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Introduction

Al has passed the experimental stage, and is now powering critical
operations - from enterprise automation to real-time inference
at the edge.

"92% of companies plan to increase their
Al investments over the next three years.”

- McKinsey, 2025

But while compute gets most of the attention, the real bottleneck
is the network. Today's Al infrastructure demands high-throughput,
low-latency, and secure optical transport at Layer 1.

This white paper explores how optical networking innovations
in DWDM (dense wavelength division multiplexing), OTN
(optical transport layer), and Layer 1 encryption are
redefining connectivity for Al. Through real-world deployments
and illustrations of modern Al stacks, we show why the future of
infrastructure is Al-native, and how to build toward it.
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Why Al Infrastructure
Breaks Legacy Networks?

Artificial intelligence workloads are inherently different from
traditional enterprise or consumer traffic. They generate
consistent, high-volume, and latency-sensitive flows that stretch
conventional architectures beyond their limits.

“Global data center electricity
consumption is forecasted to double

to 4% of worldwide electricity consumption
by 2030, as GenAl workload growth
outpaces other applications.”

- Deloitte, 2025

Consider three key use cases:

1. Model Training: Moving petabytes of data between distributed
GPUs, especially for large-scale language or multimodal models.
This requires deterministic, high-capacity transport across

metro or regional spans. It is not occasional traffic; it's sustained
and tightly synchronized.

2. Inference Delivery: When Al models are used to make
real-time decisions such as diagnostics, fraud detection, or
autonomous systems, microsecond-level response times are
critical. Tail latency or jitter can result in degraded outcomes or
missed SLAS.
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Figure 1: End-to-End Al Data Flow Powered by Optical Networking

High-capacity DWDM and OTN interconnects enable seamless
transitions across the different stages of ingestion, training,
inference, and real-time decisioning, —delivering low latency,
encrypted transport, and scalability for Al workloads.

3. Federated Learning: As data sovereignty regulations tighten,
institutions are increasingly training Al models locally and sharing
only encrypted model updates. This model requires fast, secure
transport of model weights (not raw data) between sites without
sacrificing privacy or performance.

"Federated learning is increasingly adopted across
privacy-sensitive industries such as healthcare,
finance, and smart cities to address regulatory
constraints (GDPR, HIPAA) while still

enabling collaborative Al model training.”

- Collins & Wang, Federated Learning: A Survey on Privacy-Preserving Collaborative Intelligence, 2025
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Figure 2: Federated Al Model Across Distributed Locations

Legacy packet-switched networks, designed for burst best-effort
traffic, lack the performance envelope to support these Al
workflows.

They introduce variable latency, congestion, and security gaps
that undermine the reliability Al depends on. In short, today's
Al architectures demand more than just speed. They demand
secure, predictable, and scalable infrastructure—starting with
the transport layer.

Legacy packet-switched networks,
designed for burst best-effort traffic,
lack the performance envelope to
support these Al workflows.
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Why Optical Transport
is Essential for Scalable
Al Infrastructure?

Modern Al architecture is pushing the boundaries of what carrier,
hyperscale and private networks can support—not just in terms
of throughput, but in maintaining consistent performance under
pressure. While layer 2/3 networks provide packet routing and
traffic shaping, they do not guarantee low-latency determinism

or data-level confidentiality that mission-critical Al environments
require.

This is where Layer 1 optical transport technologies become
essential. Operating transparently below the packet layer, optical
infrastructure provides predictable, congestion-free pathways that
can move massive datasets, synchronize distributed training
workloads, and enforce end-to-end encryption without adding
overhead.

Optical infrastructure provides predictable,
secure optical paths for Al-scale data
movement and synchronization.

Layer 2/3 networks do not ensure
consistent low-latency delivery or
data-level confidentiality that mission-
critical Al environments require.

4 Packetlight

N E T w o R K )



Foundational technologies underpinning this shift:

Layer 1 Optical Transport Technologies

Fiber Monitoring (OTDR, OSA)
Provides continuous monitoring, fault
detection, and proactive maintenance.

Layer 1 Encryption
Secures sensitive Al data at the physical
transport layer.

ROADMs

Dynamically reroutes traffic to balance Al
workloads in real time.

OTN
Frames the data, SLA control, and service-level fault
isolation.

DWDM
Provides high capacity: multiple wavelengths on single fiber.

Figure 3: Layer-1 Technology

ROADMs (Reconfigurable Optical Add-Drop Multiplexers):
Enable dynamic, remote reconfiguration of optical paths without
manual intervention. ROADMSs are crucial for Al infrastructure that
must adjust routes in real time to handle shifting workloads or
failure scenarios. They also support automated wavelength
provisioning, improving operational agility.

DWDM: Enables multiple high-speed optical signals—each on its
own wavelength—to be transmitted over a single fiber.

OTN: Adds framing, forward error correction (FEC) for long-haul
network optimization and switching capabilities at the optical
transport layer. This enables deterministic delivery, performance
monitoring, and fault isolation, making it easier to manage
SLA-critical Al workloads across multi-site deployments.
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Layer 1 Encryption: Critical for regulated sectors such as
healthcare, government, and financial services, AES-256 encryption
at Layer 1 ensures secure data transport with no added latency

or jitter. Encryption may be further enhanced with quantum-safe
approaches such as quantum key distribution (QKD) to
future-proof Al data pipelines against emerging cyber threats.

This is particularly important for federated learning and
cross-border Al collaboration.

Fiber monitoring: Essential for maintaining the integrity and
performance of Al workloads, fiber monitoring tools such as
Optical Time-Domain Reflectometry (OTDR) and Optical Spectrum
Analysis (OSA) enable real-time, non-intrusive monitoring of optical
networks. These diagnostics facilitate proactive fault detection,
performance optimization, and assurance of service continuity.

Taken together, these technologies form the high-performance,
secure foundation required not just for building Al networks—
but for operating and scaling them reliably.

This shift isn't theoretical. It is already reshaping strategic network
design in sectors deploying Al at scale. The optical backbone is

no longer just a transport layer—it is becoming the intelligence
highway that allows modern Al architectures to function at
operational tempo.

The optical backbone is Al's
intelligence highway—powering
fast, secure performance

at operational tempo.
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Conclusion: A Competitive
Advantage with Scalable
Optical Al Infrastructure

As Al technologies continue to evolve, the underlying network
infrastructure must be robust, scalable, and secure to support the
increasing demands. PacketlLight's comprehensive suite of Layer-1
optical solutions, including DWDM Transponders and Muxponders,
OTN, ROADM, Layer 1 encryption, and advanced diagnostics,
provides a solid foundation for organizations aiming to harness
the full potential of Al.

According to DellOro Group, 800G and
1.6T optical ports will dominate Al data
center buildouts by 2027.
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Delivering
up to 8 Thps

Key Benefits

Maximize ROI and Reduce TCO: PacketLight's DWDM systems
support adaptive Flex Grid spectrum, delivering up to 8 Tbps per
fiber strand with 800G per wavelength.

The compact 1RU platform minimizes power, rack space, and
cost-per-bit, while maximizing fiber utilization and optimizing
return on investment. Solutions such as the PL-8000M Muxponder,
the PL-8000G Transponder, the 400G Muxponder, and the

400G Transponder offer high-capacity optical transport, driving
operational efficiency and further reducing total cost of ownership.

Accelerate Time to Market: The modular and open architecture
of PacketLight's products facilitates rapid deployment and
integration with existing network infrastructures. This flexibility
enables organizations to quickly roll out Al services and salvage
existing infrastructure investments, while adapting to changing
market demands.

Future-Proof Scalability: Designed to accommodate emerging
technologies, PacketLight's solutions support seamless scalability,
ensuring long-term viability and adaptability as Al and other
advanced technologies continue to develop.

Competitive Differentiation: By enabling agile service delivery
and infrastructure monetization, PacketlLight's solutions provide
a strategic advantage, allowing organizations to offer premium,
SLA-backed services and explore new revenue streams such

as Transport-as-a-Service (Taa\S).

Incorporating PacketLight's optical infrastructure solutions
positions organizations to effectively support Al workloads,
drive innovation, and maintain a competitive edge in a rapidly
evolving digital landscape.

Let's build the backbone of your Al strategy—secure, scalable,
and built for what's next.
Reach out to our experts at: info@packetlight.com
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