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The Internet in 1960-2000
one of the most important technical achievements
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The Internet in 2000-2020

Web ‘ Digital transformation and E-Commerce

E-Bankin
? Web based email

Online shopping

Video sharing

Tele/personal comm

Social media

Digital Audio/Video

Smart phone socials

Multi-Media |Content proliferation Apps ‘Personalization

g

-



What happens in 2020-2030

| Abundant Bandwidth Everywhere
eMBB

Gigabytes in a second—- 5[) video, UHD screens

‘Work and play in the cloud

Smart home/building Augmented reality

Industry automation

Voice i
@ Mission critical application
Smart city |7 Self driving car
+ =i
mMMTC URLLC
Connectivity for Everything |Cr|t|cal Applications and Services

Source: ITU-T IMT-2020



New technologies are emerging in 2030 and thereafter?

Digital Senses and Reality Haptic Technologies and Terminals Holographic Verticals and Society

Image Sources: Internet, ACM, IEEE, ABC
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Digital Senses and Digital Reality

IEEE Digital Senses Initiative o § User Experience
Coverage Model Goes From Single Sense To Five Senses
g g 3 Multimedia Evolution
Transforming industries
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Is the Internet Ready for Holographic Challenges?

20” wide

Throughput goes up higher and higher

4K/8K HD VR/AR Hologram

~ band ~ band -
35Mbps~140Mbps 25Mbps~5Gbps 4 Tbps~10 Tbps

Latency falls down lower and lower

Hologram AK/SK HD VR/AR Hologram

15 ms~35 ms 5 ms~7 ms Submillisecond

. T A—

Dimensions Bandwidth

Synchronization of parallel streams

Tile 4 x 4 inches 30 Gbps

4K/8K HD VR/AR Hologram

Humar@ch 4.32 Tbhps & i 5
« Raw data; no optimization or compression. Audio/Video(2) Multiple tiles (12) thousands

iew-ang|
* color, FP (full parallax), 30 fps (view-angles)
(reference: 3D Holographic Display and Its Data Transmission Requirement, 10.1109/IPOC.2011.6122872),
derived from for ‘Holographic three-dimensional telepresence’; N. Peyghambarian, University of Arizona) @
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Precise Latency and Fast Response in Automation and Control

Cyber or Digital components

Printing machines

I]I]l][l 101010 : Robots, presses, packaging
I # o E —— 1110 machines

Machine tools, production
lines warehouses

Analysis Interactions Logic Compute

Maximum requirements and

2
. ------- e ; €
) ] h o
,/ | :' | O
@ - - - R ! S performance
= : | S
g 0 < 5 g Real Time -
A : ~ - g TCP/IP Isochronous Real Time
i : (RT) (IRT)
pocssscbossssssag Factory 1mo--e- [ .
' g et i Acyclic data Standard I/0 Fast 10
i3 IF &
X Diagnostics information Simple drive Motion control
' ' _ solution
Machines Chemical eqpt Sensors Vehicles

10 ms 1ms 250 ps 100 ps

Physical components

High-Precision Latency in Industrial Internet Low Latency for Machine Control

Source: James Coleman (Intel) TSNA’15 - Processor and OS Tuning for Event Response and Time Sensitive Systems.pdf .



What Services does the Current Internet Provide

at the Infrastructure Level?

Best Effort Traffic /

Y
Y

Differentiates Classes of Service

Guarantees Bandwidth

Fails to provide throughput guarantees

Fails to provide guarantees of maximum
latency (in-time)

Fails to provide guarantees of precise
latency (on-time)




What can we infer from the TCP Throughput Law?

TCP Throughput < min(BW,

WindowSize MSS

C

RTT

'RTTX\/E)

The delay is subject to the speed of light, and it simply can’t be as low as we wish

The throughput is subject to many factors, and it simply can’t be as high as we wish

Example: Assume that you have 1 packet lost every 10,000 packets and you want to have a throughput of 12Gbps,

the delay will be 114 us. Can you have it in the Internet?

Lost\delay(us 11 25 36
0.00001 390670.011 171894.805 119371.39 53717.13 37696.23 16852.43 937.1
0.00002 276245414 121547.982 84408.321 37983.74 26655.2 1916.5 8440.832
0.0001 123540.705 54357.9102 37748.549 16986. /‘I‘I!)’Zﬁ 5329.207 3774.855
0.0002 87356.4702 38436.8469 26692, /12—0f§ 8429.133 3768.318 2669.225
0.001 39067.0011 17189.4 /11’93J7i 5371.713 3769.623 1685.243 1193.714
0.002 27624.541 /E‘ffi 8440.8321 3798.374 2665.526 1191.647 844.0832
0.01 5435.79102 3774.8549 1698.685 1192.059 532.9207 377.4855
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New Communication Paradigms for Emerging Applications

New Applications

Industrial Control
X and Automation

~\

Digital Sense
Terminals

( Tactile Communications

Holographic
Applications

Hi

gh

{ Vertical 1

%

[ Vertical n

Prec

ision

(low-latency) |

Guaranteed In-time |
delivery

Guaranteed On-time
delivery

Coordinated Guarantees of
different senses/flows

%

Qualitative Communications}i

( Holographic ]

Type
L Communication

[Packetization] [ Holographic }
Teleport




High-Precision Communications

In-time Guarantees On-time Guarantees

Packet

Coordinated Guarantees

Flow,(Pkt)

Flow,,(Pkt)

Vi |
1

TZ
.
TZ
T, T
T, B
Bounded Latencies: Deliver on or before Bounded Time Interval (A, may be 0): Deliver within Packets of two or more flows and streams arrive in a
specified time. Bursts are possible specified and generally small arrival variance coordinated in-time/or-time guaranteed way

Latency Precision Attributes

Cause for Delays: Transmission, Propagation, Processing and Queuing
Adaptiveness: to congestion and inter-related flows

Precise measures: Rate of flow, extremely low latencies for critical events such as accident avoidance

Delay variation : Jitter may need to be near zero or extremely low for critical events such as industrial control
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Elements of Holographic Packetization

9 Alice

Network
BOb @ — @ olo-Bob

Packetize

Holo-Alice

Re-Produce

Header Meta-Data Payload

T wopy | wutsewe | Acton

» Binary > Sight » Smell » Service Guided
» Stair-Case » Hearing > Taste » Conditional Actions
» User Defined » Touch » Signaling Actions

» In-Network Computing Actions



Qualitative Communication Services

The Current Way: Quantitative Network Aspects
* Information packetized in stream of bytes

Packet Packet : e with equal significance
rror .
* CRC over entire payload
' ---- ' ---- ' ----_> I o ° Retransmissions get too expensive
YES

- e Hard to meet high throughput constraints
Retransmit ¢ Latency increases

21 BN .D

Send Packet Receive
New Way: Qualitative Communication Servic

|||
Packet

(D
(0)]

Recover (from preceding
ye partial packet)

Congestion? drop parts
Tolerable Error of packets in order, dont Partial
\ 4 drop entrire packet Packet
ENEE N EE- —H IR o s
YES
Qualitative Qualitative Qualitative MTU Exceeded, drop Functional (regenerate
Packet Packet Packet ey through embedded info)



Holographic Teleport — in the context of communications

Classical Teleport

Disassemble the object
into pieces

Quantum Teleport

Transfer of matter or energy from
one point to another without
traversing the physical space
between them

Holographic Teleport

Scan the object and its actions
into instructions, meta-data, and
data, altogether called as
“holographic package”

Ship

Quantum
Entanglement

A

__

Using a combination of new
infrastructural services

T

Assemble

Interdependency between two
entangled particles

Reproduce the object in the form
of holograms with qualitative
treatment



A Taxonomy of Services on the Infrastructural Level

Best Effort

. Web, APP

P —

Voicel/video

VPN
" Leased Line

MPLS —=<

~—

AR/VR, Industrial Internet
Autonomous Driving

Tactile Internet
Industrial Internet

New —
Services

Holographic
Digital Reality
Teleport Holographic Remote Education

Holographic Healthcare




New Concepts for Future Communications

Today’s Communications

App-logi ...
Applications —— Applications
HTTP App-data HTTP
App Data App Data
Transport Connection Transport
Network o . Network
Forwarding

Future Communications

Transport

An end-to-end mechanism for flow
control and reliability

Applications App-logic Applications
Holographic Multi-Sense Holographic
(5-sense) (5-sense)
Holographic ~ Qualitativeand/or | 5|6oraphic
Quantitative
Teleport Teleport
Hi-precision
New IP A New IP
efleri New attributes for senses and parallaxes are

added

Datagram

A self-contained hop-by-hop routable
packet in packet switched networks

Teleport

A combination of new communication services
for holographic applications.

New |P

A new network protocol facilitating new
communications services




Basic Challenges and Requirements for Network 2030

Data Rate (>1Tbps)

Tactile Communications (extreme low latency)

In-Time Guaranteed Communications

On-Time Guaranteed Communications

Coordinated Guarantee of Flows and Streams

Qualitative Communication Services

Digital Senses and Digital Reality

Holographic Teleport

Trustability

Some more..




Network 2030 will enable the New Internet

| Holographic Society

Retail Business Meeting

Healthcare _ _
Social Networking

Education New Media
Entertainment

Haptic Technology

Tactile Internet

) . Security by Trust
Accident Prevention y by

Industrial Automation and Control Survivability from Disasters
New New
Smart Agriculture Communication Architectures

: Space-Terrestrial Federation
Services

Next wave of the Internet Innovations Trustable and Confident
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Q&A

Thank You!



