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Multi-dimensional resource in optical networks
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Switch fabric of SDM-EON with multi-mode fiber
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Switch fabric of SDM-EON with multi-core fiber

The transceiver resources consist of a transceiver pool, supplying the
appropriate sub-transceivers according to the traffic requirement.
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Core and spectrum switching with spectrum continuity
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Core and spectrum switching

In the switch fabric, different spectrum slots can be switched between
different cores, but must follow spectrum continuity and spectrum
contiguity .




Crosstalk between adjacent cores
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(b) Schematic of trench-assisted seven-core fiber (c) Schematic of a core with index trench
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Spectrum fragments in SDM-EON
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« The issue of spectrum defragmentation will be more serious
compared with simple EON, because the spectrum status in SDM-
EON becomes more complex.

 Crosstalk is another factor to be considered with setting a certain
threshold value of inter-core crosstalk.
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Benefits model of spectrum defragmentation
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Spectrum compactness in SDM-EON
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cl . q
connection in the core ¢ of link .G is the number of available spectrum blocks in the core ¢ of link [, and 9; denotes the spectrum resources of the jth available
spectrum block in the core ¢ of link [.

Xiaosong, Jie Zhang, Yongli Zhao, Jie Zhang, et al., Spectrum compactness based defragmentation in flexible bandwidth optical networks, OFC2012,

Los Angeles, CA, USA, Mar.2012.
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Crosstalk-aware RSCA
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Network model

o G(V.E,C):a3DMM-EON network with bidirectional graph..,

# V:aszetof physical nodesm G(V,E.C)...

¢ E:gset of physical links m &(V, E,C)..,

o Coasetofcoresin G(V,.E C)...

 R:gaszetofconnections n G(V,E,C) at the comment.

« M: the number of links i the networks topelogy G(V.E. C)...

# N: the number of nodes m the networks topelogy G(V.E, ...

o T: the number of cores in each line. .,

o P the number of connections m the network zt the comment. .,

o 500 - the maximum occupied spectrum in the core ¢ of link 1.,

o 5° - the minimum occupied spectrum in the core ¢ of link [,

o B the spectrum occupied by the jth connection in the core ¢ of link 1.,
# G°': the number of available spectnum blocks m the core ¢ of Imk [
 g|': the spectrum resources of the jth available spectrum block in the core ¢ of Imk ..,
e [;:the length of link 1.,

¢ Lg:the length of the ith connection in the network..,

o SC° 1 the spectrum compactness in the core coflink [,

o SC':the spectrum compactness of hnk [,

® SC..ponoa the threshold of spectrum compactness for spectrum defragmentation.
» XTg: the crosstalk for connection R;..

® XT.yreonomm- the threshold of crosstalk for the connection.

L
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CASD with Same Spectrums and Different Cores
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The main idea of CASD-SS-DC is to move the connection to another core on the
same link with the same spectrum slots to increase the spectrum compactness.
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CASD with Same Spectrums and Different Cores

Algprithm 1: CASD with Same Spectrums and Different Cores (CASD-353-DC).
Input: network topolegy GOV, E, £, current connections..

Dutput: new comnactions distibution. .

I:For (im=Lmz= l;m++:ll

2: Caleulate all 56 for the networks,
3:  Sortthem i an zscendmg order, and zelect the first connechion from the ordered list;,
4: Iftha first 5C°° = 5C50mehald-
5 For all the comnactions on lmk [
&: Search the availabls spectnon for the commaction n the other cores of Link ;.
- If there are available spectmum for the commection R} on n cores (p==1).
& For (j=Lj<n+Lj++)
9 Calculate the 50" of the origmal core and the jrh onented cors;
10 If 5c°° ofboth orizinzal core and the jeh onentad core = 5C,,,0uuie.
11: Caleulate the crosstalk of the affectsd connections A, (may be more than one);.
12: If ATR, = XTihreshota-
13: Movea the spectrum fo the onented cors;.
14: Break;
13: Elze do nothing;.
16: End if
1 Elze do nothing;.
18: End if
18- End for
20 Elze do nothing;,
21 End if
22:  End for
23:  DBreak;
24: Elze break;.
23 Endif
26: End for.
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CASD with Different Spectrums and Same Cores
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Different from CASD-SS-DC, if there is no available spectrum resources on other
cores or the crosstalk exceeds the threshold, the connection can be moved to other
available spectrum on the same core along the lightpath.
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CASD with Different Spectrums and Same Cores

network topology G(V, E, ), current connections +

Output: new connections distribution +

LLFor (m=Lmz=1Lm++)+

ol L

Calculate all SC% for the network;+
Sort them in an ascending order, and select the first connection from the ordered list:+
If the first SC°' < SConyeshoid
For all the connections on link [+
Search the available spectrum for the connection in the other cores of link  [1:+
If there are available spectrum for the connection R; on n cores (n>=1)
For (j=1j=n+Lj++)¢
Calculate the SC°' of the original core and the jth oriented core;+

Ifthe SC°' of both the original core and the jth oriented core > SCiprashola®
Calculate the crogstalk: of the affected connections R, (may be more than one);+

If XTq, < XTynreshota?
Move the spectrum to the oriented coge;+
Break;+
Else do nothing;+
End if+
Else do nothing;+
End if+
End for+

Algorithm 2: CASD with Different Spectrums and Same Cores (CASD-D5-5C)« 17.
Input:

For (j=Lj=qg+Lj++)

23: Calculate the SC%! of the original spectrum block and the jth spectrum block;+
24: If 5C%! of both original spectrum block and the jth spectrum block > SCiprpsnoia
25: Calculate the crosstalk of the affected connections F, (may be more than one);+
26: If XTg, < XTihreshole®

27: Move the spectrum to the oriented spectrum block;+

28 Brealk;+

20: Else do nothing;+

30: End if+

31 Elze do nothing;+

32 End if+

33 End for+

34: Else do nothing:}

35: End if+

36: End if+

3T End for+

38 Breal;+

39:  Else brealk;+

40:  End if+

41: End for+

Else Search the available spectrum for the connection in the same core along the lightpath:+

If there are available spectrum for the connection B; on q spectrum blocks (gz=1
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Simulation works to be done

It is assumed that each fiber has 7 cores and each core has 50 spectrum slots. The fiber parameters k,
r, B, wg, in formulation 1 are set as 3.16 x 107>, 55mm, 4 x 10%,45um, respectively, and the
threshold for the crosstalk is -32dB. The service requests are generated randomly between any node
pairs. The arrivals of service requests follow Poisson process, and the required spectrum of each
request is randomly generated between 1 and 5 spectrum slots. The results are obtained from 10,000
service requests. The normal RSA (Nor-RSA) and crosstalk-aware RSA (XTA-RSA) algorithms are
simulated as the base algorithms. First fit strategy is adopted in Nor-RSA and XTA-RSA algorithms.
The performance is verified in terms of blocking probability, spectrum utilization, spectrum moving
times, spectrum defragmentation latency.
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