patterns (mem locality).

 Photonic circuits (elinks) are used as short cuts between the most
communicative and distant node pairs.

» Topology changes follow the dynamics of the traffic:
» Measurement of the busiest node pairs in the reconfiguration interval (1 us)
» Assignment of the elinks:
t..: selection time of possible circuits (elinks) to be established
t,,,- switching time to create the optical elinks
» Transmission of data through the elink and new measurements for the next

interval. _ At=1ps l l
observer —Y measure 0 i{ measurel [Y| measure? —E—»
selector select 0 — select 1 —
network configure 0 —
time
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NS P o\ver consumption

* Reconfigurable layer:

— Based on slow-switching devices (nanoseconds instead of 30 ps)
— Only active microrings on the router will be powered
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N Pover consumption (1)

Electric part:

Num elinks *
/ Base link activity

4 N

Base link activity

Tile length Electrical routing
(1.67 mm) (0.35 pJ/bit)
Electrical link power Electrical link static power
(0.34 pJd/bit/mm) @10-40 Gbps
Electrical buffering (0.25-2 mW)

(0.12 pJ/bit)
Electrical cross of switches

K (0.36 pJ/bit) / \ /
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Photonic part:

Num elinks +
N L . A
Base link activity Optical link static power
Optical link power (500 pw)
(0.5 pJ/bit)
AN J

Microrings power
+ (400 pw)
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Simulation environment

Sunfire servers @::%Sun
UltraSPARC  UltraSPARC
1 T2
T_reconf lus lus
T sel =1us =1us
T_switch =0 us =0 us
Cache Size (L2) 512 KB 32 KB
Cache Size (L1i/d) 32 KB 64 B
Processor speed 2.5 GHz 2.5 GHz
Routing Latency =1ps =1ps
Bandwidth 10/2.5 Gbps 10/2.5 Gbps
Elink Bandwidth 10 Gbps 10 Gbps

Benchmark applications

SPLASH-2
Scientific
parallel
algorithms




N2 Simulation environment (11

* Architectures simulated:
— 16 USIII cores, single threaded
— 16 USIII cores with 4 threads running per core (64 threads total)

— 64 UST2 cores, single threaded
* Electrical links unning @ 10 Gbps and optical @ 40 Gbps

* Networks compared: “slow” and “fast”, reconfigurable and not.

 We measured the average hop distance between node pairs in the
topology, the average memory access latency and the total power
consumption of the interconnect.
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Nl \emory access latency
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16 cores 64 cores 16 cores
4 threads per core
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Dl Power consumption (16c/4thr)
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Introduced a reconfigurable optical interconnect for a NoC
multicore system.

It makes use of low-power photonic switches, based on

microring resonators, to route messages over a
reconfigurable optical layer.
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Thank you for your attention

lartundo @ tona.vub.ac.be
More info at http://tona.vub.ac.be
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