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Designing Nanophotonic Interconnection Networks

» Architectural-Level Design
> Network topology, routing algorithm
> Analytical bounds on performance
> Electrical baseline network

» Microarchitectural-Level Design

ﬂ]]%l;:.ft.‘?]]— > Choose electrical vs. nanophotonic
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o) A - > Flow control and arbitration
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» Physical-Level Design
> Map parch design to physical substrate
> Assign wavelengths to waveguides/fibers

> Decide how to layout waveguides and
organize fibers
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Architecture-Level Design
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Microarchitecture-Level Design
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Physical-Level Design
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Recent Nanophotonic System-Level Research

Kirman, MICRO'06
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Honeymoon Period of
Nanophotonic System-Level Research

A » Drove excitement in system-level
>1000 System-Level community about this technology
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Possible Post-Honeymoon Research Trajectories?

A A
A A
Communities Diverge Disruptive Device Breakthrough
Maintaining Relevance Gap Solves All Challenges
A A
B B B o e 2 L L B B e 2
Stop Large-Scale System Research Meet in the Middle
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Goal for Nanophotonic Interconnect Architectures
Discussion Panel

N\’

OB

Identify critical challenges and key opportunities
for system-level research on nanophotonic
interconnection networks
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Nanophotonic Interconnect Architectures Panelists

José Martinez Ashok Krishnamoorthy Norman Jouppl
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José Martinez, Cornell University

Opto-electrical on-chip bus [MICRQO'06]
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Ashok Krishnamoorthy, Oracle
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Norman Jouppi, HP

On-Chip Nanophotonic Crossbar [ISCA'08]
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Discussion Topics

» What is the primary goal of system-level research in this area?
» What research methodology should be used to achieve this goal?

» What is fundamentally different from previous work on optical
Interconnects in massively parallel processors and/or previous
work on electrical chip-level networks?

» From a system-level perspective, what is the single most
challenging device or circuit design issue which could potentially
prevent mainstream adoption?

» Where in the system should architects focus their efforts?
Intra-chip? Intra-package? Inter-chip?

» Will nanophotonics fundamentally change the way we design the
whole system? How we design processors, accelerators, cache
coherence protocols, or memory hierarchies?
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