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Outline

• Emerging DCI

• Leveraging the Optical Network Digital Twin for Distributed Data Centers

• Requirements, Challenges and field validation: Transponder, Controller, 
Line system

• Next Challenge: Multiple LLM-based Agent

• Conclusion
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Background: Emerging DCI

• CAGR=13~14% (other WDM = 2%)

• To provide AI and cloud services with 
low latency, demand for data centers 
near users is increasing.

• To ensure data security and privacy, 
data is being placed in geographically 
specified regions.

• Due to regional power supply 
limitations and insufficient locations, 
the expansion of data centers and the 
networks connecting them is 
accelerating.Metropolitan areas where data center concentration 

may increase (Source: CBRE)
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Background:

The Evolution of Digitalization and Standardization
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CFEC Coherent CMISOIF 400ZR

OpenDaylight OpenConfig

CFP MSA MIS Ver.2

TransportPCE

2022

Phoenix MUST

Co-Packaging-FD

Optical Spec Ver 5.0

IOWN GF Open APN Archi 1.0

Standardization

5 x 7 CFP OSFP/QSFP-DDCFP24 x 5

Module

2010 2012 2014 2016 2018 2020 2022

With digital technologies, beyond longer reach and lower power, open interfaces and 
SDN have advanced—expanding adoption from carriers to DC and cloud operators.
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Leveraging the Optical Network Digital Twin for 

Distributed Data Centers

APN controller

User TRx

User TRx

Unknown user access

Unknown user access
Device/QoT/Physical parameter

Virtualization through high-capacity, low-latency connections

Flexible expansion by 
adding distributed DCs

Flexible and highly efficient DC infrastructure
enabled by open innovation

Leveraging Optical Network 
Digital Twin

• Two key technological innovations: digital coherent and virtualization.

• Growing expectations for All-Photonics Network-as-a-Service (APNaaS) enabling 

a virtual large-scale DC across distributed metropolitan data centers.

H. Nishizawa, K. Anazawa, and T. Inui et al., “Leveraging Digital Twin Technologies: All-Photonics Networks-as-a-Service for Data Center Xchange in 
the Era of AI [Invited Tutorial],” arXiv preprint arXiv:2601.10153, Jan. 2026.
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Requirements / Challenges

Carrier controller

Alien
access link

Alien access linkUser DC
Variety of device, TRx

User DCλ1
λ2

Cloud

B

MEC 

A

MEC 

B

λ3

MEC: Multi-access Edge Computing
WSS: Wavelength Selecting Switch
TRx: Transceiver

Cloud-native control

Cloud

A

On-demand optical path 
rerouting with automatic 
design/optimization

Point of presence

Newly installed
line system

Interconnecting
two different 
networks

Line
system

A Line
system

B

Parameter-unknown
user access line

✓ Scalability (w/ROADM)

✓ Reliability (On-demand optical path)

✓ Low-latency (Direct connection)

Transponder

• Operation of transponders equipped with different 

hardware components

• Adaptation to various NOS and Apps, enabling operator-

driven future technology additions and scaling

• Operation of transponders at user sites

Controller

• Provisioning and rerouting based on user TRx 

characteristics

• Supports diverse topologies among arbitrary multi-points

• Automatic selection of the optimal mode based on 

distance and QoT

Line System

• Provision over access lines of unknown quality

• Compatible with conventional operation methods while 

enabling fast provisioning and fault localization

• Responds to cases where multi-vendor line systems 

need to be constructed
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Cloud-native Architecture

Main board

Ethernet switch SDK

Kubernetes, open kernel

Switch manager

PHY QSFP28Switch ASIC

Switch Abstraction Interface (SAI)

X86/ARM 
processor

(b) Whitebox switch

Main board

Realtime OS

Transport manager

Host 
CPU

(a) Vertically integrated transponder

South API

Line card

DSP CFP2

FPGA Card manager

PHY API

API: Application Programmable Interface

CPU: Central Processing Unit

FPGA: Field-Programmable Gate Array

DSP: Digital Signal Processor

CFP: C Form-factor Pluggable

SAI: Software Abstraction Interface

SDK: Software Development Kit

Transponder

• Traditionally, transponders have been developed using closed, tightly coupled hardware 

architectures under vertically integrated business models.

• From an operator’s perspective, this opacity poses a barrier to open innovation and limits 

the adoption of advanced technologies such as automation and digital twins.

• The architecture of whitebox switches has embraced a clear separation between hardware 

and software.
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The World’s First Multi-vendor Coherent Product

Whitebox switch architectureProposed transport portion

NOS: Network Operating System

TIP and industry partners proposed a new architecture, launched Cassini 
commercially in 2018, and pioneered a new market.
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Cloud-native Switchponder/Muxponder

Muxponder H/WSwitchponder H/W

CPU
Memory

Storage

Management IF

Switch ASIC

Client TRx Line TRx

CPU
Memory

Storage

Management IF

Client
TRx

Line
TRx

: Control

: Data

Gearbox

Client
TRx

Line
TRx

Gearbox

AMX 3200
(Edgecore)

Endeavor
(Pegatron)

AGR 400
(Edgecore)

400G DCSG
(Ufispace)

Transponder
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Design for Data Center Xchange (DCX)

SDC

SDC

SDC

SDC

SDC

AAL

Metro (~200km)

UDC

UDC

UDC

WDM CL

UDC: Urban Data Center
SDC: Suburban Data Center
AAL: Alien Access Link
CL: Carrier Link

Cloud A

Cloud B

MEC A

MEC B

User A

User B

APN
controller

SDC

SDC

SDC

UDC

UDC

UDC

UDC

SDC

UDC

SDC

Dedicated dark fiber

(a) Conventional DCIs with dedicated dark fibers/line systems (b) Data Center Xchange with APN controller

Topology: Point-to-point

Connection: Fixed

Configuration: Single vendor, single transmission mode

✓ Topology: Multipoint-to-multipoint

✓ Connection: On-demand (w/controller)

✓ Configuration: Multi vendor, various transmission mode

Point of presence
Dedicated
line system

UDC

UDC

Controller
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Feedback Architecture Based on Open APIs

TRx TRx

OLS
controller

ASE noise TRx noiseNLI noise

(a) Physical model (b) Digital model

Feedback

TRx TRx
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model
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𝒌
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𝑲 =2
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TRx control
library

TRx

TRx

TRx

TRx

𝑬𝟐𝑬 𝑸𝒐𝑻 𝒊 = 𝟏

𝑬𝟐𝑬 𝑸𝒐𝑻 𝒊 = 𝟐

+ +

ASE NLI

+

XT

+

Tx
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T
x

+
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R
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OLS: Optical Line System
TRx: Transceiver
Tx/Rx: Transmitter/Receiver

ASE: Amplified Spontaneous Emission
NLI: Nonlinear Interference
XT: Crosstalk

Controller

H. Nishizawa, T. Mano, and K. Anazawa et al., “Optical Network Digital Twin — Commercialization Barriers, Value Proposition, 

Early Use Cases, and Challenges,” arXiv preprint arXiv:2511.06368, Nov. 2025.
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Value proposition and QoT visualization

• Freedom of device selection

• Topological flexibility

• Minimization of unnecessary 

margins

• On-demand provisioning

• Rapid restoration

• Proactive maintenance

• Flexibility in service-level

Controller

This work is supported in part by a research grant from Taighde Éireann (Research Ireland) under 22/FFP-A/10598 (Twilights), 18/RI/5721 (Open Ireland), 13/RC/2077 P2 at CONNECT: The Research 

Ireland Centre for Future Networks, and from the National Institute of Information and Communications Technology (NICT), Japan, under JPJ012368G50201 and JPJ012368C09001.



© NTT, Inc.  2026 12

Optical Network Tomography over Live Production Network 

in Multi-Domain Environment

• Visualize end-to-end optical powers along multiple routes across multiple domains solely from a 
commercial transponder, enabling performance bottleneck localization, power and routing 
optimization, and lightpath provisioning at CONNECT testbed.

T. Sasai, K. Anazawa, D. Briantcev, et al., “Optical Network Tomography over Live 
Production Network in Multi-Domain Environment,” 14:00 - 14:30 on Oct 1st in 
Session "Longitudinal Power Profile Monitoring II“, ECOC 2025.

Line System

A grant program (adoption number 50201) by the National Institute of Information and Communications Technology (NICT), Japan.

Taighde Éireann (Research Ireland) under 22/FFP-A/10598 (Twilights), 18/RI/5721 (Open Ireland), 13/RC/2077 P2 at CONNECT.
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Link Parameters Extraction

• Perform link parameter estimation and refinement for automatic provisioning based on 

physical models

• Not a blackbox approach, including digital longitudinal monitoring and OLS physical 

parameter calibration method.

H. Nishizawa, G. Borraccini, T. Sasai, et al., “Semi-automatic line-system provisioning with an integrated physical-parameter-aware methodology: 
field verification and operational feasibility,” Journal of Optical Communications and Networking, vol. 16, no. 9, pp. 894–904, Aug. 2024.

Line System

National Institute of Information and Communications Technology (50201); National Science Foundation (CNS-2211944, CNS-2330333).
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Network Configuration for Accurate QoT Estimation

• Field-trial optical network connecting 

Galway and Dublin for data center 

applications.

• Dark fibers and amplification sites are 

deployed in field alongside the 

production network.

• Color variation indicates vendor 

differences.

• An experimental validation was carried out at CONNECT testbed in Ireland over a fiber 

route of 280 km, including local station facilities, utilizing a line system constructed from 

devices of multiple vendors.

A grant program (adoption number 50201) by the National Institute of Information and Communications Technology (NICT), Japan.

Taighde Éireann (Research Ireland) under 22/FFP-A/10598 (Twilights), 18/RI/5721 (Open Ireland), 13/RC/2077 P2 at CONNECT.

Line System
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Experimental Results

Calibration results for the OLS 

from Dublin to Galway. 

Analyzed power profile with DLM. 

Received WDM spectrum during validation, consisting of DLM 800G(130 GBd), 

400G (63.1 GBd) and ASE noise loading (50 GHz) channels.

• Visualization of fiber and amplifier characteristics enabled remote optimization in a way 

compatible with conventional operations.

Line System
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Fault Localization
• Demonstration of a physical-layer-aware methodology to detect and localize network faults at Duke 

university testbed.

• In addition to reporting the anomalous loss of the connecting fiber, it is also possible to localize a 

degraded EDFA.

An 8-dB attenuator is inserted into the 

intermediate stage of the EDFA #3. 

An 2-dB attenuator is inserted into the output of the EDFA #. 

H. Nishizawa, G. Borraccini, T. Sasai, et al., “Field Verification of Fault Localization with Integrated 
Physical-Parameter-Aware Methodology Dynamic Optical Path Provisioning for Alien Access Links: 
Architecture, Demonstration, and Challenges,” IEEEE Photonics Conference, November 2024.

Line System

National Institute of Information and Communications Technology (50201); 

National Science Foundation (CNS-2211944, CNS-2330333).
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Next Challenge: Multiple LLM-based Agent
• Growing expectations for OPEX reduction and faster service provisioning through autonomous 

optical networks.

• Common metrics provided by an optical digital twin framework are crucial for delivering flexible 

services while ensuring infrastructure quality.
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Conclusion

• Background
• Emerging DCI: Low latency, Data security and privacy, Power supply 

limitation
• The Evolution of Digitalization and Standardization

• Leveraging the Optical Network Digital Twin
• Transponder: Cloud-native architecture

• Controller: Feedback Architecture Based on Open APIs

• Line system: Link parameter extraction with DLM and OLS cal

• Multiple LLM-based Agent
• Common metrics provided by an optical digital twin framework are crucial for 

delivering flexible services while ensuring infrastructure quality.
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