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Traffic Engineering using Segment Routing https://sys.cs.uos.de/ (()(Y(()(

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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SYS

2-Segment Routing https://sys.cs.uos.de/

2SR ..

. minimizes max. link utilization
Uses at most 2 concatenated shortest paths per SR tunnel
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Real-World Requirements | https://sys.cs.uos.de/  §YS

| Minimize max. utilization

A
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2SR by Bhatia et al.

Input

https://sys.cs.uos.de/ (()(Y(()(

Image from http://www.deutschetelekom-icss.com/ournetwork (Accessed June 2015)

Max. util. = 64%
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Use SR Paths:

Destlnatlon RKV = 0S = FRA

RKV FRA
OS RKV
FRA RKV
etc.

N
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12 FRA = 0S = RKV
7 etc.
42

2SR formulation from Bhatia et al.: Optimized Network Traffic Engineering using Segment Routing. IEEE INFOCOM, 2015
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http://www.deutschetelekom-icss.com/ournetwork

Verifying 2SR https://sys.cs.uos.de/ (()(Y(()(

10 Snapshots of a Tier 1 ISP Backbone from 2018
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Real-World Requirements Il & llI (()(Y(()(

https://sys.cs.uos.de/

Keep # of SR tunnels Iow |

| Limit split factors min 04k
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The Tunnel Limit Extension (TLE)

n
UNIVERSITAT OSNABRUCK Copyright © 2019 Timmy Schiiller, Osnabriick University




SYS

Real-World Requirements IV
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| Minimize max. utilization

A
| Limit split factors % X w
fﬁb,v®~~

\
0597,/;;@,;0 Avoid transit on edge nodes |
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Defining a Blacklist https://sys.cs.uos.de/  §Y§

Step 1: Define nodes to be blacklisted (e.g. “*Edge’) : X Pt
1 <1

Step 2: Automatically reorder list of nodes:

Osnabruck A Osnabruck A )

Osnabruck B Osnabruck B

Osnabriick Edge Reykjavik A Nodes that may be
Reykjavik A Reykjavik B > used as checkpoints
Reykjavik B Frankfurt A

Reykjavik Edge Frankfurt B <

Frankfurt A \ Osnabriick Edge Nodes that must only
Frankfurt B Reykjavik Edge > be source and/or
Frankfurt Edge ——— Frankfurt Edge destination

Step 3: Add constraint to optimization: ufj = 0 Vijk |k >B Nk #j

With this modular
des:gn, aNy node
Mmay be blacklisted ]

UNNERSITAT@OSNABRUCK Copyright © 2019 Timmy Schiiller, Osnabriick University




SYS

Real-World Requirements V https://sys.cs.uos.de/
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| Minimize max. utilization
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Keep # of SR tunnels lo

A
| Limit split factors % X w
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\
0597,/;;@,—:0 Avoid transit on edge nodes |

| Avoid bypassing latency
requirements
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Delay Constraints https://sys.cs.uos.de/  §Y§

Intracontinental Delay Constraint:

uf = 0 Vijk | continent(i) = continent(j) A continent(k) # continent (i)

Intranational Delay Constraint:

uf = 0 Vijk | nation(i) = nation(j) A nation(k) # nation(i)

Intra-Site Delay Constraint:

uf = 0 Vijk | site(i) = site(j) A site(k) # site(i)

g
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The Tunnel Limit Extension https://sys.cs.uos.de/ (()(Y(()(

SERS

oy (19~

=
o
o

o
o

~
y
\
| %
o

Maximum Link Utilization (MLU)

0.6 '
g
MCF1 2 3 45|10 15 20SPR
min 0 Tradeoff Cogffigient (%)
S.t. ZTZ“] = i Vij ‘
gi(e)xl, < Ocle) Ve 0 1 - GOOd
5 © 103/ ©OMpromise
zh =0 Vijk | k> B A k#j E ] pOSSib/
ok = Vijk | k ¢ T(LCAG, j)) 3 e
k>0 Vijk N
o1 . o 10 E
min # CSY +§uﬁ B
J _Q 1 1) o
s.t. doul =1 Vij - ' ©
k S 10 e
ZZgg(e)uZ ti; < 6 cfe) Ve = %
. ik ke Bkt MCF1 2 3 4|5]101520SPR
U = ijk | k= C#£ g
o Vigk | k ¢ T(LOAG ) Tradeoff Coefficient (%)
ufy € {0,1}  Vijk

g
UNIVERSITAT OSNABRUCK Copyright © 2019 Timmy Schiiller, Osnabriick University



ore Real-W
-World Requi
quirements
https://s
://sys.cs.uos.de «
/ )Y(()c

| Reconfi
onfigure rarely & littl
e

Do we need to

re-optimize?
‘e
Time Of Opt ) Hardwar‘e
imization outage >
True Ch
anges of
(e. - the to
g. addlng 3 new Ilnk;)0|0gy

or deplo
ymen
tunnels tof SR

Ir -

mraetgylannes in traffic
ric

es (e.g. Superbowl)

I Be resili
esilien .
t against failures ¢
Y
Ezz'??ntemet

with few mgh-speed con
NATE ANDERSON- 42012018, % M
The wiadie gast unfortund y ed Inte! et c0 ity the rest f rd, and hat
connec\'\v’\ty was siowed dramat’lca\\y is Wee! htt Mewe-4 \ suffered @
3 came Nt contact with 5€8 watel s0mMe! L Med‘\teﬂanean
of the connec\'\v’\ty petwesn Eurepe and EYPY
3 peyond: service st

UNIVERSITA
oty
OSNABRUJ
CK
Copyrigh
ght © 2019 Timmy Schll
er, Osnabrii
ck Universi
sity



The Takeaway https://sys.cs.uos.de/  §YS

| SRis a powerful Traffic Any
Engineering tool o

| It has to be carefully fine-
tuned towards specific

use-case Time's up? Find me at
https://sys.cs.uos.de/schueller
— Number of SR tunnels or contact me directly:

tschueller@uos.de

— Traffic splitting
— Special nodes

— Latency

— etc.

Details on this work can be found in: Schiiller 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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