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How will our world look like in 2050?
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“Technological Singularity is the hypothesis that the invention of Artificial Superintelligence will abruptly 
trigger runaway technological growth, resulting in unfathomable changes to human civilization”

Source: Time Magazine, February 21, 2011
The Year Man Becomes Immortal

Would Technology Singularity Signal the Start of Human Immortality from 2045? 



Copyright © Ciena Corporation 2016. All rights reserved. Confidential & Proprietary. 4

Artificial Super-Intelligence Impact on Humanity

“An upgradable intelligent agent (such as a computer running software-based artificial general intelligence) could 
enter a 'runaway reaction' of self-improvement cycles, with each new and more intelligent generation appearing 

more and more rapidly, causing an intelligence explosion and resulting in a powerful superintelligence that would, 
qualitatively, far surpass all human intelligence”

Humans can 
predict the future

Extraordinarily long 
life expectancy
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We Are All Involved in Humanity’s Next Evolution: 5G, NB-IoT, SDN and NFV 
Provides the Building Blocks for Technology Singularity

Connectivity...

Cognitive Analytics...

A.I. Usage in
Orchestration...

VR/AR...

Factory
Automation...

Gbps
Internet...

Smart 
Cities...

Autonomous Vehicles...

4K/8K
OTA...

Mission
Critical...
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The 5G/IoT Use Cases that are going
to be successful will be the ones that improves 
human lives…



Copyright © Ciena Corporation 2016. All rights reserved. Confidential & Proprietary. 6

5G Cellular V2X (Vehicle-to-Anything)
Autonomous Driving Eliminates Traffic Accidents and Fatalities

Graphics Source: 5GAACopyright © Ciena Corporation 2016. All rights reserved. Confidential & Proprietary.
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5G Ultra-Reliable Low Latency Industrial IoT:
Constant Monitoring Coupled with Medical Science Advancements (Leveraging 
Artificial Super-Intelligence) Prevents or Eliminates Diseases

Ingested Sensors and Implanted 
Chips

Genome Sequencing Decoded With Artificial Super-
Intelligence 

Surgical Robots

Remotely Administered Virtual 
Reality Surgical Procedures

Cognitive Artificial Intelligence 
Assisted Health Monitoring

Nanobots in Bodily Fluids for Drugs 
Delivery or Medical Relief in a
Highly-Targeted Way

Graphics Source: Dr. Bertalan Mesko, The Medical Futurist
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5G Massive Machine Type Communications IoT:
Remote Control Drones Improves Physical Security & Eliminate Threats

Remus Tan
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Significant Network Evolution is Expected in Future Networks
Transformation Towards a Software & Service Centric Architecture

Call Flows or
Procedures 
Centric

Services
Centric

Bandwidth 
Pipe

Service Enabler
Platform

n x LTE 
Carriers

Mobile Phones
Things
(IP an Non-IP)

Dedicated
Hardware

Orchestration of
Resources

Virtualized 
Network Functions Network Functions

Physical Network Network Slice

Protocols

Application
Programming
Interfaces
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Rel-14

Rel-15

Rel-16

TSG#73 TSG#74 TSG#75 TSG#76 TSG#77 TSG#78 TSG#79 TSG#80 TSG#81 TSG#82 TSG#83 TSG#84 TSG#85 TSG#86 TSG#87

Stage 2 Stage 3 ASN.1

Stage 1 Stage 2 Stage 3 ASN.1

Stage 1 Stage 2 Stage 3 ASN.1

5G Phase 1

5G Phase 2

09.16 12.16 03.17 06.17 09.17 12.17 03.18 06.18 09.18 12.18 03.19 06.19 09.19 12.19 03.20

• Rel-14 freezing (completion of ALL items) at TSG#76
• Some aspects continue (e.g. testing, legal intercept) but expected to conclude by 12.17

• Rel-15
• Stage 1 freeze at TSG#76
• Underway: Stage 2 5G Work on architecture, security, charging, management in SA, studies on 5G aspects of protocols, 

end-to-end aspects in CT, studies on RAN aspects

5G Spectrum &
Use Cases

RAN Centralization 
& RAN Virtualization

Control/User Plane 
Split in RAN & Core

Deterministic 
Networking in 5G

End-to-End Network 
Slicing

Network 
Virtualization

Future Networks: 3GPP Standardization Status Overview and the Key Aspects 
of 5G Networks
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Future Networks: Standards vs Open Sources (Part One) 
Key Standards Development Organizations and Forums Chartering the Path for 5G 
and Future Networks
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Future Networks: Standards vs Open Sources (Part Two) 
Linux Foundation Unified Open Networking & Orchestration Architecture
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Legend
DAN: Data Aware Networking
NDO: Named Data Objects

Moving from a Network-Centric
Packet Transport Protocol (e.g. IP) towards a
Host-Centric (Information-Centric) Protocol

Future Networks: What Next Generation Protocol Really Means
ITU-T SG-13 Y.3071 Data Aware Networking (Information Centric Networking)
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Future Networks: ONAP Architecture
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Future Networks: Realization of ETSI NFV (Network Function Virtualization) & MANO 
(Management and Network Orchestration) Architecture 



Copyright © Ciena Corporation 2016. All rights reserved. Confidential & Proprietary. 16

Realization of Network Function Virtualization (NFV)
Hypervisor Overview: Type of Hypervisors and Commercial Hypervisor Options

Source: IBM
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Realization of Network Function Virtualization (NFV)
Data Center Leaf/Spine Fabric for Cloud/Virtualization Deployments

Segment Routing

ODL Controller

Segment Routing

Segment 
Routing

Kubernetes
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Future Networks: Realization of ETSI Multi-Access Edge Compute (MEC) Architecture 
Real Time Payloads Processing   Network Data Analytics & Continuous Control
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Realization of Network Function Virtualization (NFV)
Virtualization Environments Evolution Trends 

Virtual Machines Containers (e.g. Docker)

Virtual Machine Centric to Container Centric
Physical Network

Virtual Machine  Centric VIM to Container Centric VIM 



Copyright © Ciena Corporation 2016. All rights reserved. Confidential & Proprietary. 20

Realization of Network Function Virtualization (NFV)
Data Plane Virtualization Trends

The Rise of Software Data Plane Technologies in NFV Infrastructure 

Software Data Plane
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Realization of Network Function Virtualization (NFV)
Boosting Packet Processing Performance and Throughput with DPDK

DPDK is not a Software
Data Plane either. It’s a Driver
for Kernel Bypass in NFVI 
Virtualization Environments
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PGW Service Functions 
Features

System Operating 
Systems

Service Modules 
(Hardware)

Switching Fabric

FPGAs / Custom ASICs

General CPU for Systems 
Control

NFV Infrastructure (NFVI)

Virtual
Compute

Virtual 
Storage

Virtual 
Connect

Virtualization (Hypervisor) Layer

Physical Hardware Resources

Compute Storage Connect

Virtual Network Functions (VNFs)

VNF1 VNF2 VNF3 VNF4

EMS1 EMS2 EMS3 EMS4

Operations/Business Support Systems
(OSS/BSS)

NFV Management & Orchestration
(NFV MANO)

Orchestrator

VNF Manager

Virtualized Infrastructure Manager 
(VIM)

TOR Leaf Switches & D.C. Spine Switches

High Performance Hardware 
Accelerated 100GE NICs for 

Flows/Buffers/Traffic Shaping/etc

Why Does All This Matter: Virtualization of a Mobile Packet Gateway
Disaggregation of a PDN Gateway PNF (Physical Network Function)
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(5G NR NSA)                                 (5G NR SA)
C-RAN with RAN Virtualization, Flexible 
Function Splits and CP/UP Separation
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Why Does All This Matter: Realization of RAN Virtualization in 5G Radio
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Key Takeaways for Today

• Network Functions Virtualization will re-shape the 
telecommunications industry moving forward

• Multi-Access Edge Compute will be adopted in 5G access network 
for handling real-time traffic payloads 

• Real-time network data analytics, on top of big data analytics, will 
be required in 5G networks

• Evolution from Network-Centric to Information-Centric networking 
technologies will happen in phases for Future Networks
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Thank You

Questions:
(e) retan@ciena.com | (m1) +65 9639.7989 | (m2) +886 970.265.322

mailto:retan@ciena.com
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