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ABSTRACT
We discuss the basic algorithmic issues in
planning and operating flexible optical networks,
highlighting the challenges and differences from
fixed-grid WDM networks. We also overview
commercially available planning and operation
tools, which (expectedly) lack support for flexible
optical networks at the moment, as flexible technologies are not yet deployed in real networks. To
fill this need we present the Mantis tool. Mantis’
modular architecture provides fast running times,
efficient and fault-tolerant usage of computation
resources, and execution as both a desktop application and a cloud software-as-a-service.

INTRODUCTION
The continuous growth of consumers’ IP traffic,
fed by the generalization of broadband access
(through digital subscriber line and fiber to the
home) and the emerging rich-content high-rate
and bursty applications, such as video on demand,
HDTV, and cloud computing, can only be met
with the abundant capacity provided by optical
transport networks. For the future, it is expected
that the traffic will not only increase in volume
(traffic increase of 34 percent on average per year
[1]) but will also exhibit high burstiness, resulting
in large variations over time and direction.
Recent research efforts on optical networks
have focused on architectures that support variable spectrum connections as a way to increase
spectral efficiency and reduce costs. Flexible (or
elastic) optical networks appear as a promising
technology for meeting the requirements of next
generation networks that will span across both
the core and metro segments, and potentially
also across the access, all the way to the end
user. A flexible network is based on the flex-grid
technology, which migrates from the fixed 100 or
50 GHz grid that traditional (dense) wavelengthdivision multiplexing, (D)WDM, networks utilize
[2]. Flex-grid has granularity of 12.5 GHz, standardized by the International Telecommunication Union (ITU, G.694.1), and can combine the
spectrum units, referred to as slots, to create
wider channels on an as needed basis. Flexible
networks [3] are built using bandwidth variable
optical switches that are configured to create
optical paths of sufficient spectrum slots. We
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refer to such a connection as a flexpath, a variation of the word lightpath used in standard WDM
networks. Bandwidth variable switches operate
in a transparent manner for transit (bypassing)
traffic that is switched while remaining in the
optical domain.
Flexible networks in addition to flex-grid
switches assume the use of bandwidth variable
transponders (BVTs) [3]. Various BVT implementations exist [4], employing single- or multicarrier transmission schemes, and usually having
some sort of digital signal processing (DSP)
capabilities at the receiver but also at the transmitter side. Several transmission parameters can
be controlled in a BVT, including the baud rate
(symbols processed per second), the modulation
format (number of bits encoded per symbol), the
forward error correction (FEC) used, the spectrum slots employed, and the useful bit rate.
Since transmission parameters are controllable,
the term software defined optics has also recently
been used, implying that optical networks, which
currently rely on the slowly changing circuit
switching paradigm, become more dynamic.
Deciding the transmission parameters is quite
complicated since physical layer impairments
(PLIs) such as noise, dispersion, interference,
and nonlinear effects accumulate and deteriorate the quality of transmission (QoT) of the
flexpaths. In particular, the QoT of a flexpath
depends on its BVT transmission parameters,
the guardband used from its spectrum-adjacent
flexpaths, and their transmission parameters.
Flexible networks built out of flex-grid switches and BVTs create flexpaths with as many spectrum slots as actually needed; thus, the huge but
still limited optical bandwidth is allocated in an
efficient manner. In addition, thanks to their
adaptability, flexible networks enable the dynamic sharing of the network resources, thus constituting a fine-grained cost- and power-efficient
network able to carry traffic that may vary in
time, direction, and magnitude. Network equipment vendors and operators are already looking
into this technology [3, 5]. A key enabler for the
introduction of flexible technology will be the
creation of network planning and operation tools
that will control such networks, evaluate the
benefits, and enable the adaptation of the candidate technology in real systems. Figure 1 presents an example of a flexible network that is
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Figure 1. A flexible optical network, consisting of bandwidth variable optical switches (BV-OXCs) and
transponders (BVTs), that is controlled by an optical network planning and operation tool.

controlled by such a centralized network planning and operation tool.
Network planning is an important operation
for all kinds of networks, and particularly for the
optical networks constituting the core that interconnects all other networks together. The multiple degrees of freedom present in flexible
networks, the adaptability of the BVT, and the
interdependence between the transmission
parameters and the physical layer make connection establishment more complicated than in
fixed-grid WDM networks. Moreover, the adaptability of flexible networks brings the optical
layer closer to the IP layer, enabling a crosslayer consideration of the two layers.
The emergence of flexible networks and new
application methodologies (clouds, software as a
service — SaaS, social by design) require not
simply the extension of existing network planning tools, currently available from several major
players, but the implementation of new ones. In
this article, we describe the basic algorithmic
challenges that a network planning and operational tool for flexible optical networks should
address and present a related such tool, called
Mantis, that contains a rich library of algorithms.
Mantis was designed and implemented so as to
accommodate both desktop and cloud execution.

ALGORITHMIC ISSUES IN
FLEXIBLE OPTICAL NETWORKS
We can broadly separate a network’s life cycle in
two phases. The planning phase typically occurs
before a network is deployed, and focuses on how
to better accommodate the current and foreseen
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network traffic. Greenfield planning refers to the
case where the network, including its physical
topology, is designed from scratch, and can be
very demanding, since many costs, such as the cost
of digging ducts to lay the fiber cables, and the
cost of the fibers, amplifiers, switches, transponders, and regenerators to be installed, have to be
accounted for. More common in optical transport
networks is to plan the network assuming that the
fibers are already installed, which is the reality for
tier 1 and tier 2 operators. In this case the topology is given, and the purpose is to decide the equipment (transponders, regenerators, and switches) to
be purchased and where/how to deploy it. The
objective is to minimize the equipment cost and
the resources used for serving the given traffic
(saving resources for future use or, in case of
infrastructure leasing, for cost minimization).
After the network is deployed we pass to the
network operation phase. In this phase capacity
demands are generally processed one or a set at a
time (e.g., a network operator can provision once
per quarter or per year), and the traffic is accommodated using the equipment already deployed in
the network or, when necessary, some additional
equipment (e.g. transponders/regenerators) that is
deployed. Therefore, the operation process must
take into account any constraints posed by the
current state of the network.
In the following we highlight the challenges
and differences in planning and operating flexible and fixed-grid WDM networks from an algorithmic perspective, focusing on three topics:
• Accounting for physical layer impairments
• Routing, spectrum allocation, and choice of
modulation format
• Dynamic network operation
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ACCOUNTING FOR
PHYSICAL LAYER IMPAIRMENTS
Optical networks have evolved over recent years
from opaque (point-to-point) to transparent networks, as a way to reduce capital and operating
expenditures (CAPEX and OPEX). In the latter
case, optical switches are configured to transparently handle transit traffic; the signal remains in
the optical domain, saving on the cost of
transponders and electronic processing equipment used in the past to terminate and retransmit traffic at intermediate hops. Since optical
connections may span over many and long links,
physical layer impairments (PLIs), such as noise,
dispersion, interference, and nonlinear effects
accumulate and affect the quality of transmission
(QoT). Accounting for PLIs is a challenge for
algorithm designers, especially when it comes to
the interdependencies introduced between the
physical and the other layers.
PLIs affect both fixed-grid WDM and flexible
networks, but there are distinct differences
between the two cases. Flexible networks are
expected to use coherent detection and DSP,
implying that certain impairments, particularly
those related to dispersion, will be substantially
reduced or fully compensated. However, the
additional degrees of flexibility available in flexible networks make the minimization of these
effects more complicated from an algorithmic
perspective. On the other hand in WDM networks, PLIs, even though more significant, can
be accounted for quite accurately, since fewer
parameters are involved (non-tunable transponders and constant guardband) and analytical
models can successfully capture these effects.
To formulate the PLI effects and the
transponders’ tunability in a flexible network we
assume that each flexpath has a specific optical
reach, defined as the distance it can transmit at
with acceptable QoT (e.g., bit error rate, BER).
The optical reach depends not only on the flexpath’s transmission configuration, but also on
the presence of adjacent interfering flexpaths,
their transmission configurations and guardbands used. The number of combinations of possible configurations can be huge; also, PLI
analytical models may not capture all effects, or
experimental measurements may be limited for
some of the options. So, it seems that the only
viable solution is to resort to some sort of simplification that captures PLIs in a coarser but
safe manner (e.g., add a safety margin or take
worst-case scenarios), reducing the parameters
and the solution space while trying not to eliminate good solutions.
In the algorithms implemented in the Mantis
tool we used such a simplification that fits well
with the above described requirements. The
transmission reach of a connection for a given
transmission configuration and guardband distance is calculated assuming worst case interference by its adjacent connections. To be more
specific, we define a physical feasibility function l
= f c (r, b, g) that captures PLIs and can be
obtained experimentally or through analytical
models. This function gives the transmission distance l (in kilometers) at which the transponder
of cost c can transmit with acceptable QoT when
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transmitting at r Gb/s using bandwidth of b spectrum slots and a guardband of g spectrum slots
from its adjacent spectrum connections. Note
that defining the rate r and spectrum b incorporates the choice of the modulation format used.
Using the functions f c of the available
transponders we define (reach-rate-spectrumguardband-cost) transmission tuples, corresponding to feasible configurations of the
transponders. The term “feasible” is used to signify that the tuple definition incorporates PLI
limitations, while the cost parameter is used
when there are transponders of different capabilities and costs. The above definition is very
general and can be used to describe any type of
flexible or even fixed-grid optical network. For
example, the mixed-line-rate (MLR) fixed-grid
network of [8] that employs 10/40/100 Gb/s
transponders can be represented with the following transmission tuples:
• (3000 km, 10 Gb/s, 50 GHz, 0 GHz, 1 cost
unit)
• (1600 km, 40 Gb/s, 50 GHz, 0 GHz, 3 cost
units)
• (800 km, 100 Gb/s, 50 GHz, 0 GHz, 6 cost
units)
where the cost of the 10 Gb/s transponder is
taken as 1 cost unit.
Using the above methodology we can enumerate the feasible transmission options of the
BVTs so as to incorporate PLIs. The planning
and operation algorithms of Mantis take these as
input, and select the appropriate BVT configuration and allocate route and spectrum, in a way
that satisfies QoT constraints by construction.

The problem of
establishing connections in fixed-grid
WDM networks is
typically referred to
as the Routing and
Wavelength Assignment (RWA) problem, known to be
NP-complete. Connection (flexpath)
establishment in flexible networks is
more complicated
for several reasons.

ROUTING AND SPECTRUM ALLOCATION
The problem of establishing connections in
fixed-grid WDM networks is typically referred to
as the Routing and Wavelength Assignment
(RWA) problem, known to be NP-complete.
Connection (flexpath) establishment in flexible
networks is more complicated for several reasons. First, in contrast to WDM networks where
each connection is assigned a single wavelength,
in flexible networks spectrum slots can be combined to form variable-width channels, leading to
the so-called routing and spectrum allocation
(RSA) problem. Additionally, the transponders’
(BVTs) adaptability yields many transmission
options, each with different transmission reach
and spectrum used. Algorithms that try to capture, at varying degrees, the problem of jointly
allocating recourses and selecting the transmission configurations are referred to as distance
adaptive spectrum allocation or routing, modulation level, and spectrum allocation (RMLSA)
algorithms.
Another difference between the RWA and
RSA problems relates to the number of connections served by a transponder. Typically in WDM
networks a transponder is allocated to a single
connection. In flexible networks, since the BVTs
are powerful, it is hard to fully utilize them for
all connections. So sliceable BVTs (S-BVTs),
which can be shared to serve more than one
connection, are also considered as candidate
solutions [3]. S-BVTs introduce additional challenges: how to assign multiple flexpaths to SBVTs, keep them highly utilized, and reduce

63

CHRISTODOULOPOULOS_LAYOUT_Layout 1/6/14 2:06 PM Page 64

Planning phase

Operational phase
Network state

Network topology

Link N2↔N3

Traffic matrix

F1
1

0 40...30 0
...
...
50 20 ...10 0

F2

Link N2↔N4

N2

F1

2

F3

(s1,d1,r1) (s2,d2,r2)

Link N3↔N2

N1

(s4,d4,r4) (s5,d5,r5)

(s,d,r)

N4
F3

(s3,d3,r3)

3

(s6,d6,r6)

N3

TED

Feasible configurations of transponders
transmission tuples:
(reach-rate-spectrum-guardband-cost)

Traffic
engineering
database

(l1,r1,b1,g1,c1)
(l2,r2,b2,g2,c2)

New
connection

Rate
fluctuation
(increase)

Connection Rate
release fluctuation
(decrease)

Dynamic algorithms

Offline algorithms
Network
planning and
operation
tool

Install
network
setting

Offline RSA
- Combinatorial optimization of
demands of the traffic matrix
- Full or partial network reoptimization

- When SEC cannot absorb the
Online RSA
rate fluctuation then defragment
(establish a single or call online RSA to route the
excess traffic
connection)
- When transponder is full, then
When connection cannot be call online RSA to establish
a new connection
established then defragment
to make space

SEC policy
(absorb rate
fluctuation)

Blocked

...

Reactive defragmentation

Time

Re-optimization
Trigger: time period, or
number of changes, or
when performance
deteriorates vastly

Figure 2. Flow diagram of a generic approach to operate a flexible network. The RSA algorithm performs routing and spectrum allocation for long- and medium-term provisioning, while SEC policy accommodates short-term traffic fluctuations.

their number and total cost. Thus, instead of
point-to-point transmissions, algorithms that
consider point-to-multipoint transmissions have
to be developed, and ideas from multicast routing can be used.
Both RWA and RSA include as a subproblem the placement of regenerators in the network. Given the limited transmission reach due
to PLIs, regenerators are used to establish
lengthy connections. However, in contrast to
WDM networks where the capabilities of the
transponders and regenerators are given, in flexible networks the transmission reach depends on
the transmission configuration of the tunable
BVT and can be controlled. Thus, regenerator
placement in flexible networks also depends on
the choices made in choosing the BVT configurations, making it more complicated than in
fixed-grid networks.

DYNAMIC NETWORK OPERATION
The WDM network is typically initiated with an
offline/planning algorithm assuming an oversubscribed traffic matrix, meaning that actual traffic
is on average much lower than the traffic
described in the matrix, to absorb short term
fluctuations (e.g., daily cycles) and avoid frequent network upgrades. Of course, in the long
term the traffic will increase and will eventually
require network upgrades. Thus, WDM networks are operated in an incremental manner,
with new connections added sporadically, when
utilization between endpoints exceeds a certain
percentage, while existing connections are rarely
(if ever) terminated. This practice is rather different than the dynamic scenarios usually considered in literature algorithms for WDM networks
that assume the dynamic establishment and
release of connections and measure the blocking
probability over time. It is actually very seldom
that connections are torn down by tier 1 and tier
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2 operators. Thus, a more appropriate model
would be to incrementally add connections and
observe when the first connection blocking
occurs. Flexible networks using adjustable
transponders (BVTs) require a different
approach as their operation could be more
dynamic, bringing the optical layer closer to the
IP layer, for example, by enabling the IP layer to
“dial” the bandwidth that it uses.
We envision a flexible network where dynamic traffic variation is accommodated at two different levels. The first level is the establishment
of new connections, as in fixed-grid networks.
Given the high rate that flexible BVTs are
expected to transmit (designs of 400 Gb/s or 1
Tb/s have appeared in the literature [4]), relatively long periods of time will pass until a new
connection (traffic increase) requiring a new
transponder is encountered, probably longer
than in WDM systems due to the higher rate of
BVTs. A second level is to absorb rate changes
by adapting the BVT, e.g., tuning the modulation format and/or the number of spectrum slots,
a feature not available in WDM systems.
Figure 2 describes a generic approach for
operating a flexible network. The offline RSA
algorithm used to initialize the network, or the
dynamic RSA algorithm that subsequently adds
flexpaths, assigns to each flexpath a path and a
reference frequency. A flexpath occupies a certain amount of spectrum slots around that reference frequency, and traffic variations can be
absorbed by the BVTs by tuning the modulation
format or expanding/contracting the spectrum
they use. Slots that are freed by a flexpath can
be assigned to different flexpaths at different
time instants, obtaining statistical multiplexing
gains. To enable the dynamic sharing of spectrum, we need Spectrum Expansion/Contraction
(SEC) policies [10] to regulate the way this is
performed. An example of such a policy would
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Figure 3. Network planning tools overview.
be to increase and decrease the spectrum slots in
a symmetric way, i.e., alternate between expanding towards the higher and lower spectrum slots
of the reference frequency of the flexpath, until
it reaches a slot already occupied by another
connection, at which point we allocate slots only
from the other side. An RSA operation is performed again when a SEC policy cannot absorb
traffic variations by granting additional spectrum
slots, or when the requested rate exceeds the
transponder capabilities. Then, RSA algorithm is
called to route the excess traffic over a different
flexpath, or reroute the entire flexpath (to save
in guardbands).
After establishing and tearing down multiple
flexpaths the spectrum slowly becomes fragmented, reducing its ability to accommodate new connections [11]. This problem is much less
significant in fixed-grid WDM networks, where
each connection is assigned a single wavelength.
A number of defragmentation solutions have
been proposed for flexible networks, broadly
classified into proactive and reactive approaches.
A proactive approach can be an RSA algorithm
that avoids fragmentation by trying to leave
spectrum voids that are more easily usable, while
a reactive approach can be a special defragmentation algorithm that re-optimizes the network
and frees spectrum for new connections.

NETWORK PLANNING AND
OPERATION TOOLS
Today a number of network planning and operation tools for fixed-grid WDM and IP networks
are available. Most of these tools come from
specific equipment vendors and are intended to
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be used along with their products. Network
operators and equipment vendors use these tools
to meet service level agreements, achieve
CAPEX savings, maximize network lifetime, and
gain insight into the capabilities of their network.
Some of the most important functionalities
these products provide are the following:
• Optimize routing and equipment placement
to efficiently meet traffic demands
• Produce equipment configuration and
equipment requirements
• Perform capacity planning, determining
ways to expand the network (e.g., purchase
links) to handle traffic growth
• Analyze the impact of failures and plan protection strategies to maximize resiliency
• Analyze and minimize equipment costs
• Evaluate various what-if networking scenarios, validating network changes or situations
before deploying the production network
• Perform traffic analysis and engineering
• Visualize the above information
These commercial tools, some of which are
presented in Fig. 3, offer functionality for the IP
and optical WDM layers, most of the time separately. This is because changes in the two network layers occur at different timescales, as the
WDM layer is very static and does not really
need to be operated in real time. The introduction of flexible technologies will force tools to
consider the new specifications, as the adaptability of the flexible paradigm brings the optical
layer closer to the IP layer. For example, the IP
layer could request a specific rate, and the BVT
transponder and flex-grid switches would be
reconfigured to accommodate that request in
close to real time, so an operator no longer has
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to massively overprovision to accommodate possible fluctuations. It is thus evident that future
tools will have to integrate these two layers more
closely to achieve a more efficient resource utilization and save CAPEX/OPEX.
On a different note, the tools in Fig. 3 are
standalone applications that might face scalability issues when considering huge what-if scenarios or controlling large multi-layer networks.
Having applications operating in the cloud and
harvesting its infinite computation power can be
a solution to such issues.

MANTIS: A NETWORK PLANNING AND
OPERATION TOOL FOR FLEXIBLE NETWORKS
WITH CLOUD CAPABILITIES
Mantis is a network planning and operation tool
for flexible and fixed-grid optical networks
designed to include a variety of novel algorithms
for planning and operation functions that have
been developed over the past 5 years. Mantis
architecture permits fast execution of the included algorithms, efficient usage of the computational resources, and deployment both as a
desktop application and as a cloud service
(SaaS).
In Mantis, users can define various parameters (e.g., network topology, traffic demands,
equipment, device monetary and energy costs)
and select among a large set of RWA and
RSA algorithms, taking into account in both
cases the PLIs. Algorithms evaluate future
network plans and demands and report
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Mantis components are organized in three
layers: the access, the application and the execution layer (Fig. 4). There are two common interfaces to provide loose coupling between the
application and the other two layers, so that the
same access and execution layers can be used
whether Mantis is deployed as a desktop application or as a cloud service. The access layer
handles the interaction with the users through a
web-based interface and exposes a RESTful
API. The execution layer consists of the execution engine and the library of available network
planning and operation algorithms. The execution engine receives requests, for starting or terminating algorithms’ executions, through the
common interface from the application layer
and is responsible for performing all the
required actions, including the preparation of
the execution environment, the monitoring of
the execution progress and the handling of final
results or possible failures. In the current version, the algorithms are written either in Cython
or in C++ language and are accessed from the
execution engine through a custom plug-in
mechanism. This mechanism enables new algorithms to be easily added in the tool without any
modification of the application layer and the
execution engine.
The application layer orchestrates the execution of user requests. It is the only layer that differs between desktop application and cloud
service deployment as there are different
requirements and operations that should be performed in these different settings. In the former
case, there is a single server that contains the
desktop application engine and the execution
layer. In the latter case the application layer
implements the cloud application engine that
handles the interaction with the cloud infrastructure. Mantis places one execution engine in
every virtual computing node that runs a particular problem instance, and many virtual nodes
can be placed in a physical machine in the cloud.
The cloud application engine is responsible for
the mapping of virtual nodes to physical
machines and for adding and removing unused
machines to the pool of Mantis resources, what
we call the Mantis cloud scheduling policy. The
cloud application engine is modular so as to support multiple cloud service providers with minimum effort and changes. In the current version,
Mantis supports Amazon Web Services (AWS)
and ~okeanos, GRNET’s cloud service for the
Greek Academic Community.
Figure 5 shows the total execution time of a
variable number of standalone problem
instances when Mantis operates in the desktop
and in the cloud mode. We parallelize the execution of instances by allocating one instance
per CPU core. The desktop application server
run Ubuntu 12.04, and had 4 Gbytes RAM and
4 CPU cores, affording the abilityto run 4 problem instances simultaneously. The cloud engine
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ALGORITHMS INCLUDED IN MANTIS
The current Mantis version includes network
planning and operation algorithms for fixed and
flexible optical networks that can be used for
both transparent (without regenerators) and
translucent (with regenerators) networks.
The IA-RSA (IA stands for Impairment
Aware) algorithm [9] considers the planning
problem of a flexible optical network under PLIs
and addresses the problems identified earlier in
a unified manner. It serves the demands for
their requested rates by choosing the route,
breaking the transmission into multiple connections, placing regenerators if needed, and allocating spectrum to them. Also implemented are
two algorithms for planning mixed and single
line rate WDM systems under physical layer
impairments (IA-RWA-MLR and IA-RWASLR). The objective of all the aforementioned
algorithms is to minimize a weighted combination of the cost of the transponders/regenerators
and the spectrum that is used. Online (operation
phase) versions of these algorithms are also
available, where the output of the offline (planning phase) case is taken as input and a new
demand is served in an incremental manner.
Furthermore, the energy-aware (EA)-RWA
algorithm of [12] is also included in Mantis,
which aims at minimizing the energy consumed
by the optical layer components when planning
translucent WDM optical networks.
The algorithms included in Mantis are heuristic and utilize simulated annealing to obtain
good solutions, while in the future we plan to
connect Mantis with optimization solvers and
incorporate algorithms implementing linear optimization formulations (i.e., LP and ILP). More
algorithms that address dynamic network operation of flexible networks (discussed earlier),
including dynamic spectrum expansion/contraction of existing connections, spectrum defragmentation, consideration of the IP layer, and
others, are currently evaluated, and will be
incorporated in future releases of Mantis.
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MANTIS PURPOSE
Our goal is to make Mantis a common benchmarking environment with social characteristics
where researchers share topologies, traffic
matrices, and CAPEX/OPEX parameters, and
evaluate their algorithms under common conditions. In this way, Mantis could evolve into an
online collaboration platform for optical network researchers, improving the comparability,
quality, and reliability of the results presented in
various research articles and projects. Toward a
different direction, we are also working on connecting Mantis with the related management/
control plane stacks of optical and IP equipment in order to make Mantis the logic of a
complete network planning and operation tool
that makes decisions and applies them to the
underlying network (as shown in Fig. 1). A special case of that is to play the role of the path
computation element (PCE) in a flexible optical
network.

CONCLUSIONS
Today a number of companies (equipment vendors, independent companies) offer planning
tools for optical fixed-grid WDM and separate
tools for IP networks. However, the introduction
lately of flexible optical networking technologies
raises the need for the development of new
tools, such as:
• New algorithmic issues appear (routing and
spectrum allocation, defragmentation).
• Existing ones change considerably (physical
impairments, survivability).
• The optical network becomes more dynamic
and comes closer to the IP layer, making
cross-layer optimization important.
Mantis is one of the first tools implemented for
planning flexible networks, and includes novel
and efficient algorithms. Mantis modular architecture provides fast execution and efficient
computation resource usage, and enables the
deployment of the tool as both a desktop application and a cloud SaaS. Mantis’ web-based user
interface, along with its collaboration and socialrelated functionalities, could lead to an online
collaboration platform for optical network
research.
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Figure 6. Creation of: a) network topology; b) traffic matrix in Gb/s; c) configuration; and d) display of
information for different instances.
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