Silicon-Photonic Clos Networks for
Global On-Chip Communication

Ajay Joshi’, Christopher Battent, Yong-Jin Kwon#, Scott Beamer#,
Imran Shamimt, Krste Asanovic¢t, Vladimir Stojanovi¢t

*Boston University, Boston MA

'"Massachusetts Institute of Technology, Cambridge MA
*University of California, Berkeley, CA

HPEC 2009



Our target manycore system

512
256
128

(@)
S

Number of cores
w
N

—_
- DN B~ 00 O

64-tile system T~
1 or more cores per tile
5 GHz clock
~20 W power budget for network e o  Tiera
TFlops OTILE64
NVIDIA
Cavium OGT200
Octeon
MITo Razao oo
RAW XLR Rock
____________________________________________________________________________________________________________ N,ag,aoOCe“
Barcelona
O O Nehalem
Opt © XBox360
____________________________________________________________________________ Power4 o ORI o
286 386 486 Pentum P2 p3 ps o2 Powerb
o—® @ @ ® 000 @ ltanium

Athalon
>

1980 1985 1990 1995 2000 2005 2010 2015 2020

BU/MIT/UCB 2 Ajay Joshi



On-chip network topology spectrum
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Landscape of on-chip photonic networks
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o Photonic interconnect technology
o Photonic networks
o Electrical vs Photonic networks
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Photonic technology — Silicon photonic link
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Silicon photonic link — Coupler

( \ Ring Modulator Driver Receiver
Photodetector A ...

Coupler ey e SO\

EXternal and Taper .....
Laser : h
Source
Ring Modulator 3 Ri; Filter

with A1 Resonance Waveguide with AlgResonance )

\ J

Coupler loss =1 dB

BU/MIT/UCB

7 Ajay Joshi



Silicon photonic link — Ring modulator

Energy spent in E-O
conversion = 25 — 90 fJ/bt
(independent of link length)

Modulator insertion
loss=0-1dB
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Silicon photonic link — Waveguide
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Silicon photonic link — Ring filter, photodetector

Energy spent in O-E Photodetector
conversion = 25 - 60 fJ/bt loss = 0.1 dB
(independent of link Iength)\
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Silicon photonic link — WDM

Through ring loss =
1e-4 — 1e-2 dB/ring
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Silicon photonic link — Energy cost
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o E- O E conversion cost — 50-150 fJ/bt (independent of
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o Thermal tuning energy (increases with ring count)
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Electrical technology
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Electrical technology
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Electrical vs Optical links — Energy cost
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Electrical vs Optical links — Energy cost
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Electrical vs Optical links — Bandwidth density
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Distributed Multiplexer Crossbar
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Distributed Multiplexer Crossbar

«— Wavequide
o> Qg

Ja—

o Xy Tv Y

=
I&]a
L&]a
[T
o 9
R
\

N
> I
A
- -%T { {.-.-.02 |2 - k > 02
3 ? ? * ?
1Y %o /
|2 = o—>— (0O
3 K \ 3
Modulator/_! Ring filter
Electrical design Photonic design

BU/MIT/UCB 21 Ajay Joshi



Centralized Multiplexer Crossbar
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Centralized Multiplexer Crossbar
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Photonic crossbar for a 64-tile system
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Photonic crossbar for a 64-tile system
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Photonic crossbar for a 64-tile system
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Photonic crossbar for a 64-tile system
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Photonic crossbar for a 64-tile system
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Photonic device requirements in a crossbar
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Photonic device requirements in a crossbar
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Clos network using point-to-point channels
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Clos network using point-to-point channels
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Photonic Clos for a 64-tile system
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Photonic Clos for a 64-tile system
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Photonic Clos for a 64-tile system
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Photonic Clos for a 64-tile system
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Photonic Clos for a 64-tile system
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|+ 56 waveguides (for tile throughput = 128 b/cyc)
» 128 modulators per cluster

7 128 ring filters per cluster
[® « Total rings = 28K - 0.56W (Thermal tuning)

l

<lll
<llll

BU/MIT/UCB 38 Ajay Joshi



Photonic device requirements in a Clos
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Photonic device requirements in a Clos
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Photonic Crossbar vs Photonic Clos

Crossbar Clos

ij;? | i ’ 2 i 2
5w iam am =
FHEHE s L
S S C I
o 10 W power for thermal o 0.56 W power for thermal
tuning circuits (1 yW/ring/K) tuning circuits (1 yW/ring/K)
a For 2 W optical laser power a For 2 W optical laser power
= Waveguide loss < 1 dB/cm = Waveguide loss < 2dB/cm
= Through loss < 0.002 dB/ring = Through loss < 0.05 dB/ring

BU/MIT/UCB 41 Ajay Joshi



Outline

EEEEEEE oo
a|E\EEEEEE VNN IR
'EE'I%E%EE % E‘H‘”"'?U”
EEEEEEE i SALLERLLL

Mesh Crossbar

o Photonic interconnect technology
o Photonic networks
o Electrical vs Photonic networks

BU/MIT/UCB 42 Ajay Joshi



Simulation setup

o Cycle-accurate microarchitectural simulator

o Traffic patterns based on partition application model
= Global traffic — UR, P2D, P8D
= Local traffic — P8C

0 64-tile system, 512-bit messages
o Events captured during simulations to calculate power
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Power-Bandwidth tradeoff
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Power-Bandwidth tradeoff
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Power-Bandwidth tradeoff
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Conclusion

S EE e SR

(m) (=)= == E))E EH?] 'E:;YY\ZQ.._QY\ZYZ

e e SEALLIR AL

%g%gg%g Etttt NN

EECEEEEMEEEEEL: A B A
Mesh CMesh Clos Crossbar

o Accurate baseline electrical design required

o Need to carefully account for the energy components in optical
Interconnects
= E-O-E conversion, Thermal tuning power, Optical laser power

o Clos network provides comparable throughput at lower energy
for global traffic patterns

o More work required on the photonic device design
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Clos network using intermediate crossbar
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Clos network using intermediate crossbar
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Clos network using intermediate crossbar
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