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Overview

Empowered by the evolution of photonic networking
technologies and the emergence of Silicon Photonics
technologies, the Innovative Optical Wireless Network
Global Forum (IOWN GF) aims to develop by 2030
technologies that will lead to quantum leap improvements
in communications capacity and latency, data efficiency,
computing scalability, and environmental footprint
minimization. A new communication and computing full
stack architecture will be developed. Leveraging IOWN
GF technologies, smart world applications will be created
and augmented with beyond-human cognitive-
communication capacity, beyond-human response
speed, linear computing scalability, and superior energy
efficiency. The accomplishment of this vision requires
global collaboration and endeavor cross communication,
computing, software platform, and applications.
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1. Paradigm Shifts in a Connected World

The world today has experienced faster-than-ever technological and economic growth thanks to advancements in
communication and computing technologies. Moving forward, another quantum leap in computing and communication
capabilities is expected to empower the world toward a new era of growth. The mission of the IOWN GF is to develop
fundamental technologies on communication, computing, and data management that will bring in a quantum leap in
performance and energy efficiency improvement, and enable a much smarter world with advanced applications,
including those with digital twin computing and the metaverse.

These new digital services will help address the United Nations Sustainable Development Goals (SDGs), for instance
regarding health, education, industry, and energy. In addition, because sustainability, especially regarding climate
change, is a challenge of our times, the IOWN GF will ensure the technology we develop will minimize the environmental
impact of future digital services (in terms of energy, greenhouse gas emissions, materials, water) and will enable various
sectors of society to minimize their own environmental impacts, resulting in a significant net benefit for society.

The IOWN GF released its initial Vision 2030 Whitepaper in April 2020, which helped steer the direction and set the

work plan [1]. The first version of the vision whitepaper provided a glimpse of the advanced technologies that were

foreseen for a smarter world in 2030 and beyond, and provided an overview of the performance level requirements, as

well as a gap analysis regarding the performance that can be achi eved with todaydhe technol
whitepaper highlighted the key technologies that the IOWN GF forum should focus on first, which included:

1  Shift toward data-centric communication and computing infrastructure
Y  Full-stack communication acceleration
1  An advanced computing scaling platform

1  Energy efficiency, environmental footprint minimization, and sustainable growth

Since then, IOWN GF has made remarkable progress and released several reference documents that define use cases
with their key requirements. Similarly, the world has undergone several changes, such as the increase of pressure
against carbon emissions and the emergence of demand for remote services.

This new version of the Vision 2030 Whitepaper intendstoupdat e t he forumds original visio
| OWN GFb6s technol ogi eachieveneehts amctheichangestinthe wdrldh r u mo
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2. IOWN GF Achievements

Since the inception of the IOWN GF, substantial progress has been achieved both in regard to laying out the key use
case groups that are focus of this forum, as well as the base technologicalc o mponent s to address thes:¢
requirements. This section provides an overview of these achievements.

2.1. Use Cases

The IOWN GF released two use cases that validatethe need t o supplement todayds overburoc
computing infrastructure with an all-photonics network and a data-centric infrastructure capable of supporting the
explosive demand for global interconnectivity.

The completed use cases followed an extensive revision process and underscore the mission of the IOWN Global
Forum, which is by 2030 to have developed advanced optical communication, computing, data, and energy-efficiency
technologies that will enable a smarter, more sustainable world.

The findings of the Cyber-Physical System (CPS) Use Case and the Atrtificial Intelligence-Integrated Communications
(AIC) Use Case provide a roadmap that will be used by the IOWN Global Forum and its members to develop technical
recommendations for a long-term feasibility study. The outcome of this intensive program will uncover new approaches
to work, entertainment, education, mobility, smart cities and electric grids, healthcare management, and new ways to
improve social equity and data privacy.

Many of the use cases defined by the IOWN GF rely on the benefits coming from the latest digital twin technologies. In
the scope, the Digital Twin Framework (DTF) TF was established by the IOWN GF to provide an analysis on the
requirements and technology gaps for the use of digital twins in four targeted use cases: Area Management Security,
Green Twin, Human Digital Twin, and Remote Robot Operations.

2.1.1. Cyber-Physical Systems Use Cases

Sustainability has become the touchstone for much of what the technology industry promises to deliver. The need is
reflected in the United Nationsd Sustainable Devel opment Goa
(Environmental, Social, and Governance) measures that integrate investment strategies with social purpose and the

environmental impacts of business.
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In the near future, a quantum leap in communication and computing capabilities will propel the world into a new era of
sustainable growth. The CPS use case details application-specific service requirements across multiple facets of
society that depend on cyber-physical systems to meet those goals. These include smart buildings, smart grid
management to enable carbon neutrality, remote factory operation, real-time disaster notifications, disease outbreak
prediction and prevention, and event-driven security monitoring. Figure 1 depicts examples of CPS use cases.

Cyber Physical Systems
Beyond Human Cognition, Prediction, Automation

Mobility Industry Health Smart Grid NW Infrastructure
Management Management Management Management Management Management

City wide surveillance Remote Manufacturing Disaster outbreak Renewable energy  Maintenance automation

N* City wide autonomy Energy Aware Navigation Inspection Automation prevention Supply-demand control “Fiber-Sensing”

KEY REQUIREMENS IMPOSED by Use cases:

* Acquisition of large amount of real-world sensing data

* Injecting data into the distributed computing resources for multi-purpose data analysis
* Powerful/Flexible Processing pipeline integrated into network infrastructure

* Feeding back the processing results to the real-world

¢ E2E Low Latency—Real Time Flow

Figure 1. Cyber-Physical Systems
2.1.2. Al-Integrated Communication Use Cases

The world has become smaller as technological advances have spurred new ways to connect with each other, new
ways to work, new ways to enjoy entertainment, and new ways to approach old problems. The communication and
computing infrastructure developed over the past 30 years has made these changes possible, but the world needs
another quantum technology leap to deliver the infrastructure required to continue the pace of innovation.

Artificial Intelligence (Al) and Machine Learning (ML) are the key to this future. However, early efforts using current
technology to create immersive experiences have met with mixed success. The AIC use case examines a spectrum of
future states that will influence how we experience the world around us, from virtual concerts and interactive live sports,
to cloud-based gaming and remote learning. The AIC use case also recommends new ways in which people will
navigate the physical world, as well as Al-based, mind-to-mind communication that can overcome differences in
language and culture to foster a better understanding of perceptions and emotions. Figure 2 depicts examples of AIC
use cases.
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