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What is a Multi-Domain Network? TUT

A network consisting of several single-domain networks
connected by inter-domain links.

Dst

. Domain: independent network with its own rules and

.. Sre
management poI|C|es.

Domain 2

Domain | Domain §

. Internal node: can only view local network information.

. Border nodes: can view both local and global network Domain 3 Domain 4 [1]
information.

[1]: Sun, Gang & Li, Yayu & Liao, Dan & Chang, Victor. (2018). Service Function
Chain Orchestration Across Multiple Domains: A Full Mesh Aggregation Approach.
IEEE Transactions on Network and Senvice Management. PP.
10.1109/TNSM.2018.2861717.
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Problem Description (1)

. Challenge in multi-domain optical networks:
survivability vs. confidentiality.

. Topology Aggregation: abstract domain-
specific complete topology into a more concise
representation.

[1]: Sun, Gang & Li, Yayu & Liao, Dan & Chang, Victor. (2018). Service Function
Chain Orchestration Across Multiple Domains: A Full Mesh Aggregation Approach.
IEEE Transactions on Network and Senvce Management. PP.
10.1109/TNSM.2018.2861717.

Maria Samonaki | Survivability in Multi-Domain Optical Networks | 20.12.2022

sre

Domain |

Domain 3 Domain 4

(a) substrate network

- —_— st
-~ - —_

ain 7

Domain 2 Domain 5
- -
_— — -
Domain 3 Domain 4
(b) abstracted network [1]



Problem Description (2)

« Objective: find two disjoint paths on the aggregated
multi-domain topology, s.t. the total cost of the two
paths is minimized.

« Approaches: Link-Disjoint[2] vs. Node-Disjoint Paths
. Sequential Approach
« Joint Approach

[1]: Sun, Gang & Li, Yayu & Liao, Dan & Chang, Victor. (2018). Service Function Chain
Orchestration Across Multiple Domains: A Full Mesh Aggregation Approach. IEEE Transactions
on Network and Senice Management. PP. 10.1109/TNSM.2018.2861717.

[2]: C. Gao, H. C. Cankaya and J. P. Jue, "Sunivable inter-domain routing based on topology

aggregation with intra-domain disjointness information in multi-domain optical networks,"
in Journal of Optical Communications and Networking, vol. 6, no. 7, pp. 619-628, July 2014.
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Node-disjoint routing — Sequential approach
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Node-disjoint routing — Joint approach
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Intra-domain Disjointness Information TUTH

« Each domain provides a matrix only with cost
information for every pair of aggregated links.

 The physical mapping of the links into the intra-
domain topology is not advertised. Domam 3 Dor1

] (a) substrate network
« Each cell of the matrix stores the total cost of the

disjoint path pair for each pair of aggregated links. 1 o =
1, "i ~ -
L | L, | L, Domain 1 Domain 2 Domain 5
Ll | Ll | Ll T g
Domain 3 Domain 4
LU | I3l | 15l
S I (b) abstracted network
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Cost266 European Network

« 21 countries/domains.
« 37 nodes in the aggregated topology.

» Blue edges: the edges of the original topology.

Dusseldorf

[3]: http://sndlib.zib.de/home.action
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Cost266 European Network

« 21 countries/domains.
« 37 nodes in the aggregated topology.
» Blue edges: the edges of the original topology.

* Red edges: added edges for the full mesh
aggregation in the domains.

6 domains with more than 1 border node:
. Germany

Italy

. Spain

. UK

. France

. Poland

oOUAWNER

[3]: http://sndlib.zib.de/home.action
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Germany50 Network

Border nodes:

* Munich
Duesseldorf
Frankfurt
Hamburg
Berlin

Freburg!

[4]: http://sndlib.zib.de/home.action
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Results — Link lengths as costs TUTH

_ 410 X320
* The costs are the lengths of the links. = BEE Link-Disjoint Avg. cost over the
2“9 7 s Node-Disjoint same no. of requests
w
« Link-disjoint problem: s o 400
All requests are satisfied by every method. 3 T 305 a\
o3
JJ‘} hut
O T
© @ 3.90
 Node-disjoint problem: %‘.g
Almost 8.5% of the requests not satisfied by the o o %
2 methods that apply the Sequential approach E “6 380
over the inter-domain aggregated topology. e
g 3.75
* Node- vs. Link-Disjoint: ~ 5% increase on =
3.70 - T T
the average cost. ToT SoT ToS SoS ToT SoT ToS SoS
T: Sequential method Inner Capital: Intra-domain routing method
S: Joint method Outer Capital: Inter-domain routing method
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Results — Randomized costs

* The costs are completely randomized.

* Link-disjoint problem:

Almost 0.5% of the requests not satisfied by the
2 methods that apply the Sequential approach
over the inter-domain aggregated topology.

* Node-disjoint problem:

Almost 10% of the requests not satisfied by the
2 methods that apply the Sequential approach
over the inter-domain aggregated topology.

* Node- vs. Link-Disjoint: ~ 5% increase on
the average cost.
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Results — Blocking Probability

# unsatisfied requests
# total requests

 Blocking probability =

e The costs of the links are randomized in each
simulation.

* Theresults are obtained over 1000 independent
simulations.
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Conclusions

= Multi-domain networks:

1. Domains need to maintain their privacy.
2. Expose limited information for network services.

= Survivability
= Domains provide only cost values for their aggregated links.

= Link- or Node-Disjoint inter-domain routing between every pair of border nodes.

= Link- vs Node-Disjoint routing:
1. Node-disjoint case presents higher average cost and blocking probability.
2. The joint approach can achieve 0% median of blocking probability.
3. Lessthan 10% average costincrease from link- to node-disjoint problem.
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Thank you!

Questions?

S
|
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Intra-domain routing algorithm TLT

Two-Step ’ Suurballe
v v

‘ Consider a pair of aggregated links |j, - J
I

Remove the intermediate
nodes of the FSP.

Apply the node splitting
techinque.

!

Reverse the edges of FSP and
negate their costs.

Y

Yes
Put src(lj) and dst()) ¢
No Remove src(lj) from the | [Remove ds(lj) from the No back. Add the maximum absolute value of the
topology. topology. costs to the cost of every edge of the

e

Is there a FSP for |j?

topology.
|

Is there a FSP for |;?

Yes/ Two-Step Yes/ Suurballe

Is there a SSP for Ij?

No No Store 1 to t;j of No [ 'Remove any overlapping links
the matrix. and reconstruct the two paths.
_ v
Yes (Store 0 to 0 of Subtract the maximum absolute value of the
h R costs from the cost of every edge of the
Remove src(lj) Remove dst(lj) the matrix. topology.
No and put src(lj) back to| | and put dst(lj) back to v
the top:ology. the topl)ology. Calculate the cost of the path pair and store it to t;; of the matrix. ]
\;I“

Ll Y
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Inter-domain routing algorithm TLT

v v

Construct the disjointness matrix for every domain and store [ CO”?ider the i”t_ra'_domai” link j of the FSP and all < ‘ =i \
the single SP costs for each aggregated intra-domain link. the intra-domain links j that need to be changed. -

S

: v \ ] N N
Find the FSP over the inter-domain aggregated topology s @ ° @ 0
between src and dst.

\ | ) Yes J'
Two-Step ¢ ‘LSuurbaIIe v [ Remove src(l;), dst(l)) }
Remove the intermediate Apply the node splitting [ Remove link |; from } \ from the topology.
nodes of the FSP. techinque. the topology. (Change the costs of
¢ to tjj - SP(lj). ]‘7
I

Reverse the edges of the
FSP and negate their costs.

¢ No

'l' i >len(FSP)

s there a SSP? Yes/ Suurballe

Remove any overlapping links
Yes/ TWO'StEPl and reconstruct the two paths.

v v

[Request bIocked.] [Check FSP for cost change.]
v

Request satisfied.
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