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Provision of Adaptive Guard Band in Elastic
Optical Networks
Neclyeux S. Monteiro1*, Alexandre C. Fontinele2, Divanilson R. Campelo2 and André Soares1

Abstract

Elastic optical networks are a network infrastructure capable of withstanding the high demand for data traffic
from high-speed networks. One of the problems that must be solved to ensure the smooth functioning of the
network is called Routing, Modulation Level and Spectrum Assignment (RMLSA). This work aims to propose a
new approach to this problem with an algorithm to select the guard band in a adaptive way. Two algorithms
for the adaptive selection of the guard band, called Guard Band according to Use of the Network (GBUN) and
Guard Band by OSNR Margin (GBOM), are presented. The GBUN algorithm performs the guard band
selection based on the usage level of network. On the other hand the GBOM algorithm uses an Optical Signal
to Noise Ratio (OSNR) margin for the selection of the guard band. The performances of the proposed
algorithms are compared with algorithms that use fixed guard band values and the adaptive proposal AGBA.
The results showed that the GBOM algorithm presented a better performance in terms of bandwidth blocking
probability for the studied scenarios.

Keywords: RMLSA; Adaptive; Guard Band; GBUM; GBOM

1 Introduction
Elastic Optical Networks (EONs), use light as a way
of transmitting data, achieving high transmission rates
with large amounts of data and low interference [1,
2]. Such networks support multiple connections on a
single optical fiber.
The use of the Orthogonal Frequency Division Multi-

plexing (OFDM) technology allows EONs to divide the
optical spectrum into small frequency ranges, called
slots. In this way, it is possible to attend the requests as
different bandwidths, significantly improving the spec-
tral efficiency of the optical layer [3].
In order to establish an optical circuit between two

nodes in an OFDM optical network, a set of problems
must be solved. One of these is the problem of Routing,
Modulation Mevel and Spectrum Assignment, or an
RMLSA problem for short [4]. The RMLSA problem
consists of three steps: i) define a route for a pair of
source and destination nodes; ii) select an appropriate
modulation format for that route, and iii) choose a free
spectrum range along the defined route to allocate the
circuit.
In transparent elastic networks, data are transmitted

from source to destination nodes as an optical signal;
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there is no conversion from the optical to the electronic
domain in the nodes. When considering the imperfec-
tions of the physical layer (Impairment Aware - IA),
the circuits suffer degradations in the optical signal as
they propagate from source to destination. These im-
perfections along the network can degrade the optical
signal to such an extent that the Bit Error Rate (BER)
becomes intolerable at the receiver node, making com-
munication impossible [5].
In elastic optical networks, one or more free slots

are used between the active circuits in order to re-
duce any interference between them. These free slots
between the circuits are called Guard Bands (GB) [3].
The number of slots that will be used in the guard band
affects the use of spectral resources directly. The larger
the guard band, the better the Quality of Transmis-
sion (QoT) of circuits will be; however this increases
the blocking probability due to the lack of spectral re-
sources in the network. On the other hand, the smaller
the guard band is, worse the QoT will be and this will
reduce the blocking probability due to the lack of spec-
tral resources in the network [6].
This article presents an extension of the work pre-

sented in [7] were the algorithm called Guard Band
according to Use of the Network (GBUN) was first
presented. This algorithm takes into account the state
of spectrum usage of the network to determine the
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guard band to be used for the establishment of a given
circuit. Furthermore, this extended work also includes
a new proposal, called Guard Band by OSNR Mar-
gin (GBOM), which uses an OSNR (Optical Signal to
Noise Ratio) margin to determine the guard band that
will be used by the new circuit.

An evaluation is presented comparing the proposals
with fixed values found in the literature for the guard
band and the adaptive proposal presented in [8]. The
results show that selecting the guard band in an adap-
tive way is more efficient to reduce the probability of
general blocking of the network. The scenarios evalu-
ated and results presented are innovative in compari-
son to what was presented in [7].

The remaining sections of this article are organized
as follows. In the Section 2 the elastic optical network
architecture is presented and the physical layer model
adopted in this work is described. Section 3 presents
the RMLSA problem and the guard band configuration
problem and discusses related work. The proposed al-
gorithms are presented in Section 4. Section 5 presents
the performance evaluation of the proposals. Finally,
the conclusions of the work are highlighted in Section
6.

2 Elastic Optical Network Architecture
and Physical Layer Model

The incorporation of OFDM technology in optical net-
works has allowed the emergence of a new type of opti-
cal transport network called an elastic optical network,
as proposed in [9]. OFDM technology allows the opti-
cal spectrum to be divided into fine granularity, also
called frequency slots. In an optical network, optical
circuits have to be established for clients (nodes) to
communicate with each other. In elastic optical net-
works, optical circuits are made up of one or more fre-
quency slots. The number of frequency slots depends
on the bandwidth required for each optical circuit. Fig-
ure 1 presents an example of dividing the optical spec-
trum into frequency slots.

In Figure 1, white slots represent free slots and color
slots represent circuit-occupied slots. The free slots
between the slots occupied by circuits represent the
guard bands. Guard bands are used to reduce inter-
ference between adjacent circuits [10]. Also illustrated
in Figure 1 is the allocation of four circuits with dis-
tinct bandwidths. Frequency slot allocation is adjusted
to meet the required bandwidth. For example, the c1
circuit allocates only one frequency slot, while the c4
circuit allocates five frequency slots.

To guarantee flexibility in the use of the optical
spectrum, elastic optical networks use two technolo-
gies: Bandwidth Variable Transponders (BVT) and
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Figure 1 Example of dividing the optical spectrum into
frequency slots.

Bandwidth Variable Wavelength Cross-Connects(BV-
WXC). BVTs ensure flexibility in the use of spectral
resources for the transmission and reception of data
at source and destination nodes. BVTs are used to
adjust the bandwidth according to the transmission
bit rate or modulation format adopted. BV-WXCs en-
able optical switching of circuits using dynamically ad-
justed spectrum width circuits [3]. Figure 2 illustrates
the setup of BVTs, BV-WXCs, amplifiers, and optical
fibers in an elastic optical network.

BVT Client

BV-WXC

Optical fiber

Amplifier

Figure 2 Elastic Optical Network Architecture.

As can be seen in Figure 2, the BVTs are located at
the elastic network border nodes, allowing the trans-
mission and reception of client data. After the process
of admitting a request, the optical circuit is established
from a BVT on the origin node. This circuit transpar-
ently traverses the BV-WXC at the intermediate nodes
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(transient signals), and ends at a BVT at the destina-
tion node.
The attenuation of the signal is greater the longer

the distance it travels. Therefore there is a need to
amplify the optical signal so that it can be detected
at the destination. Amplifiers are used to compensate
for optical signal power losses inserted by BV-WXCs.
Optical amplification is usually performed by Erbium
Doped Fiber Amplifiers (EDFA). At the time of am-
plification, these EDFAs introduce noise due to the
Amplified Spontaneous Emission (ASE) [11].
In addition, noise generated by Nonlinear Impair-

ments (NLIs) still occurs when the signal propagates
through the fibers. Nonlinear effects include [11]: Self-
Phase Modulation (SPM), Cross-Phase Modulation
(XPM) and Four-Wave Mixing (FWM) [11].
In this work, we adopted the physical layer model

presented in [12] and [13] to measure the impacts of
ASE and NLIs on the Optical Signal to Noise Ratio
(OSNR). The model assumes polarization-multiplexed
multi-symbol modulation formats with coherent detec-
tion and dispersion compensation performed by digital
signal processing in the electric domain on the receiver
side. The OSNR calculation for a i circuit using a ri
route is expressed by:

OSNRi =
I

IASE + INLI

. (1)

The I variable is the signal Power Spectral Density
(PSD), I = PTX/∆f , where PTX is signal power and
∆f is the bandwidth of the circuit. The PSD of the
ASE noise is given by:

IASE =
∑

l∈ri

NlI
0

ASE , (2)

where Nl is the number of link spans l and I0ASE =
(GAMP − 1)Fhv. The variable F is Noise Figure (NF)
of the amplifier [5], h is Planck’s constant, v is the
frequency of light and GAMP is the gain of the optical
amplifier. The PSD of NLI is given by:

INLI =
∑

l∈ri

NlI
l
NLI , (3)

where I lNLI , the PSD of NLI noise in a single span
of link l, is expressed by the Equation 4 [10]:

I lNLI = ̺



ǫ+
∑

j

ln





(

∆fij +
Bj

2

)

(

∆fij −
Bj

2

)







 , (4)

̺ =
3γ2I3

2πα|β2|
, (5)

ǫ = arcsinh

(

π2|β2|

2α
B2

i

)

, (6)

where j is another circuit using link 1, Bi and Bj
are, respectively, the bandwidths for circuits i and j,
∆fij is the center frequency spacing between the i and
j circuits, γ is the nonlinear fiber coefficient, β2 is the
fiber dispersion parameter and α is the power attenu-
ation caused by the fiber.
For this work, the OSNR is used as the QoT crite-

rion. If the OSNR value reached by the circuit is not
above or equal to a pre-established OSNR threshold,
then the circuit establishment may be blocked due to
the absence of QoT. A QoT block can happen in two
ways: i) inadequate QoT for the New circuit (QoTN)
or ii) inadequate QoT for one or more circuits already
active in the network (QoTO). QoTN is the blockage
suffered if a new circuit does not reach adequate QoT
levels. Even if a new circuit meets this requirement, it
may still be blocked if the establishment of the new
circuit affects the QoT of already established circuits,
thus causing QoTO [14].

3 RMLSA and the Guard Band Selection
Problem

To make better use of spectral resources of networks,
the RMLSA problem must be solved. In the first step
of the problem it is necessary to select a route between
the source and destination nodes. Figure 3, presents an
example topology and illustrates the routing problem
with source at node 1 and destination at node 4.

1 4

6 5

2 3Source Destination

Figure 3 Routing problem between nodes 1 and 4.

Figure 3 shows that for a request originating at node
1 and destination at node 4, there are 4 possible routes.
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These routes are: 1-2-3-4; 1-2-5-4; 1-6-5-4 and 1-6-5-2-
3-4. The choice between them depends of the routing
policy adopted.

After the routing stage, the next step of the problem
is to choose the modulation format. The modulation
format chosen together with the required bandwidth
determines how many slots are needed to meet the re-
quest. Figure 4 shows some examples of modulation
formats used by optical networks. Figure 4 indicates
that the higher the spectral efficiency of the modula-
tion is, the smaller the optical is.

BPSK

8QAM

16QAM

32QAM

Reach (km)

S
p
e
ct
ra
l
E
ff
ic
ie
n
cy Modulations

Figure 4 Example of modulations used by elastic optical
networks.

The modulations that have a higher spectral effi-
ciency (like 32QAM), tend to suffer more noise from
the physical layer; therefore, they have a lower spec-
tral range. Consequently, the choice of the modulation
format is related to the size of the chosen route. In
this way, less spectrally efficient modulations are more
adequate because they have a larger optical range (like
BPSK) [15].

In the third and last part of the problem, it is nec-
essary to choose a spectrum-free range to allocate the
optical circuit. At this point, it is necessary to attend
the restrictions of continuity and contiguity in order
to establish the circuit. Figure 5 demonstrates the re-
strictions associated with spectral allocation.

In the continuity restriction, in order to avoid con-
verting the optical signal from the optical domain to
the electronic domain, it is necessary to keep the op-
tical signal in the same spectral range in all the links
between the source and destination nodes of the re-
quest. Therefore, the same range of the chosen slots
set to allocate the request must be available in all the
links of the chosen route. Figure 5 shows that it is
possible to allocate a request that requires 2 slots (Re-
quest (b)) because the same spectrum range is free in
all links of the route.
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Figure 5 Continuity and contiguity restrictions.

The contiguity restriction requires that the slots re-
served for the establishment of the circuit are adjacent
in the optical spectrum. In the contiguity constraint,
for requests that require 2 or more slots, they must be
allocated adjacent. In Figure 5 there is a request that
requires 3 slots (Request (a)) that cannot be attended
because it does not contain 3 free and adjacent slots.
As circuits are established and disconnected, free

gaps appear in the spectrum, thus increasing the prob-
ability that continuity and contiguity constraints will
not be respected. As a result, some requests will not be
attended even if there are sufficient slots, causing Frag-
mentation (Frag) blocking. When the network does not
have enough slots to attend the request, Absence of
Free Spectrum (AFS) blocks it.
As previously reported, in elastic optical networks

the guard band is used to reduce interference between
the active and adjacent circuits in the optical spec-
trum. When searching for free slots to allocate the
circuit, respecting the continuity and contiguity re-
strictions, the RMLSA algorithm must also respect the
guard band between the circuits.
Care should be taken in choosing the number of slots

to be used as a guard band. Figure 6 shows the behav-
ior of the bandwidth blocking probability as a function
of the fixed number of slots selected to be used as the
guard band. The scenarios used in the study presented
in Figure 6 are detailed in Section 5.
As can be seen in Figure 6, as the guard band in-

creases, the probability of blocking due to the Qual-
ity of Transmission of Other circuits already active
in the network (QoTO) decreases. These blocks of
QoTO-type circuit requests are connected to interfer-
ence between the circuits. In contrast, the Fragmen-
tation, AFS and QoTN blocking components tend to
increase due to a lack of network spectral resources.
Looking at Figure 6(a), considering a load of 400 Er-

langs, the 5-slot guard band presented a lower prob-
ability of blocking for the Cost239 topology. In the
NSFNet topology, with a 200 Erlangs load, a lower
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Figure 6 Bandwidth blocking probability as a function of the
guard band for (a) Cost239 and (b) NSFNet topologies.

blocking probability was obtained using a fixed guard
band of 4 slots, as shown in Figure 6(b).
An insufficient guard band can prevent an optical

circuit from reaching its destination due to the noise
caused by the physical layer. However, an excessive as-
signment of the guard band may cause blockages due to
spectral insufficiency. Therefore, optimizing the choice
of the guard band is an important factor in planning
elastic optical networks.
Some works found in the literature [16, 8, 6] inves-

tigated the problem of adapting the guard band to
perform a balance between blocking due to a lack of
spectral resources and blocking due to the quality of
the transmission.
The authors [16] performed a blocking probability

study using singlepath and multipath routing. The au-
thors also studied how different guard band sizes af-
fected the performance of the routing algorithm. As in
[16] there is no way to calculate the quality of trans-
mission of the circuits and neither the interference be-
tween them, and a larger guard band leads to a higher
blocking probability. Because of this, all blockages are
generated by a lack of spectral resources.
In [8] an adaptive guard band selection algorithm

called Adaptive Guard Band Assignment (AGBA) was

proposed. The intention of the AGBA algorithm is to
avoid over-assigning the guard band and thus achieve a
more efficient use of the optical spectrum. AGBA uses
only two possible values for guard band assignment:
1 and 2 slots. These values are assigned according to
the number of links of the chosen route. If the route
chosen for a particular circuit has 4 or less links, the
assigned guard band will equal to 1 slot. Otherwise,
the guard band will be equal to 2 slots.
In [6] the authors conducted a study to identify the

optimal guard band size to be fixed in order to reduce
the impacts caused by non-linear effects. The authors
presented a study similar to the one presented in Fig-
ure 6. As the guard band increases, the QoT blockage
decreases rapidly. However, the blockage due to the
lack of available spectral resources increases. In this
study, the authors identified that total network block-
ing is minimized with a 7 GHz or 8 GHz guard band.

4 Proposed Algorithms
In this section, the two proposals of this work for the
adaptive guard band selection are presented. The first
proposal is based on the level of network spectrum uti-
lization at the time of a circuit request. The algorithm
is called Guard Band according to Use of the Network
(GBUN). Figure 7 shows the application flowchart of
the GBUN algorithm by the control plane to establish
a circuit.

Arrival of a request

GBUN algorithm application

RMLSA algorithm application

Is it possible to establish
the requested circuit ?

Blocks the request and counts the block 
for the appropriate componentEstablishes the circuit

YES NO

Figure 7 Flowchart of GBUN algorithm application.

It is worth noting that the control plane comprises a
set of protocols responsible for the dynamic provision-
ing of circuits [17]. In the case of this work the control
plane is responsible for applying the routing, modula-
tion selection and spectrum assignment algorithms. It
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also stores information about the network architecture
and its current state.
Figure 7 shows that the GBUN algorithm is applied

immediately after the arrival of a circuit request. After
the GBUN algorithm defines the guard band, the con-
trol plan applies the RMLSA algorithm selected by the
network operator. Then, the control plan checks if it is
possible to establish the new requested circuit. If it is
not possible to establish the new circuit, the blocking
is identified and accounted for by one of the blocking
components already mentioned (Fragmentation, AFS,
QoTN or QoTO). If it is possible to establish the new
circuit, the control plan allocates the resources defined
by the RMLSA algorithm.
Experiments were conducted with values for the

guard band ranging from 0 (zero) slots to 8 slots. The
experimental results showed that the guard band with
8 slots generated a higher blocking probability com-
pared to the blocking probability generated by other
guard bands (like 4 slots) for average loads (Like, 200
or 250 Erlangs) and high loads (Like, 350 or 400 Er-
langs). These results can be seen in Figure 6. However,
when the guard band with 8 slots is used for low loads
(like, 50 or 100 Erlangs) the blocking probability tends
to be lower than the blocking probability generated by
the guard band with 1 slot.
Due to this behavior, the GBUN algorithm aims to

select a lower guard band value when the network is
in high demand and a higher guard band value when
the network is low demand. The spectral usage of a
network link is calculated as follows:

Spectral usage =
Number of used slots

Total slots of the link
. (7)

Therefore, network spectrum usage is defined by the
sum of the spectral usage of all links divided by the
number of links in the network. Figure 8 shows the
spectrum usage values as a function of the network
load for Cost239 and NSFNet topologies (Figure 10),
considering the guard band equal to 8 slots which was
the guard band value that maximized the network us-
age.
Observing the load point of 400 Erlangs in Fig-

ure 8, the maximum usage achieved in Cost239 and
NSFNet topologies were 39% and 54%, respectively.
These maximum usage values were adjusted and di-
vided by 7 to find the interval and increment for pos-
sible 8 guard band values. The guard band with value
equal to 0 (zero) slots presented the worst performance
in terms of blocking probability and is not considered
by the GBUN algorithm. Table 1 presents the selection
of the guard bands according to the spectrum usage for
the Cost239 and NSFNet topologies.
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Figure 8 Spectrum utilization in Cost239 and NFSNet
topologies.

Table 1 Selection of the guard bands according to the spectrum
usage values (EspUti) of the network for Cost239 and NSFNet
topologies.

Cost239 NSFNet
GB = 1 EspUti ≥ 0.35 EspUti ≥ 0.49
GB = 2 0.35 > EspUti ≥ 0.30 0.49 > EspUti ≥ 0.42
GB = 3 0.30 > EspUti ≥ 0.25 0.42 > EspUti ≥ 0.35
GB = 4 0.25 > EspUti ≥ 0.20 0.35 > EspUti ≥ 0.28
GB = 5 0.20 > EspUti ≥ 0.15 0.28 > EspUti ≥ 0.21
GB = 6 0.15 > EspUti ≥ 0.10 0.21 > EspUti ≥ 0.14
GB = 7 0.10 > EspUti ≥ 0.05 0.14 > EspUti ≥ 0.07
GB = 8 EspUti < 0.05 EspUti < 0.07

The first step of the GBUN algorithm, when it is
running, is to measure the usage of the network. With
this information, the GBUN algorithm selects the ap-
propriate guard band following Table 1. For example, if
the spectrum usage measured by the GBUN algorithm
in the Cost239 topology is equal to 0.19 at the time
of arrival of a given circuit request, then, the selected
guard band will be equal to 5 slots.
The other proposed guard band selection algorithm

is the Guard Band by OSNR Margin (GBOM). Al-
gorithm 1 presents the steps of GBOM. As input,
GBOM has circuit information (circuit), a modulation
format (modulation), a set of possible guard bands
(guardBands) and a desired OSNR margin (σ). The
GBOM algorithm tests the possible guard bands in as-
cending order (line 3). For each selected guard band
(gb), GBOM applies the selected spectrum assignment
algorithm considering the circuit information and the
modulation format (line 4). If it is possible to allo-
cate spectrum, the algorithm computes the QoT of
the circuit (line 6). The physical layer model already
presented is applied to determine the QoT of the cir-
cuit. If QoT is acceptable, the ∆OSNR is calculated
(line 8). The OSNRthreshold is the OSNR threshold of
the modulation format. The guard band that reaches
the ∆OSNR value greater than or equal to the desired
OSNR margin is the guard band chosen to be used for
the establishment of the new circuit.
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Algorithm 1 Guard Band by OSNR Margin (GBOM)

1: procedure GBOM(circuit,modulation, guardBands, σ)
2: gbchosen ← null
3: for all gb ∈ guardBands do
4: band← spectrumAssignment(circuit,modulation, gb)
5: if band 6= null then
6: QoT ← computesQoT(circuit)
7: if QoT = true then
8: ∆OSNR← OSNRcircuit −OSNRthreshold

9: if ∆OSNR ≥ σ then
10: gbchosen ← gb
11: break
12: end if
13: end if
14: end if
15: end for
16: return gbchosen
17: end procedure

The GBOM algorithm is not applied before the
RMLSA algorithm. The GBOM algorithm is applied
in conjunction with the modulation format selection
algorithm. When the modulation format selection al-
gorithm is testing the modulations, the GBOM algo-
rithm select the guard band. That is, for each modu-
lation that is tested, the GBOM algorithm is applied
to select the most appropriate guard band.
Experiments were conducted to select the value of σ

that minimizes the total blockage of the network. The
sigma value was varied from 0.0 to 0.50 using steps of
0.05. Figure 9 shows the bandwidth blocking probabil-
ity obtained with each of the values of sigma for both
topologies.
The result for σ equal to 0.0 was removed from Fig-

ure 9 due to the high blockage, and this enabled the
other results to be seen more clearly. As seen in Fig-
ure 9, the blockage was minimized when the value of
σ was equal to 0.10, for both scenarios studied. The
confidence interval is overlain with other values of σ,
meaning that there is no significant difference between
them. Consequently, the results presented in Section 5
for the GBOM algorithm used this value cited above
(σ = 0.10).
The algorithm to solve the RMLSA problem adopted

in this work was the Complete Sharing algorithm
[18]. The Complete Sharing algorithm is an integrated
RMLSA algorithm that has been proposed to deal with
spectrum fragmentation. It uses routing with k candi-
date routes and selects the route that makes it possible
to allocate the slot range nearest to the beginning of
the spectrum. The Complete Sharing algorithm uses
the First Fit for spectrum assignment. The modula-
tion format selection algorithm by QoT is used [14].

5 Performance Evaluation
The proposed algorithms GBUN and GBOM were
compared with the adaptive algorithm AGBA [8] as
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Figure 9 Study of variation of the σ for the topologies (a)
Cost239 and (b) NSFNet.

well as with three fixed values for guard band found
in the literature, which are: 0, 1 and 2 slots. GB =
0 corresponds to an attempt to use as much of the
optical spectrum as possible. GB = 1 and GB = 2
are commonly used guard band values in the litera-
ture. The Complete Sharing algorithm was used to
solve the RMLSA problem with k equal to 3. As a
form of evaluation, the bandwidth blocking probability
metrics were considered and the bandwidth blocking
probability components were also analyzed. The com-
ponents evaluated were: Fragmentation, QoTN (unac-
ceptable QoT for a New circuit), QoTO (unacceptable
QoT for Other circuits already active in the network)
and AFS (Absence of Free Spectrum).
The simulations were performed using the SNetS

simulator (SLICE Network Simulator) [14]. Each sim-
ulation generated 100.000 requests for optical circuits
with seven granularity levels: 100, 150, 200, 250, 300,
350 and 400 Gbps, with the proportions 7:6:5:4:3:2:1,
respectively. The generation of requests follows the
Poisson distribution with the traffic load evenly dis-
tributed among all the source and destination node.
For each simulation ten replications were performed
with different seeds of random variable generation. All
results have a 95 percent confidence level. NSFNet
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(National Science Foundation Network) and Cost239
topologies were evaluated, as shown in Figure 10, for
the simulations of two different scenarios [19].
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Figure 10 Topologies used: (a) Cost239 and (b) NSFNet

The modulation formats considered in this study
were BPSK, 4QAM, 8QAM, 16QAM and 32QAM and
their respective OSNR thresholds were 5.5 dB, 8.5 dB,
12.5 dB, 15.1 dB and 18.1 dB [20]. All links in the net-
work are bi-directional and have spectrum bandwidth
divided into 320 frequency slots. A frequency slot has
a bandwidth of 12.5 GHz. The amplifier gains are ad-
justed to compensate for device and fiber losses. Other
parameters used in the simulations are listed in Table
2.

Table 2 Physical layer parameters used in simulations.

Description Value
Signal power spectral density -23 dBm/GHz

Power attenuation (α) 0.2 dB/km
Fiber dispersion (D) 16 ps/(nm·km)

Fiber non linearity coefficient (γ) 1.3 (Wkm)−1

Length of each span (Ls) 80 km
Noise figure of the amplifier (NF ) 5 dB

Figure 11 shows the bandwidth blocking probabil-
ity obtained by AGBA, GBUN, GBOM and for fixed
guard band values as a function of a network load for
Cost239 and NSFNet topologies.
As seen in Figure 11, the algorithm GBOM obtained

a lower bandwidth blocking probability for both sce-
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Figure 11 Bandwidth blocking probability for (a) Cost239
and (b) NSFNet topologies.

narios studied, considering all load points. Consider-
ing the 750 Erlangs load in the Cost239 topology, the
algorithm GBOM presented a lower blocking probabil-
ity of approximately 97.96%, 97.21%, 96.21%, 96.09%
and 95.81% in relation to GB = 0, GB = 1, GB =
2, AGBA and GBUN, respectively. Considering the
400 Erlangs load in NSFNet topology, the algorithm
GBOM showed a gain over the blocking probability
of approximately 84.77%, 78.55%, 68.52% and 64.50%
over GB = 0, GB = 1, GB = 2, AGBA and GBUN,
respectively.
Tables 3 and 4 show the bandwidth blocking proba-

bility components obtained with the AGBA, GBUN
and GBOM adaptive algorithms as well as for the
fixed guard band values with a load of 750 Erlangs for
the Cost239 topology and 400 Erlangs for the NSFNet
topology.

Table 3 Components of bandwidth blocking probability for
Cost239 topology with a 750 Erlangs load.

Fragmentation QoTN QoTO AEL
GB = 0 0% 0% 100% 0%
GB = 1 0% 0% 100% 0%
GB = 2 0% 0% 100% 0%
AGBA 0% 0% 100% 0%
GBUN 0% 0% 100% 0%
GBOM 1.01% 0% 98.99% 0%
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Table 4 Components of bandwidth blocking probability for
NSFNet topology with a 400 Erlangs load.

Fragmentation QoTN QoTO AEL
GB = 0 0% 0% 100% 0%
GB = 1 0% 0% 100% 0%
GB = 2 0.32% 0% 99.66% 0.02%
AGBA 0.26% 0% 99.73% 0%
GBUN 0.71% 0% 99.25% 0.03%
GBOM 1.85% 0.55% 97.60% 0%

Tables 3 and 4 show that the QoTO component had
the most impact on the overall blocking for all algo-
rithms in both topologies. The use of the Complete
Sharing algorithm contributes to the reduction of the
blockages generated by the Fragmentation, AFS and
QoTN components.
The GBUN had a better performance in relation to

the fixed guard band values and the AGBA for most
of the studied loads. This better performance of the
GBUN algorithm is associated with its aim to use
larger guard bands. This choice is based on the level
of network usage, which indicates whether there are
more or less slots available to increase or decrease the
size of the guard band.
The better performance of the GBOM in relation to

the GBUN algorithm as well the other algorithms is
also associated with the use of larger guard bands. The
GBOM algorithm uses the same set of guard bands as
GBUN. The main difference is that the GBOM algo-
rithm uses more specific information from the circuits
when selecting the appropriate guard bands.

6 Conclusion
This article proposes two algorithms for adaptive
guard band selection. The first algorithm, called
GBUN, performs the selection of the guard band based
on the state of spectrum use in the elastic optical net-
works. The choice of the guard band is made when the
control plan receives a request to establish a circuit.
The second algorithm, called GBOM, selects the guard
band according to an OSNR margin. The GBOM al-
gorithm is applied in conjunction with the modulation
format selection algorithm. The objective of the pro-
posed algorithms is to enable a better performance of
the RMLSA algorithms with a guard band that adjusts
to the current state of the network and thus reduce the
probability of general blocking.
A performance evaluation was carried out compar-

ing the GBUN and GBOM algorithms with fixed guard
band values commonly used in the literature and with
the adaptive proposal AGBA. This evaluation was con-
ducted using the Cost239 and NSFNet topologies.
The results of the performance evaluation study

showed that the GBOM algorithm achieved the best
bandwidth blocking probabilities compared to the

AGBA algorithm, the use of fixed guard band and the
GBUN proposal in both topologies. The GBOM algo-
rithms achieves a reduction in the bandwidth blocking
probability of at least 95.81% and 64.50% over GBUN,
that achieved the second best performance, in Cost239
and NSFNet topologies, respectively.
As a future work we intend to evaluate the perfor-

mance of the proposals with other RMLSA algorithms.
We will also see how much an adaptive guard band
selection improves the performance of physical layer
aware RMLSA algorithms.

Abreviations

EONs: Elastic Optical Networks

OFDM: Orthogonal Frequency Division Multiplexing

RMLSA: Routing, Modulation Level and Spectrum Assignment

IA: Impairment Aware

BER: Bit Error Rate

GB: Guard Band

QoT: Quality of Transmission

GBUN: Guard Band according to Use of the Network

GBOM: Guard Band by OSNR Margin

OSNR: Optical Signal to Noise Ratio

BVT: Bandwidth Variable Transponders

BV-WXC: Bandwidth Variable Wavelength Cross-Connects

EDFA: Erbium Doped Fiber Amplifiers

ASE: Amplified Spontaneous Emission

NLIs: Nonlinear Impairments

SPM: Self-Phase Modulation

XPM: Cross-Phase Modulation

FWM: Four-Wave Mixing

PSD: Power Spectral Density

NF: Noise Figure

QoTN: inadequate QoT for the New circuit

QoTO: inadequate QoT for Others circuits already active in the network

QAM: Quadrature Amplitude Modulation

BPSK: Binary Phase Shift Keying

Frag: Fragmentation

AFS: Absence of Free Spectrum

AGBA: Adaptive Guard Band Assignment

NSFNet: National Science Foundation Network

EspUti: Spectrum Utilization/Usage

Availability of data and materials

All the results obtained including information about how to replicate them

in the simulator used can be found in this link: GitHub Repository

Competing interests

The authors declare that they have no competing interests.

Author’s contributions

The authors NSM and ACF proposed and implemented the GBUM and

GBOM algorithms respectively. The writing and review of the work was

done equally by all authors. All authors read and approved the final

manuscript.

Acknowledgements

The authors would like to thank the Computer Department of Federal
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Figures

Figure 1

Example of dividing the optical spectrum into frequency slots.



Figure 2

Elastic Optical Network Architecture.



Figure 3

Routing problem between nodes 1 and 4.

Figure 4

Example of modulations used by elastic optical networks.



Figure 5

Continuity and contiguity restrictions.



Figure 6

Bandwidth blocking probability as a function of the guard band for (a) Cost239 and (b) NSFNet
topologies.



Figure 7

Flowchart of GBUN algorithm application.



Figure 8

Spectrum utilization in Cost239 and NFSNet topologies.



Figure 9

Study of variation of the σ for the topologies (a) Cost239 and (b) NSFNet.



Figure 10

Topologies used: (a) Cost239 and (b) NSFNet



Figure 11

Bandwidth blocking probability for (a) Cost239 and (b) NSFNet topologies.
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