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Quick Introduction - What is Traffic Engineering? https://sys.cs.uos.de (()‘Y«)‘

Traffic Engineering in one (simplified) sentence:

Control the paths of traffic flows in your network to achieve various objectives.
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Traffic Engineering in one (simplified) sentence:

Control the paths of traffic flows in your network to achieve various objectives.

Possible Use Cases or Objectives:

» Avoid faulty network elements

» Reduce energy consumption (GreenTE)
» Reduce load of highly utilized links
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Quick Introduction - What is Traffic Engineering? https://sys.cs.uos.de «)‘Y(‘)‘

Traffic Engineering in one (simplified) sentence:

Control the paths of traffic flows in your network to achieve various objectives.

')) ( A)
Possible Use Cases or Objectives: Mabil Gl
» Avoid faulty network elements =
» Reduce energy consumption (GreenTE) Q J!\

» Reduce load of highly utilized links C'-ems o Q/ rgj
> .. ISP Backbone Content Provider

Implemented via Metric-Tuning, MPLS (with RSVP-TE), Segment Routing,
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Quick Introduction - What is Segment Routing? https://sys.cs.uos.de Y
g 3 ST

Segment Routing (SR) Main Idea:
» Control a packet’s path by defining interim destinations/waypoints
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Quick Introduction - What is Segment Routing? https://sys.cs.uos.de YK
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Segment Routing (SR) Main Idea:
» Control a packet’s path by defining interim destinations/waypoints

Data - @

~ If src = A and dst = S:

o/
//CJ/ Add label-stack [U,0,S]

Terminology:
SR Policy: "Rule” determining which segments to add to a packet
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Issue of Conventional SR: Policy Numbers https://sys.cs.uos.de «)‘Y«)‘

Operators generally prefer lower policy numbers:
- Simplify network management

- Improved clarity, maintainability and robustness, ...
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Operators generally prefer lower policy numbers:
- Simplify network management

- Improved clarity, maintainability and robustness, ...

Example:

Problem:
SR-TE literature focuses solely on
an end-to-end use of SR policies!
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Operators generally prefer lower policy numbers:
- Simplify network management

- Improved clarity, maintainability and robustness, ...

Example:

Problem:
SR-TE literature focuses solely on ®; ® ®;
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Issue of Conventional SR: Policy Numbers https://sys.cs.uos.de (()‘Y«)‘

Operators generally prefer lower policy numbers:
- Simplify network management

- Improved clarity, maintainability and robustness, ...

Example:

Problem:
SR-TE literature focuses solely on ®; ® ®;
an end-to-end use of SR policies!

— Potentially (unnecessarily) high policy numbers
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The Solution: Midpoint Optimization & IGP Shortcut Features https://sys.cs.uos.de «)‘Y(‘)‘

Make policies usable by more than one demand. (no longer end-to-end)
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Make policies usable by more than one demand. (no longer end-to-end)

Example from before:
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The Solution: Midpoint Optimization & IGP Shortcut Features https://sys.cs.uos.de «)‘Y«)‘

Make policies usable by more than one demand. (no longer end-to-end)

Example from before:

Steer traffic of A,B,C
and D onto policy.
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ore realistic use case - ISP Backbone Networks

https://sys.cs.uos.de «)(Y«)‘

Common ISP Backbone structure:

Remaining Network
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Common ISP Backbone structure:

Remaining Network

Instead of many end-to-end policies ...
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Common ISP Backbone structure:

Instead of many end-to-end policies use only a few MO policies in the core.
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A more realistic use case - ISP Backbone Networks

https://sys.cs.uos.de «)(Y«)‘

Common ISP Backbone structure:

Instead of many end-to-end policies use only a few MO policies in the core.

> Technical foundations exist! (Midpoint Optimization, IGP Shortcut, Autoroute)
They are just not used (in literature).
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Our Work: Traffic Engineering with Segment Routing https://sys.cs.uos.de «)‘Y(‘)‘

We already have the technical foundations, but we need algorithms that tell us
how to use them in the best possible way.
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Our Work: Traffic Engineering with Segment Routing https://sys.cs.uos.de (‘)‘Y(‘)‘

We already have the technical foundations, but we need algorithms that tell us

how to use them in the best possible way.
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Our Work: Traffic Engineering with Segment Routing

We already have the technical foundations, but we need algorithms that tell us
how to use them in the best possible way.

https://sys.cs.uos.de «)(Y«)‘

| work on this!
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Can we do Traffic Engineering with SR Midpoint Optimization? https://sys.cs.uos.de «)‘Y(‘)‘

Central research aspects:
» Solution Quality
— Similar to end-to-end SR?
» Policy Numbers
— Reduction of SR policies in practice?
» Algorithmic Complexity
— Computation time & resource demands
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Traffic Engineering with Midpoint Optimization - How well does it work? https://sys.cs.uos.de «)‘Y(‘)‘

Tier-1 ISP Backbone Network:
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[Brundiers et al., “Midpoint Optimization for Segment Routing”, IEEE INFOCOM, 2022]

Copyright © 3 A. Brundiers, Osnabrii iversity, Germany


https://sys.cs.uos.de

Traffic Engineering with Midpoint Optimization - How well does it work?

Maximum Link Utilization

Tier-1 ISP Backbone Network:
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(Brundiers et al., “Midpoint Optimization for Segment Routing”, IEEE INFOCOM, 2022]
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Traffic Engineering with Midpoint Optimization - How well does it work? https://sys.cs.uos.de «)‘Y«)‘

Tier-1 ISP Backbone Network:
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» MO on par with E2E SR.

(Brundiers et al., “Midpoint Optimization for Segment Routing”, IEEE INFOCOM, 2022]
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Traffic Engineering with Midpoint Optimization - How well does it work? https://sys.cs.uos.de «)‘Y«)‘

Tier-1 ISP Backbone Network:
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» MO on par with E2E SR. » Substantially less policies.

(Brundiers et al., “Midpoint Optimization for Segment Routing”, IEEE INFOCOM, 2022]
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Tier-1 ISP Backbone Network:

1.0 5 4000 O
0.9 ° 2250 8
] 500 0O <
0s{® 0 o o o 5 0. J
o o o @ g < 0 «
0.7 4 o e} o) = i [e]
@ 5 & o % = 200
0.6 1 & ¢ e &¢ ® =
e ¢ 3 150
0.5 1 ¢ o 8
e}
£ 100-
0.3 4 “
O SPR 50 1
0.2 1 O MCF
oid * 1\{0 0 .
x EE A=1.00  A=1.05
it E2E
ABCDETFGHTIJKLMNOTPQR S
Sample Identifier
» MO on par with E2E SR. » Substantially less policies.

(Brundiers et al., “Midpoint Optimization for Segment Routing”, IEEE INFOCOM, 2022]
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How fast do we find SR configurations? https://sys.cs.uos.de «)‘Y«)‘

Problem: Computing solutions can take multiple hours!
— Acceptable for long-term, strategic optimization but not for fast re-configuration.
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How fast do we find SR configurations? https://sys.cs.uos.de «)‘Y«)‘

Problem: Computing solutions can take multiple hours!
— Acceptable for long-term, strategic optimization but not for fast re-configuration.

Solution: New heuristic algorithm

(Brundiers et al., “Tactical Traffic Engineering with Segment Routing Midpoint Optimization”, (accepted for IFIP Networking 2023)]
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Problem: Computing solutions can take multiple hours!
— Acceptable for long-term, strategic optimization but not for fast re-configuration.

Solution: New heuristic algorithm
» Solutions of similar quality within seconds!

(Brundiers et al., “Tactical Traffic Engineering with Segment Routing Midpoint Optimization”, (accepted for IFIP Networking 2023)]
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How fast do we find SR configurations? https://sys.cs.uos.de (()‘Y«)‘

Problem: Computing solutions can take multiple hours!
— Acceptable for long-term, strategic optimization but not for fast re-configuration.

Solution: New heuristic algorithm
» Solutions of similar quality within seconds!

» Allows for sub-second congestion removal in various scenarios
(e.g., traffic changes or link failures)
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Considered Scenario

(Brundiers et al., “Tactical Traffic Engineering with Segment Routing Midpoint Optimization”, (accepted for IFIP Networking 2023)]
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Problem: Computing solutions can take multiple hours!
— Acceptable for long-term, strategic optimization but not for fast re-configuration.

Solution: New heuristic algorithm
» Solutions of similar quality within seconds!

» Allows for sub-second congestion removal in various scenarios
(e.g., traffic changes or link failures)
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Midpoint Optimization is a SR variation worth considering:
» Solutions of similar quality as conventional SR
» Substantially less policies

» Solutions computable within seconds
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Midpoint Optimization is a SR variation worth considering:
» Solutions of similar quality as conventional SR
» Substantially less policies

» Solutions computable within seconds

Future Work: Hybrid approaches combining MO and E2E SR.
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The Takeaway https://sys.cs.uos.de «)‘Y(‘)‘

Midpoint Optimization is a SR variation worth considering:
» Solutions of similar quality as conventional SR
» Substantially less policies
» Solutions computable within seconds

Future Work: Hybrid approaches combining MO and E2E SR.

If you are interested in the details of our work:

» Brundiers et al., “Midpoint Optimization for Segment
Routing”, IEEE INFOCOM, 2022.

» Brundiers et al., “Tactical Traffic Engineering with g
Segment Routing Midpoint Optimization”, (accepted for Ll' ) a®
IFIP Networking 2023) ) -
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This work was supported by the Deutsche Telekom AG. The information and views expressed in this E

talk do not necessarily reflect the views of the Deutsche Telekom AG.
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Image Sources/Credits https://sys.cs.uos.de (()‘Y«)‘

The “scientist tux” (penguin) on is taken from:

M. Barbieri, 2010, “Tux version of scientist Lazzaro Spallanzani", Wikimedia Commons.

online: https://commons.wikimedia.org/wiki/File:Tux_Spallanzani.svg

License: Massimo Barbieri, CC BY-SA 3.0 https://creativecommons.org/licenses/by-sa/3.0,
via Wikimedia Commons
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