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Abstract—In order to achieve global-scale elastic opti-generation sites. If th element of the position vector is
cal networks, it is important to solve a virtualized-elasticd, it denotes tham th node is a candidates of regeneration
regenerator (VER) placement, and routing and spectrugite and VER can be installed at node If n th element
assignment (VER-PRSA) problem. This study proposesf the position vector is 0, VER cannot be installed at the
application method of the binary real coded firefly algonode even if it is necessary. The proposed method is the
rithm (BRCFF) for the VER-PRSA problem. BRCFF isfirst application of FA or other multi-agent metaheuristic
used for determining regenerating node candidates wheatgyorithm to VER-PRSA problem. Even if other problems
zero or more VER can be installed. We confirm that thexcept of VER placement or routing and spectrum assign-
proposed method reduce the total number of VERs in conment are required to optimize EONs, FA can adapt flexi-
parison with the conventional method. bly by modifying the fitness function. We apply the pro-
posed method using BRCFF to four network models, and
we confirm that the proposed method can reduce the to-
tal number of VERS in comparison with Shortest-Path and
Farthest Node (SP-FN) algorithm [2].

1. Introduction

The elastic optical network (EON) is scalable opti-
cal transport network architecture, and it alleviates the
stranded bandwidth issue of current wavelength-routed og- Constraint Conditions of VER-PRSA Problem
tical networks. In order to achieve global-scale EONs, a ) _
virtualized elastic regenerator (VER) was proposed as a so- V€ €xplain about the definition of the VER-PRSA prob-
lution for efficiently regenerating various bandwidth superl€M for a set of static tféic demands in a translucent EON.
channels, including tightly aligned Nyquist WDM Super_Note that_varlables u;ed in this _sectlon have no relevance
channels as well as inverse-multiplexed discrete superchdf-the variables used in the Section 4.
nels, in translucent EONs [1]. Although VER is absolutely TNe following information are given in advance;
necessary to EON, VER placement and the applicable rout-e Network graphG = (V, E) which comprises a set of
ing between source-destination nodes are important factors nodesV = 1,2,...,N and a set of linksE € V x
to reduce the total number of VERS, from a viewpoint of in- V connecting nodes iv. Edge costs between two
stallation costs. Furthermore, routing and spectrum assign-  directly connected nodes.
ment in the transparent segment are also important prob-e An ordered set of frequency-slot units (FSUs)=
lems to dficient use spectrum resources in each link. {fy, fo,..., f,:l} for each link

In order to solve the VER placement, and routing and e Optical reach.
spectrum assignment (VER-PRSA) problem, this study e The total number of sub-regenerators in a VER
propose a VER placement method using Firefly Algorithm e Traffic demand seb = {d, d,,...,dp}

(FA) [3]. FA is one of nature-inspired multi-agent meta- ) _ _
heuristic algorithms and is a metaheuristic algorithm inEach demand s determined by a source noglea destina-

spired by the flashing behavior of fireflies. The primanyion nodeg, and the requested number of contiguous FSUs
purpose for a firefly’s flash is to act as a signal system tisg between source-destination node pajkj.

attract other fireflies, and the fireflies of FA search optimal The constraints are follows;

solution with moving toward other brighter fireflies. Be- e Regarding the optical path, the length of each trans-
cause the standard FA is suitable for continuous optimiza- parent segment does not exceed the optical reach
tions, we apply the binary real coded firefly algorithm (BR- e Regarding each transparent segment of the opti-
CFF) to solve VER placement problem. In the proposed cal path, FSUs allocated to the transparent segment
algorithm, each position vector of firefly correspondstore-  should be contiguous to each other, should be the
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same for each link on the transparent segment, anehererand is a random number generator uniformly dis-
should not overlap with those of other optical paths. tributed in [Q 1], andL is the scale of the probler¥max —

e All subchannels within the superchannel for the optixqmin|. The fireflyi is attracted to all the brighter fireflies by
cal path should be regenerated using the same VERrepeating Eqg. (1) if two or more brighter fireflies exist. The

: o , . brightest fireflyi moves randomly according to
Goal of this optimization is to find an optical path for g 4 y g

each demand under the constraints and to minimize the to- xi(t + 1) = xi(t) + (Ve (5)
tal number of VERs which the whole network needs.

5. Binary Real Coded Firefly Algorithm (BRCFF
3. Shortest-Path and Farthest Node (SP-FN) y yAg ( )

In order to select regeneration nodes in VER-PRSA
oblem, binary numbers 0 and 1 are used. In other words,

solve VER'PRS.’.A problem. 'T‘ SP-FN, the shortest pat ere are zero or more VERSs at a node taking the status 1,
calculated by Dijkstra method is always adopted as the OBhd there is no VERs at a node taking the status 0. Due to
tical path between source-destination node pair, and the [[E

.o e normal FA explained in Section 4 is a real-coded algo-
generation is performed at the farthest node on the p hm, we use a binary coded FF algorithm. The position
from the source node (or the previous regenerated no cto'rx- in Eq.(L) is represented by = (s, iz, - - - » Yio)

. . . . l . - 1Ls Yizds s Y1
within the ,:)p:'r? al rez(ajch_t. thrLe demancti ZeD IS bsortefd which takes a value of 0 or 1. The corresponding variation
according to the product ot th€ requested number of co f rij value varies between -1 to 1, which can be calculated
tiguous FSUsgy and the shortest distance between eal
node pair § k) in descending order. The required contigu-

SP-FN algorithm is a one of the simplest algorithms t(&r

ous FSUs are placed according to First-Fit algorithm. fijg = Yin = Yin- )
When the position of the firefly is updateg); can be cal-
4. Firefly Algorithm (FA) culated by
The FA is inspired by the flashing behavior of fireflies. Y = Yo By (1) - V) + e (7)

The M fireflies search the global optima with being at- ] ) )
tracted to other fireflies according to their attractivenes¥/here the third terne; is the random number generated in
The attractiveness is proportional to their brightness, ariflé range<1, 1), andy?'.d andy; takes avalue of O or 1. On
for any two fireflies, the less brighter one will be attractedh® other handy" varies between -2.180 to 4.3. To code
by the brighter one. However, the brightness can decrea¥eWe et a threshold leve. If yi# > th, thenyi, = 1. If -
as their distance increases. If there are no fireflies brightér < th. thenyi, = 0. In this study, the threshold level is
than a given firefly, it will move randomly. The brightnessmade by a sigmoid function

of a firefly is determined by the objective function. 1
Let x; = (X1, Xi2, - - , Xin) be the position vector for fire- fyr") = I - (8)
flyi(i=12-M). The initial positions of fireflies are + expeyi™)

generated at randoni(€ [Xmin, Xmax]™\)- o
The movement of a fireflyis attracted to another more 6. Application of BRCFF for VER placement

attractive fireflyj having better solution, is determined by ) ) ) ) ]
This section explains the algorithm of solving VER-

XMW = x4 B(x;(t) — X2 + a(b)ei, (1) PRSA problem by using BRCFF. BRCFF is used to de-
_ ~ termine candidates of regeneration nodes and optimizes the
where the second term of Eq. (1) is due to the attractiomumber of total VERs installed in whole network.

The attractivenessis determined by The proposed algorithm composed of the following
- steps.
B =Poe™, (2) (Stepl)Initialize each firefly positiory; = (Yi1, Yiz, - - -» ¥in)

wherego is the parameter, and an absorptionfGio@nty randomly in the range{1, 1]. N represents the dimension

determines the speed of the convergence. Thus, the attr@ESarch space and is equivalent to the number of nodes in

tiveness will vary with the distanag between fireflyi and the network. _ _
i: (Step2)Order demand sdD as is the case with SP-FN.

5 5 (Step3) Find optical paths for respective demands, install
rij = I = Xjll = /Zg_4 (Xin = Xjn)*. (3)  VERSs and place required contiguous FSUs, by using each
The third term ofAx; is randomization with(t) being the ~ firefly positiony;. _
randomization parameter which increases with time, ari®teP3-A)Findk path candidates for each demaiby K

€ = (a1, €2, - - , &n) is a vector of random numbers; shortest path routing algorithm (Yen'’s algorithm).
(Step3-B)Check whether a path of the candidates is usable.
€ = (rand — 0.5)L, (4) When the length of the transparent segment exceeds the
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Figure 1: Benchmark network models. (ax5 regular ladder network model. (b)>35 regular ladder network model.
(c) JP13 network model. (d) DE14 network model.

optical reach, it must be regenerated by VER. The regen-

eration is performed by the farthest node method, however; Table 1: Parameters that are used in simulations.

VERs can be installed at only nodasvherey, = 1. If X _Parameter Symbol \6a|2ue
all the transparent segment is regenerated before the length ;ttrjactlve_ness %eixrgmeter Po 1
exceeds the optical reach, the path is adopted as the path sorption codicient . Y

Maximum number of evaluations T 300

for the trdfic demandd. If not, check next shortest path.
Repeat the Step3-B until the reachable path is found. If all
k path candidates are rejected, the fitnEgg) of the firefly

| s set ago, and consider next firefly. equivalent to the number of network nodg¢snamely, 10,

Ei?é%ipegs:gzsggsgitdtreedsteps until all the demand of all the15, 13 or 14. In the same way, the number of dimensions

(Step4)Evaluate the fitness of each firefljpy of fireflies is equivalent to\.

f(y;) = #total VERS, (9) 7.2. Results

where #otal 'VERS$ denotes the total number of VERs. Figure 2 shows comparison results of SP-FN and the pro-
Therefore, this is a minimum optimization problem.posed method using BRCFF. The node occupancy rate de-
(Step5)Updatey; of each fireflyi by Eq. (7) and Eg. (8).  notes the percentage of the number of nodes where one or
(Step6)Return to the Step 3 and repeat these steps until thgore VERSs are installed. Regarding the three priorities,
generation step is terminated. the smaller values are better. We can see that on all the
(Step7) With respect to the best firefly needing the leasbptical reachL for all the network models, the proposed
number of VERs, place the required contiguous FSUs agethod needed less VERs than SP-FN. Furthermore, the
cording to First-Fit algorithm and calculate the higheshode occupancies of the proposed method are smaller than

FSU-index. SP-FN. From these results, we can conclude that the pro-
posed method carffectively place VERs.

7. Simulation Results On the other hand, the highest FSU-index of the pro-
posed methods is bigger than SP-FN. This is because the

7.1. Networks and Parameters cost function of BRCFF (Eq. (9)) considers only the total

er}umber of VERSs. If this function is modified to consider
four networks containing 2 5 and 3x 5 regular network not only the total number of VERs, but also the highest

models and real-world network models: Japan netwovr\ESU_mdeX’ we can expect to obtain better results with a

model JP13 and Germany network model DE14, as sho rg;\lance between the number of VERs and the highest FSU-
in Fig. 1. The tréic demand for each node pair was cho-mdex

sen uniformly from 100 Gfs , 200 Glss, 300 Giss and

400 Gbs. For each tic demand, we assumed the fol-8. Conclusions

lowing required number of 25-GHz width FSUs, and sub-

regenerators, expressed as a tuple as (108,81), (200 This study has been proposed a novel VER placement

Gby's,3,2), (300 Gts,4,3) and (400 Gb,5,4). We carry out method using BRCFF. BRCFF is used to optimize VER

30 simulations with dferent tréfic demand sets. placement problem and reduces the total number of VERSs.
The parameters of the proposed algorithm using BRCFFhe simulation results showed that the proposed method

are summarized in Table 1. The number of fireflldss can dfectively place VERs. Future works include the mod-

In order to evaluate the proposed FA-FN, we consid
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Figure 2: Comparison results of SP-FN and the proposed method in terms of the total number of VERS, the highest FSU-
index and the node occupancy rate on VER. (&) 2 regular ladder network model. (b)x35 regular ladder network
model. (c) JP13 network model. (d) DE14 network model.

ification of the fitness function, parameter tuning, patti2] M. Jinno, T. Takagi and K. Kiyokawa, “Minimal

planning and so on. Virtualized-Elastic-Regenerator Placement and Least
Congestion Resources Assignment for Translucent
Elastic Optical Networks,in Proc. of Optical Fiber
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