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Traffic Engineering using Segment Routing

Segment Routing ..
.. is a Source Routing Architecture

.. uses Node, Adjacency and Service Segment IDs to define “checkpoints”

.. encodes a path as a stack of SIDs

.. consults IGP to reach an SID

 SR tunnel ≔ concatenation of shortest paths

.. can be implemented with MPLS or IPv6 & an IGP extension
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2-Segment Routing

2SR ..
.. minimizes max. link utilization

.. Uses at most 2 concatenated shortest paths per SR tunnel
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Real-World Requirements I

| Minimize max. utilization
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2SR formulation from Bhatia et al.: Optimized Network Traffic Engineering using Segment Routing. IEEE INFOCOM, 2015

2SR by Bhatia et al.
Image from http://www.deutschetelekom-icss.com/ournetwork (Accessed June 2015)

Source Destination Traffic

RKV FRA 12

OS RKV 7

FRA RKV 42

etc.

Use SR Paths:

RKV  OS  FRA

FRA  OS  RKV

etc.

Max. util. = 64%

Input
Output
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Verifying 2SR
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lower bound

state of the art

10 Snapshots of a Tier 1 ISP Backbone from 2018
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Real-World Requirements II & III

| Minimize max. utilization

|Keep # of SR tunnels low

| Limit split factors
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The Tunnel Limit Extension (TLE)
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Real-World Requirements IV

| Minimize max. utilization

|Keep # of SR tunnels low

| Limit split factors

|Avoid transit on edge nodes
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Step 1: Define nodes to be blacklisted (e.g. ‘*Edge’)

Step 2: Automatically reorder list of nodes:

Step 3: Add constraint to optimization:
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Defining a Blacklist

✘ ✔

Osnabrück A

Osnabrück B

Osnabrück Edge

Reykjavik A

Reykjavik B

Reykjavik Edge

Frankfurt A

Frankfurt B

Frankfurt Edge

Osnabrück A

Osnabrück B

Reykjavik A

Reykjavik B

Frankfurt A

Frankfurt B

Osnabrück Edge

Reykjavik Edge

Frankfurt Edge

Nodes that may be 
used as checkpoints

Nodes that must only 
be source and/or 
destination
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Real-World Requirements V

| Minimize max. utilization

|Keep # of SR tunnels low

| Limit split factors

|Avoid transit on edge nodes

| Avoid bypassing latency 
requirements
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Delay Constraints
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Intranational Delay Constraint:

Intracontinental Delay Constraint:

Intra-Site Delay Constraint:
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The Tunnel Limit Extension
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| Reconfigure rarely & little

| Be resilient against failures

Even More Real-World Requirements
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Time of optimization 

or deployment of SR 
tunnels

Hardware 

outage

Irregularities in traffic 
matrices (e.g. Superbowl)

True changes of the topology 

(e.g. adding a new link)

Do we need to
re-optimize?
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The Takeaway

| SR is a powerful Traffic 
Engineering tool

| It has to be carefully fine-
tuned towards specific 
use-case

– Number of SR tunnels

– Traffic splitting

– Special nodes

– Latency

– etc.
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Any 
Questions or 
Comments?

Time‘s up? Find me at
https://sys.cs.uos.de/schueller

or contact me directly:
tschueller@uos.de

Details on this work can be found in: Schüller et al., “Traffic 
Engineering using Segment Routing and Considering 
Requirements of a Carrier IP Network”, IEEE/ACM Trans-
actions on Networking, vol. 26, no. 4, pp. 1851-1864, 2018
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