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The Importance of DCI Networks — “Executive Summary”

Reference: L. Paraschis 0if2015.083 plenary Jan. 2015

Cloud and DCl is the biggest Network Evolution of the last 10-15 years,
since the Internet IP/MPLS Network evolution in early 2000.
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Outline

» Summarize the importance of Cloud in the Transport Network Evolution

» Review the significant current Cloud optimized System Innovation

» Identify some key emerging Cloud Transport Innovations

» Conclusions & Discussion
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Cloud has evolved to a Dedicated Massive Global Network Infrastructure

Reference: Bikash Koley, Google, OFC 2016, Najam, Facebook OFC 2016, and Google OFC 2018 and ECOC 2018 plenaries
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Cloud optimized Transport System Evolution
Reference: L. Paraschis Invited ECOC 2019 Data Center Symposium Tuesday, Sept. 24, 2019

Evolution of DCI Transport Platforms

* Routing simplification & WDM sophistication.
High throughput packet transport & Coherent WDM today
exceeding with 6+ b/s/Hz Trans-Atlantic
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DCI Physical layer innovation: Record Breaking Spectral Efficiency

= : IMAREA cable from Virginia Beach (USA) to 6 . 2 1 bits/Sec/Hz
W Bilbao (Spain)

Qém AREA— : 6,644 km, 16QAM, 26.2 Th/s

» Seabras-1

Seabras-1 cable from NYC
LY R (USA) to Séo Paulo (Brazil 4.5 bits/Sec/Hz
10,600 km, 8QAM, 18.2 Th/s

50% more capacity than others
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Maximizing Reach x Capacity: Enabling Technologies
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New paradigm for system operations
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Open DCI Transport and multi-vendor Automation

Reference: L. Paraschis Invited ECOC 2018 Tuesday 2 pm

* Disaggregation and

Openness to break vendor I
i : Terminal System !
lock-in and enable faster : ystem;,

network innovation oo B R i |

== / ;E \ =—

Mux/ Terminal Amp Line Amp ROADM Terminal Amp  Mux/
Demux (TA)Y (Lta) (TA) Demux

Y Iy
° - i-
MU|tI Vendor and mUItI Transponder n == ——| -—
domain SDN for fully
automated network
operations

* Open APIs to decouple
functions

example: pattial disaggregation — TIP OOPT Controls Information Models and APIs workgroup .

\EF

en ecosystem

=

DerROMM, J & {Openconc

v onos

g
3

iS]

onNFE
- Industry effort to enable seamless e2e operations within new o

~= "
@y Infinera

Extensible Transport NOS = main need for Open, Automation, Analytics

Reference: A. Sadasivarao et al OFC 2019 Demo Zone March 4, 2019 M3Z.1
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Cloud increased important and future bandwidth demands

“cloud” is now core of our society! ... and will be growing even more!!

* 40% on Internet, 65% on Facebook... B. Booth, Microsoft, NGON and DCI 2019 (invited)

Deutsche Telekom AG, P. Lothberg, OIF, 8-MAR-2016 Quantum Artificial
Gb/s Intelligence

* by 2021, 94% of compute to be in High

cloud data centers... cisco, cloud index 2019 Ezrg%umnanngce
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Next-Generation DCI Transport Innovations

» How best to lower power per b/s, while still getting as close as possible to Shannon Limit?

» How best to achieve Open Transport Architectures, and System Disaggregation, while

advancing operation simplicity at the Shannon Limit?

» How best to enhance SW automation, extensibility, management abstraction and analytics,

and how much Network Optimization (and Traffic Engineering)?
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DCI packet transport Traffic Engineering!... Will it also extent to Optical?

L. Paraschis, ECOC 2013, DCI Tutorial

Google's OpenFlow WAN Google

MSFT and GOOG - ACM SIGCOMM’13 References of SDN-based Traffic Engineering

Network agent  Switch

Senie bk SWAN controller

Figure 5: Architecture of SWAN.

Service host
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M. Ghobadi, Microsoft, OFC 2016

Example of DCI Optical Transport Analytics and Optimization

« Findings
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OFC 2016, paper M2J.2, Evaluation of Elastic Modulation Gains
in Microsoft’s Optical Backbone in North America, M. Ghobadi
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DCI Transport Innovations Summary
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e A.Shaikh et al., “Vendor-neutral Network Representations for Transport SDN”, in OFC (2016), and A. Shaikh,
“Multi-vendor Streaming Telemetry”, and M. Birk, “Open Platforms for Optical Innovation”, in OFC, (2018).

e V. Dangui, “Key Enablers of Automated Optical Networks”, and M. Machacek, “Network Monitoring for Cloud”,
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OFC (2017).

* B. Koley, “The Zero Touch Network”, in IEEE CNSM (2016) and CenturyLink Network Outage Report, FCC
(December 2018) https://docs.fcc.gov/public/attachments/DOC-359134A1.pdf.

e A. Sadasivarao et al., “High Performance Streaming Telemetry in Optical Transport Network”, in OFC 2018, and

e A. Sadasivarao et al., “Demonstration of Advanced Open WDM Operations and Analytics, based on an
Application...”, in OFC 2019.
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* L. Paraschis et al., “Innovations in Inter Data Center Transport Networks”, Chapter 17 in Optical Fiber
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