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Article Overview

Optical network switchesin data center interconnects (DCIs) use non-blocking architectures and optical circuit
switching to achieve high bandwidth, low latency, and energy-efficient connectivity across large-scale Al and
hyperscal e networks.

Overview of Optical Switching in DCls

Data centers increasingly rely on optical interconnects to handle the exponential growth in traffic from Al,
cloud computing, and high-performance computing workloads . Traditional electronic packet switches face
l[imitations in bandwidth, latency, and power consumption due to repeated optical-to-electrical-to-optical
(OEO) conversions . Optical switches, particularly optical circuit switches (OCS), establish direct
fiber-to-fiber connections, enabling all-optical paths that bypass OEO conversions, reducing latency and
power usage significantly .

Anti-Blocking and Non-Blocking Architectures

A key challenge in optical switching is packet contention, as optical buffers are limited or nonexistent . To
address this, non-blocking or anti-blocking switch designs are implemented:

o Clos Networks: Multi-stage Clos architectures allow high port counts and strictly non-blocking connectivity,
enabling simultaneous flows without contention .

o Silicon Photonic Switches: These switches dynamically reconfigure global links to match traffic patterns,
supporting distributed deep learning and HPC workloads .

0 MEMS-Based OCS: Micro-electromechanical systems (MEMS) micro-mirrors enable direct fiber-to-fiber
connections, avoiding repeated OEO conversions and minimizing packet loss . These designs ensure that
conflicted packets are minimized, improving throughput and reducing latency in large-scale DCls.

Performance Metrics
When evaluating optical switches for DCIs, several metrics are critical:

o Capacity: High-bandwidth switching for inter-rack and inter-cluster communication .

o Latency: Microsecond-level or lower latency is essential for Al and HPC workloads .

o Scalability: Ability to scale to tens of thousands of nodes cost-effectively .

0 Reconfiguration Speed: Nanosecond to microsecond switching enables dynamic bandwidth allocation .

o Power Efficiency: Optical switches can achieve energy consumption as low as 1 pJ/hit, significantly lower
than traditional electronic switches.
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Advanced Implementations
Recent innovations include;

0 Co-Packaged Optics (CPO): Integrates optical modules directly with switch ASICs, reducing power and
improving reliability .

0 High-Speed Optical Modules: 800G and 1.6T optical transceivers are becoming standard for Al-focused
DCls, supporting massive east-west traffic .

o Distributed Data Center Architectures. Systems like DACON and Flexfly use nanosecond optical switches
to dynamically allocate resources, improving application performance and reducing power consumption .

Conclusion
Optical network switches with anti-blocking designs are essential for modern data center interconnects,
particularly in Al and hyperscale environments. By leveraging OCS, MEMS, silicon photonics, and CPO,

these switches provide high bandwidth, low latency, and energy-efficient connectivity, while non-blocking
architectures prevent packet contention and ensure reliable performance across large-scale networks .

Global Cloud Index from CISCO (Oct 2015) In 2012 data center traffic 2.6 ZB per year In 2014 data center
traffic

ata centers are also reported to reveal the trends of full optical switching. To that end, we present a brief
summary of optical

Optical Data Center Interconnect (DCI) provides a cost saving, high density, flexible alternative to leased
circuitsfor

This chapter provides a short introduction on the data center networks and their requirements in terms of
performance

Optical technologies could enable fast and power-efficient networks for data centers. Here, the authors report
Si3N4

Relying on the flexible-access interconnects to the scalable storage and compute resources, data centers
deliver

Fast optical switches can be based on AWGRs in conjunction with tunable wavelength converters or tunable
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lasers or

Explore Al data center interconnect trends in 2026, including CPO, optical interconnect, OCS, and the real
challenges

Photonic interconnection networks are often cited as ways to break through the energy-bandwidth limitations
of conventional

Recent techniques related to the optical switching, and main challenges limiting the practical deployments of
optical

To support dynamic data center workloads efficiently, however, it is critical to switch between wavelengths at

In recent years, investments by cloud companies in mega data centers and associated network infrastructure
has created a very

In this paper, we present a review of optical switching techniques capable of meeting the requirements of the
next generation of large

Learn how optical interconnects power Al-driven data centers with massive bandwidth, ultra-low latency,

Optical Circuit Switching is presented as a fundamentally efficient alternative to traditional Electrical Packet
Switching (EPS) for

Modern data centers increasingly rely on interconnects for delivering critical communications connectivity
among NUMErous Servers,

Web: https://www.kremgroup.co.za
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