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Setup

4 v
A * N OTs connected to a MxN ADB

> «

* Possibility of connectingto N 1xT SC
-+ »

- HT * QOTs connected to the same SC must:

.
o Share a spectrum slice of X GHz
e AR AR - & 12 ..M o Be added/dropped to/from the same

MxNADB WSSs
1xM t—~— *44'/2’// ROADM direction
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Goal

Evaluation of the changes in performance

. . I I I l A A A A
depending on the number of ADB ports equipped
with SCs and their bandwidth wss wss wss ase wss wss wss wss eve wss
(NN Il i I
Variables: /Mu\ /uMu\
e ADB ports connected with SCs: 0 - 24 (step 1). Sw | ow | Sw [ oW ow | ow | Sw [
e Passband SC: 50 -300 GHz (step 50 GHz). ! ! ! ! T T T

Evaluation Parameters:

e Jotal Transported Capacity (Tbps) before reaching
blocking threshold.

e Ratio over baseline (configuration without SCs).
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Topologies

National 6-12 1N + 2.5N 150 km 400 km
Continental 60-120 TN + 2.5N 300 km 1000 km
Generation. Algorithm. « ROADM specifications:
* Randomized spanning tree (to «  Maximum degree (M): 8
guarantee connectivity) * ADB ports (N): 24
* Add casuallinks until reaching the » ADB ports connectable to SCs: 0 - 24
target * Fiber Speqtrun? (‘C-band): 96 slot x 59 GHz.
 Lengths are normally distributed with * Forsimplicity’s sake, spectrumiis
a suitable clamping algorithm discretized in slots of 50 GHz each)
val ~ N (“ Ly = Lavg) « SC spec.:ifications:
3 * Client SC ports (T): 2
L = max(10 km, min(val, L. )) * |fconnected, a SC always occupies all its band!



Seminario IEEE Photonics Society, Pavia, 27 Novembre 2009
Reti di Trasporto ottico: criteri di progetto ed esempi realizzativi

Why 1N + 2.5N?
Struttura del nuovo Backbone fotonico

Analysis of the legacy Italian Backbone Schema preliminare
(formerly SIP/Telecom ltalia) highlights an '
average nodal degree of 3.1 (range 2-5)

Del nuovo backbone

| . Diametro di rete: 2400-3100 km
(working-protection)

i » Massimo numero di hop: 11

Physical consistency check » Grado nodale: 2+5 (media 3.1)

> deg(v) = 2/

» Tecnologia:

» ~40 nodi a commutazione di A
basati su ROADM

» ~B60 sistemi DWDM ULH con 80
lambda

» Fibre G.655 e G.652
» Canali ottici (OCh) a 10 e 40

Handshake Lemma guarantees that the
generated links (|E|) strictly respect the

Gbit/s
physical limitations of ROADMs. Fap » Pronto per trasmissione a 100 G
ﬂgﬁ Marco Schiano, Transport & OPB Innovation © Telecom Italia SpA 2009, tutti i diritti riservati 33



Benchmark

1. Generate 200 random topologies (100 “national” and 100 “continental”).

2. For every possible combination of: number of SC equipped ports(#SC | 0 < #SC < 24) x SC bandwidth
(Bsc | Bsc € {50,100, 150, 200, 250, 300} GHz):
1. Generate demands in batches of 50 each (n.b: initial batch=100).
2’. Process demands up to a Blocking Rate > 1%.

i. Order over decreasing bitrate: bigger demands are served earlier.
il. Group for src-dst couple: it maximizes grooming opportunities

37, Store total accepted capacity

3. Compare results to baseline (0 SC) to get a clearer performance analysis
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Vienna

Benchmark - Process?

We need 1000Gbps between Lamezia and Rome

1. 15t Problem: Routing. Which one of the multiple available
path should we pick?

2. 2" Problem: Transponder Selection. What OT should we

C:v_'lﬂjlri pick from the catalogue?

gocoro 3. 3" Problem: Grooming. Should we use an ADB port with an

SC attached or not?

.. - -
Cagliari

| - 4. 4% Problem: Wavelength Assignment. On what wavelength
should we tune our lasers?

" Palermo

Sky WiFi — Optical Backbone
Simone Carturan —ITNOG 2024



1. Routing

K-Shortest Paths: for each demand K=10 candidate routes
are generated (alg. Yen), each with a specific cost:

 Cost: path_length

We try to route on the most economic path; if it fails
due to limited spectrum, we attempt using the next
one.




2. Transponder Selection

Source/Destination: random nodes (uniform).

Bitrate: 700G - 1000G (step 100G, uniform distribution).

Given a demand, OTs (Optical Transponder) are selected based on the lightpath's length.

Data Rate Modulation Channel spacing Reach (km)
. . Gb f Af (GH

> Filter OTs with reach = route length. (5b/) s arar o —
o Order over decreasing spectral efficiency 700 PCS 64 QAM 100 400
600 16 QAM 100 700
(Gbps/Hz). 500 PCS 16 QAM 100 1300
. . 400 PCS 16 QAM 100 2500
o Reach requeSted CapaCIty with the 300 PCS 16 QAM 100 4700
. . 300 64 QAM 50 100
most efficient OTs. ~00 1E$M " 300
100 QPSK 50 3000

1000G, 600km: 1x600Gbps (700km reach) + 1x400Gbps (2500 km reach).



3. Grooming

| TRANSPONDER #1 |7

TRANSPONDER #2 |7

TRANSPONDER #3 |7

PORT #01 PORT #07 PORT #13 PORT #19
IN|OUT IN|OUT IN|OUT IN| OUT
PORT #02 PORT #08 PORT #14 PORT #20
IN|OUT IN|OUT IN | OUT IN| OUT
PORT #03 PORT #09 PORT #15 PORT #21
IN|OUT IN | OUT IN|OUT IN | OUT
PORT #04 PORT #10 PORT #16 PORT #22
IN | OUT IN | OUT IN | OUT IN | OUT
PORT #05 PORT #11 PORT #17 PORT #23 Splitter/Combiner
IN|OUT IN|OUT IN|OUT IN| OUT
PORT #06 PORT #12 PORT #18 PORT #24 f 1
IN | OUT IN | OUT IN | OUT IN | OUT PORT #22.0 PORT #22.1
IN | OUT IN | OUT
Splitter/Combiner
PORT #18.0 PORT #18.1
IN | OUT IN | OUT

Where should we
connect our new OTs?




3. Grooming

Three Strategies. If one fails, the following one is deployed.

Plan A: Grooming on already paired SCs.
Precondition: a source-destination SC pair already NEW \

exists with available spectrum and client ports. (2,3) " (2,3)
1.Search for source ports with a “paired” SC toward

the destination.
2. Check residual capacity (both spectrum and

customer ports). Has the demand been splitinto
2a.if more than one SC is available, fill the most more than one OT? Are there future
occupied SCs first. demands that can be aggregated?
4. Connect the OT pair to the customer ports on the

identified free SC.

No new allocation on fiber!




3. Grooming

NEW
(2,3)

(2,3)

Plan B: Activation of a new SC couple.

Precondition: Ports with non "paired" SC exist
(both for src and dst)

1. Find src port with free SC(non paired).

2. Find dst port with free SC (non paired).

3. Allocate SC bandwidth in the fiber.

4. Connect OT to the SC couple.

5. Register the pair for future grooming.

Allthe SC passband has to be allocated even with just
one QOT!

Failure

ﬁ

Has the demand been split into
more than one OT? Are there
future demands that can be

aggregated?

NEW
(2,3)

Plan C: Connection to a port without SC
(Fallback)

Precondition: There are empty ADB
ports (without SC).

1.Find empty src and dst ADB ports..

2. Allocate only the requested OT bandwidth.

3. Connect the OT directly to the port.

No aggregation is possible, but less spectral waste




Implementation

The simulation software is implemented in basically pure Python with NetworkX as the sole
main dependency.

NetworkX @ pgthon””

{®) Network Analysis in Python



Results — National Networks

Capacity Ratio - National Network
(Higher is Better)

o
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RN (2241 To " e At least 150 GHz are
needed, more than 200 GHz
is wasted band
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SC Spectrum (GHz)




Dominant Failure Type - National Network

o Failure Type
W No Path/Reach
— SC Ports
~ W ADB Ports
mm Spectrum
m W Resource Combo
= Other
e All configurations
T are limited by ADB
. ports shortage

50 100 150 200 250 300
SC Spectrum (GHz)




Results - Continental Networks

Capacity Ratio - Continental Network
(Higher is Better)
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Dominant Failure Type - Continental Network

Failure Type

B No Path/Reach
SC Ports

W ADB Ports

B Spectrum

B Resource Combo
Other

Inthe highest
performing
configurations,
failure is due to
spectrum and not
from unavailability
of ADB ports.
We are better
exploiting the
optical network!
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Why do national networks improve
more than continental?

National Continental Node/Port ratio
Demand | Spectrum | OT Spectrum | OT Demand . . .
(Gbps) | (Gh) (Number) | (Gha) (Number) | probability | - National: nodes countis comparable to ADB ports (~20
nodes vs 24 ports).
100 50 1 50 1 0,1
200 50 1 50 1 0,1 - Continental: massive discrepancy (~100 nodes vs 24 ports).
The network is port-constrained at the edge.
300 100 1 100 1 0,1
400 100 1 100 1 0,1 Continental links are longer (300km vs 150km avg), increasing
AL - 5 A

00 100 1 100 1 o1 the probability of multi-OT demands from 20% to 30%.

600 100 1 100 1 0,1 The sudden influx of traffic, combined with inefficient spectrum

200 100 1 100 1 01 usage (e.g., allocating entire SC bands for single OTs), quickly
clogs the core links.

800 100 1 150 2 0,1

900 150 5 150 5 0.1 Adding SCs improves performance in well-connected port-
unconstrained topologies, in which the number of nodes is

1000 150 2 200 2 0,1 limited.

10 10
E[OT|National] = ZR * #0T; = 1.2 OT /request E[Spectrum|National] = Z P; x #Spectrum; = 100 GHz/request
i=1 i=1
10 10
E[OT|Continental| = Z P;  #0T; = 1.3 OT /request E|[Spectrum|Continental] = Z P; x #Spectrum; = 110 GHz/request

j=1 j=1



Theoretical limit n | N\
algorithm sanity check N~

Capacity Ratio - SUPERPOP_CORE Network
(Higher is Better)

[ ]

- Idealized topology: a 4-node fully meshed
R network designed to eliminate routing

(19.54 Tbps) (21.56 Tbps) (21.42 Tbps) (21.42 Tbps) (21.42 Tbps) . .
R S ) i B e bottlenecks and isolate the grooming
] (15(.,'7994'?&;;5) tzz%iloo%zps) (23?4?1?8;351 (221.5114153;)51 (22%@114$;ps; {22].é114'?gps} e rf 0 r m a n C e
o (15?;4932‘?;;:5) (22].-5123T1I(:’ps) 124?'2_71$3ps) (23%5118%5;:5) (23%5118%§ps: {23].-511&T1I§ps} p °

0.9040 1.1495 .26 203

© 1 (18.00 Tbps) (22.88 Tbps) (25 s) 2
o 0.8801 1.1665 13011 -~ D . . . S C

752 Tops) 568 Tos - 2535 The 2x multiplier: since each evaluated
1 (16.94 Tbps) (23.52 Tbps) 5 Thps)

9

e - =8 oy wolh provides exactly 2 client ports, the absolute

R *s maximum theoretical capacity gain is

Eal i s intrinsically capped at 2x.

9 (13(.):'1617?;;;51 tzal.izcul ;gps} ) ( ) | o6 ;’
e — ity e ¢ Validation passed: the heatmap confirms our
1054 Tos i 5425 o 5 algorithm efficiently aggregates Ots without
(10.16 Tbps) L'24.071 Thps) D b -0.4

0.4433 1.2
(8.80 Tbps) (24.09 Tbps) 3

0.4286 1.1927 0 867 .8686
(8.51 Tbps) (23.69 Tbps) 3 14 Thps)

1.2001 2 '
(23.84 Tbps)

0.3423 1.1727
(6.79 Tbps) (23.29 Tbps)

0.2663 1.1810
(5.28 Tbps) (23.45 Thps)

0.2433 1.1339
(4.82 Tbps) (22.52 Tbps)

0.1655 1.1413
(3.28 Tbps) (22.66 Tbps)

50 100 150 200 250 300
SC Spectrum (GHz)

premature spectrum failure, peaking at
Capacity Ratio of ® 2.03. This convergence to
» the theoretical limit proves the routing and
grooming logic works exactly as intended
before scaling to complex deployments.

24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

0.0




Conclusions and Future works

» ’ "

With our implementation:
+25% for national networks
+19% for continental networks
What else could be tried out?

Another degree of freedom: number of ADB
ports/nodes degree

Would we get the same results with 16-degree
nodes?

More accurate/case study specific traffic model
Capacity Gain/Hardware Cost study
in which cases using SCs is monetarily worth it?
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