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Fragmentation-Aware Routing and Spectrum Allocation Algorithm for
Immediate Reservation Requests in Elastic Optical Networks

Liu Yan, He Rongxi, Wang Julin, Yu Cungian

College of Information Science and Technology, Dalian Maritime University, Dalian, Liaoning 116026, China

Abstract In elastic optical networks (EON), spectrum fragmentation causes a large number of requests blocked. In
order to decrease fragmentation and reduce the bandwidth blocking probability of immediate reservation (IR)
requests, a two-dimensional fragmentation-aware routing and spectrum allocation (RSA) algorithm is proposed. In
the routing phase, the proposed algorithm considers the route hop number and the modulation format, aiming to
calculate multiple candidate paths with a smaller number of hops and a higher level of modulation format offline. In
spectrum allocation phase, a two-dimensional fragmentation metric namely combined fragmentation metric (CF) is
designed to evaluate each candidate spectrum block, which comprehensively considers three factors: distance to
frequency boundary, impact on contiguous resources, and resource consumption. Then, the proposed algorithm will
allocate the candidate spectrum block with the minimum CF to IR requests. The simulation results show that
compared with several well-performed benchmark algorithms, the proposed algorithm can further reduce the
bandwidth blocking probability and improve the spectrum utilization.
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Table 1  Corresponding relation between modulation format
and transmission distance
Modulation  Spectrum efficiency /  Max transmission
format (bit*s™'*Hz™ ") distance /km
BPSK 1 9600
QPSK 2 4800
8QAM 3 2400
16QAM 4 1200
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Fig. 1 Example to describe a two-dimensional path resource model. (a) Network topology; (b) two-dimensional path resource model
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Fig. 2 Example of searching candidate spectrum blocks on the path resource model
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Fig. 3 Example describing how to calculate the joint fragmentation degree. (a) Network topology; (b) path resource

model of Path 1; (c) path resource model of Path 2
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%2 OHM-MCF 5kt
Table 2 Pseudo code of OHM-MCEF algorithm

Algorithm 1. The proposed OHM-MCF algorithm

Input: An IR request R(s,d,C) and network topology G(V, E);

Output: The best candidate spectrum block B and the routing path where the block is located ;

Phase I. Network Initialization (OHM routing process)
1: for each s-d pairin G(V, E) do

: calculate all feasible routing paths;

: choose the first K candidate paths according to the ascending order of Wp;

2
3: calculate W,with Formula (2) for each feasible path of s-d pair;
4
5

: take each s-d pair and the corresponding K candidate paths as key value pairs and store them

in the dictionary R,.
6: end for

Phase II: Dynamic Service Provision (MCF spectrum allocation process)

7: Extract K candidate paths corresponding to the requested s-d from R,

8: for each path do

9: build the path resource model for path;

10: find all candidate spectrum blocks based on spectrum block search strategy;

11: for each spectrum block B do

12: calculate F, with Formula (7);

13: end for

14: end for

15: if candidate spectrum blocks exist then

16: determine the best spectrum block B with minimum Fy;;

17 assign the best block and the corresponding path to the request;

18: else
19: block the request;
20: end if
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