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5G-powered healthcare

US$530bn

5G-powered smart utilities

US$330bn

5G-powered consumer
and media applications

US$254bn

5G-powered industrial
manufacturing

US$134bn

5G-powered financial-services
applications

US$85bn
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Gain in real GDP
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7- Augmented Workforce Canvas
8- Procedural Action Research
9- Industrial human-technology systems
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4- Collaborative robot
5- Human-Technology Integration
6- Operator Assistance Systems
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10- Augmentation technology

LOPLE WOULD 7,
3 P o,

Augmented reality (AR) @-
Computer vision @-

Exoskeletons

Industrial internet of things (lloT) @-

Intelligent decision-making support

Connected worker platforms ®

What people can
do with their
natural abilities

-@ Mixed realty (MR)
-@ Mobile devices
——————@ Collaborative robots (cobots)
@ Smart workstations
Virtual reality (VR)

@ Wearables (not exoskeletons)
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4- Edge

5- Holographic Telepresence

6- Haptic Sensory Communications
7- Brain-computer Interface
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1- Klynveld Peat Marwick Goerdeler
2- Technology, Media and Telecommunications
3- Augmented Reality/Virtual Reality/Mixed Reality
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8- Non-Fungible Token
9- Demographic Variation in Active Consumer
Behaviour
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11- Up-selling
12- Cross-selling
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13- Extended reality
14- Haptic feedback
15- Meta Space
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2- European Telecommunications Standards
Institute

3- Zero-Touch Service Management

4- Experiential Networked Intelligence

5- Machine Learning

6- Deep Learning
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Legend
AR: Augmented Reality NFT: Non-Fungible Token
VR: Virtual Reality IoT: Internet oP things
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Artificial
Intelligence

* Machine learning
* Deep learning
* Machine vision

Robotics

* Reinforcement
learning

* Supervise and
unsupervised
learning

5G/B5G/6G

* MBRLLC

* mURLLC.

* HCs.

* MPS.

* Pervasive Al

* Blockchian and DLS.

* CRAS.

* UAV/Satellite
communication

* Quantum communication

A i

Enabling Technologies

___________________________________ -
Computer
Visions

* Scene reconstruction
* Object detection

* Event detection * BlockChain
* NLP X * Video tracking + Drones
* Automation  and . Opject recognition * NFC

* 3D pose estimation
* Motion estimation
* Visual servoing

* 3D scene modeling
* Image restoration

* Augmented Reality (AR)
* Virtual Reality (VR)

* Mixed Reality

* XR and BCl equipment.
* Audio-Visual Technology.
* AR/VR headsets

+ spatial understanding

* Optimize

* Super robust, flexible,

Digital World (Metaverse)

Internet of
Things

* Wearable
* Edge Computing
+ Cloud computing

* Smart farming

* Smart City

* E-Govern.

* Intelligent sensing
* Belkin WeMo

* Canary

Spatial
Computing

design  and
operations

* Ambient Backscater
* Autonomous vehicles

* Modes: World space vs.

User space vs. Object
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9- Augmented Reality, Virtual Reality, Mixed Reality
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7- Real-Time
8- Holographic telepresence
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¥ Virtual or Computer simulated

environment
¥ Fully immersive senses controlled
by system
¥ Block of real environment

-Requires

v Headset or handheld controller

v High quality display

Mixed Reality (MR)

v’ Real and Virtual World
¥ Combines VR and AR
v’ More complex and nuanced apps
(eg., high-spec sensors scan a
user’s environment and recreate
for haptic interfacing).

Augmented Reality (AR)

v Virtual and real-time World
environment.
v’ Requires
v Lower quality display
¥ Less cost verse VR
v Significant $
v' Examples: APPs(i.e., Pokémon

v Significant $
v' Examples: VR headset Oculus Rift
(3D, 360 Degree views)
v Risks
v Depersonalization
¥ Cyber/motion sickness
v Accidents (eg., tripping, hitting
celling fans)
v Uses: medical, training, education,
entertainment
¥’ Users do no aware about real-

world v Users interact with real and virtual
world in real-time

v Real and Virtual contents do not
interact
¥’ Users do not interact with real and
virtual world in real-time

v It uses Audio-Visual
Technology.
v Enables us to perceive
3D digital content
such as AR/VR
headsets
v Itallows us to interact
naturally with 3D
digital content (such
as voice control, eye
tracking, hand/body
tracking and haptics)

v Uses: engineering, education,
architectures, military, business,

v’ Users aware about real-world
v Real and Virtual contents interact

v
v .:iee:::;:ts Go), pop out 3D emails,
S Elment holograms, Google glass, 3D video
Als games, Microsoft HoloLens
v Significant $ ¥ Risks
v’ Examples: Microsoft HoloLens, V2 Lack'of focusior impaired
M:;;i:ams perception
- v 4 5
v See VR, AR Security and privacy

v Stress/overload
¥ Uses: marketing, tourism, design,
navigation, education,
entertainment
v Active or passive
v Personal vs. collective
¥ Users aware about real-world
¥ Real and Virtual contents do not
interact
v’ Users interact with real and virtual
world in real-time

manufacturing

v Few applications of
spatial technologies
PTC envisions within

the industrial
workplace
v Enable
seamless interactions
v Close the loop on
performance
management

v Improve machines’
g spatial understanding
v Optimize design and
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12- Mission Critical
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10- Point cloud techniques
11- Natural Language Processing
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15- Ultra mobile broadband

16- Ultra-massive machine-type communication
17- Ultra-high precision communication

18- Extended 3-dimensional coverage

19- Computation-centric communication

20- Context-driven communications
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13- Real-Time
14- Extremely reliable low latency communications
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27- Telepresence
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21- Tactile Internet
22- Human to Human
23- Machine to Machine
24- International Telecommunication Union

25- Proprioception
26- Visual feedback
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3- Explainability
4- Accountability

dodito
Slast plad ) L 5 (£ giuan i385 31,15 D
A (5 S0y gonl i JBL Su)
WJypazodlodion 89990 33 (£ ghuan g jloolisul
(9 il yo (903 (53 3395 50 90T koo pieis
m\.».o.wg.lb Ceodw woilo @Lo ‘_gl.bd.;.:.o)')éo| ‘SLbo)g)lS
ol yod &3 (6 oS ey (5L 3o O 2o g Jiig Jo> o Liaidl
D] et asisls
S a0 g 3l 00liwl Al dod g AdBg o 0 ywS
ol g Seunny y colosiel 092 1 (glod yim (sl SIS
h92 4 yLaobl o] 1500 Ggm 3l Cal 03591 392 9 41
Jo8 g NS ilB Lo o Lisus! (yaousi Jolis € giucro
o8 jleoliswl 8.0l o0 3 o1 3 oyl yo 55 Slocie
ol (gl o2 9 35 S y <8l po St by o0 (o€ guco
oWl b Jolds b Sy 5 (33 ol 00 Juo >
| (o g (oo gad v > 4 9l aiwl g b g LS
&l L] g [¥] ol e giuan sogn (6 puF )4y 5 b
923 15,55 G0 yglieo dunigo L e (491 Femsly
o9 30 dlaciel Calsld g Sy y caiol S g3 0 (ylgie
Q._[|.¢m|o.>9.o.3‘;)acAlTRiSM )La.}‘.';le\.gl.lrgcg.}.m
S abld pb iy co paeduabiog )l
3 CanoS o (diliaio 00l wl wiilo o€ o ige
g0 &3l )| o guas v yo Lai> g olosel sl oy
D99 (S et (Lo sl by ) LS Lo b 55

1- Biases
2- Artificial Intelligence Trust, Risk and Security
Management
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5- Bias
6- Discrimination
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7- Lethal Autonomous Weapons Systems
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10- Differential privacy

11- Fully Homomorphic Encryption

12- Secure MultiParty Computation

13- Data Drift
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14- Pipeline Monitoring
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12- K-neighrest neighbor

13- Support vector machine

14- Genetic Algorithms

15- Neural networks

16- Quantum Superposition, Quantum
Entanglement

17- Quantum support vector machines
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1- Orchestration

2- Intelligent surfaces

3- Electromagnetic-Orbital Angular Momentum

4- Visible Light Communications

5- Cell-free communications

6- Base Transceiver Station

7- Real-Time

8- Quantum Supervised Learning

9- Quantum Unsupervised Learning

10- Quantum Reinforcement Learning
11- Quadratic speedup
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25- Multi-Input Multi-Output

26- Unmanned Aerial Vehicles

27- Non-orthogonal multiple access

28- Orthogonal Frequency Division Multiplexing
29- Repeated weighted boosting

30- Hub

31- Quantum Aided Research

18- Quantum Unsupervised learning

19- Device-to-Device (D2D) resource allocation
20- Reinforcement learning

21- State superposition convention

22- Device-to-Device

23- Proactive caching

24- Jamming
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Doubling Channel Capacity

Unconditionally Key
Distribution

Secure Multiparty
Computation
and Communi cation

Private
Comparison
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33- Quantum-assisted architecture
34- Cloudification for a hyperconnected world

Big-Data Analytic

Multi-Objective Routing

Indoor Localization

Quantum Quantum
Communication Algorithms
and Cryptography Q uanl_um
Approximate
Quantum O ptimization
Computing Algorithm

Swarm Optimization and
Wireless Analysis
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32- Ultra-reliable low latency communications
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35- RF Fingerprinting
36- Connected intelligence
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38- Quantum Cryptanalytic Risk Assessment

37- Cryptographically Relevant Quantum Computer
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1- Autonomous loT

2- Over The Air

3- Ultra Low Latency Communication

4- Massive Machine Type Communication
5- Embedded SIM

6- Remote Service Provisioning

7- Zero Touch Provisioning

8- Integrated SIM
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9- System on Chip
10- Integrated tamper-resistant element
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13- Advanced OTA

14- Automatic Configuration Server
15- Device Management center
16- Key Management System

17- Hardware Security Module
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12- Personilize
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18- Automatic Configuration Server
19- Device Management Connectivity
20- Automatic Device Detection

21- Automatic Device Configurator
22- Key Management System
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Linked to business
strategy

Bold, long-term vision

Executive alignment and
commitment

Customer-centric strategy ‘

Ecosystem, platform, and

Prioritized and reimagined
partnerships

domains

‘ ‘ Digital economics ‘

Technology Data
Leadership ‘ Delivery methadology g::’giay_:rd ‘ Data vision and strategy

Talent strategy

Speed and agility

Data platform

Data architecture and
ecosystem

Data governance ‘

| Structure and roles | | Risk appetite Continuous delivery |
Talent skills ‘ Internal collaboration ‘ Infrastructure/cloud ‘ Data availability
Gavernance .d.:;l;:ra experience and | Security | Analytics madels & tools

Automation / next-gen
operations
Adoption & scaling

‘ Scaling approach ‘

Business integration

Change management ‘ Impact measurement ‘




Business strategy driven by digital

Digitizing the core

Customer offer &

Go-to-market Support functions

Operations

Enablers
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8- Open Roads Community

9- Huawei

5- Digital Acceleration Index (DAI)
6- Deloitte
7- TM Forum

Customer Strategy Technology
Customer Brand FyfEeEe
Engagement Management PP
Customer Ecosystem Connected
Experience Management Things.
Customer Insights & Finance & Data &
Behaviour Investment Analytics
Customer Trust & Market & Delivery
Perception Customer Governance
Portfolio, Idgatlon & NetRerh
Innovation
Stakeholder s ity
Management ecurity
Strategic Technology
Management Architecture

Operations

Agile Change
Management

Automated Resource
Management

Integrated Service
Management

Real-time Insights &
Analytics

Smart and Adaptive
Process Management

Standards & Governance
Automation

(XX

ik

Organisation &
Culture

Culture

Leadership &
Governance

Organisational Design
& Talent Management

Workforce
Enablement
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Optimal
Customer
Experience

Strategic Digital Culture,

Talent and Skills

Dynamism

Digital
Technology
Leadership

Service Innovation
and
Optimised Delivery

Data
Centricity

! - Cust
Digital Vision Team Agility Clejntorir:nig
Mindset, Experi
Business Agility Learning and xperience
Governance

Development

Finance and

Investment Model Digital Workplace

Brand Vigilance

Data Strategy & Service Digital

v Foundational
Innovation

Governance Technology
Data Optimised Digital Technology

Valorisation Delivery Operations

Digital

Data Technology

Exploitation Adoption &

Governance
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10- Gartner
11- Martin Creaner
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Gartner’s Digital Execution Scorecard

Strategic Digital Priorities

3%,

«0o»

|2

Generate New
Digital Revenues

Excel in Customer
Experience

Digital Enablers

Operational
Excellence

& Culture Organization and Talent Ways of
Decision Rights and Skills Working

Cloud and Al & Data Customer Ecosystems oT Security
DevOps Toolchain Analytics Platform Integration

&b =]

Achieve

&

Optimize
Asset Utilization

Minimize
Risks

Gartner.
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[1] Rachinger, Rauter, Mlller and Vorraber,
“Digitalization and its influence on business model
innovation,” Journal of manufacturing technology
management, 2018.
[2] Calderon-Monge and Ribeiro-Soriano, “The role
of digitalizationin business and management: a
systematicliterature review,” Review of Managerial
Science, 2023.
[3] O’Brien, "Digital Transformation: ACaterpillarora
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Scope of transfor
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Autonomous .' ‘
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Reactive Security Approach u,%.,:,gam Ecgsfsr;em
Limited Data Expiotation Services _ OTPaMers | spgy portiolio of  Relatively Few
Closed Platiorm manual D w? Inhouse Services
Processes e v
Data-centric Open Piatfrom

Architecture
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Omni-Channel
Flexible CEM
Muttiple Organization/

Business ‘Operations Multple
Models Structure Channels
E o Market

Reliance. Vertical Silo
‘on Traditional Organization
Business Models

Source: Huawe PO Lab
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1- Internet of Things
2- Big Data Analytics
3- Mass customization
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6- 5G Stand Alone
7- Quality on demand
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2- Lead management
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7-Enterprise resource planning
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