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Abbreviations
EONs	� Elastic optical networks
GA	� Genetic algorithm
SAA	� Simulated annealing algorithm
ASP	� Adaptive service provisioning
EDFA	� Erbium-doped fiber amplifier
RCWA-CP	� RCWA with core perception
LCM	� Low-crosstalk-margin
QAM	� Quadrature amplitude modulation
ROADM	� Reconfigurable optical add-drop 

multiplexer
QPSK	� Quadrature phase shift keying
DNN	� Deep neural networks
WDM	� Wavelength division multiplexing
RCWA-XTP	� RCWA with crosstalk perception
MPRSA	� Multi-path routing and spectrum 

assignment
FSs	� Frequency slots
RMFSSA-w–P	� Routing, modulation format, space 

and spectrum allocation with 
protection-with-protection

RSA	� Routing and spectrum allocation
CNN	� Convolutional-neural-network
ILP	� Integer linear programming
ESFLA	� Enhanced shuffled frog leaping 

algorithm
RRA​	� Routing and resource assignment
WDM	� Wavelength division multiplexed
DRL	� Deep reinforcement learning
QLRs	� QKD light path requests
RCWA-WP	� RCWA without perception

Abstract  This work aims to provide a review of the route 
planning and optimization tools for optical networks from 
optimization algorithms to their evaluation approaches. 
Optical networks are considered one of the most famous 
technologies in order to implement telecommunications 
backbones. The optimal performance of optical networks 
and the recognition of possible performance bottlenecks are 
of significance to network operators. Nevertheless, since 
each vendor uses a diverse set of performance indicators and 
performance prediction approaches, it is very difficult to cre-
ate a single, vendor-neutral performance map of an optical 
network. In internet traffic, the steady rise demands large-
scale and high-speed optical networks with effectual spec-
trum resource utilization. Thus, cautious allocation of opti-
cal resources is needed; mainly Gaussian Noise simulation 
in Python (GNPy)-based transmission parameters for route 
planning is employed. In this paper, various approaches 
based on different route planning techniques in optical net-
works are exploited. The research works are analyzed by 
classifying them based on the approaches used in preced-
ing works. Additionally, the research gaps and challenges 
recognized in the conventional studies are mentioned; thus, 
it will assist the researchers in finding an enhanced solution 
and also improve their studies in the future. In this study, the 
related works used are verified on the basis of several sce-
narios, such as platform employed and performance evalua-
tion measures. It is noted that the most commonly used tool 
using GNPy package is Python. Also, this study enlists the 
future scope by examining the research gaps present in the 
related works to researchers; thus, it enhances their studies.
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RCWA​	� Routings, core, and wavelength 
allocation

LCM	� Low-crosstalk-margin
LP	� Light path
SS-FONs	� Spectrally-spatially flexible optical 

networks
2-D	� Two-dimensional
OSNR	� Optical signal-to-noise ratio
TRXs	� Transceivers
STA-RSA	� Steiner tree approach for RSA
IBFW	� Improved Bellman Floyd Warshall
QoT	� Quality-of-transmission
STA	� Steiner tree approach
GSNR	� Generalized signal-to-noise ratio
BVTs/SBVTs	� Bandwidth variable transponders /slice-

able bandwidth variable transponders
GNPy	� Gaussian noise simulation in Python
RCWA-SP	� RCWA with spectrum perception
QoS	� Quality of service
OFDM	� Orthogonal frequency division 

multiplexing
SPT-RSA	� Shortest path tree based routing and 

spectrum allocation
ODTN	� Open disaggregated transport network
PCE	� Path computation element
JSON	� JavaScript object notation
RDA	� Resource dimensioning and allocation
MIUFS	� Maximum index used frequency slots
RWSA	� Routing wavelength and spectrum 

assignment algorithm

Introduction

As traffic volumes and their capacity specifications rise sig-
nificantly, a major priority is required to find efficient ways 
to use the network’s available resources. Because of high 
bandwidth of optical fibres, the optical networks can sustain 
aforesaid rising demand for traffic. Generally, elastic opti-
cal networks are flexible in any circumstance, wherein the 
resources of spectrums are partitioned into frequency slots, 
which are severely regulated. Such slots are allocated to a 
user, in regard to allot a specific number of frequency slots 
to different optical links. The optical network’s capacity has 
been limited because of the constant rise in diverse traf-
fic and its associated bandwidth demands. The demands of 
next-generation optical networks for heterogeneous granu-
larity and large capacity in traffic can be met with the advent 
of EONs [1]. For high-speed networks, EON is considered 
a potential solution, which convenes exponential growth of 
internet applications having high bandwidth requirements 
[2]. The coarse granularity of a single wavelength is only 
provided by the wavelength division multiplexing networks. 

Thus, it cannot be adaptively applicable to several band-
width connection needs. Nevertheless, by employing the 
OFDM technology, EONs can present flexible and variable 
bandwidth to each connection request and obtain enhanced 
spectrum utilisation [3].

Currently, numerous global networks and applications 
employ optical transport networks with maximum speed as 
infrastructure appropriate to link companies, cities, organi-
zations etc. Nonetheless, the issue of wavelength and routing 
is important to enhance and expand the effect of the routed 
wavelength optical networks. In addition, the optical path 
formulation is considered an important approach for com-
munication. Also, in order to transmit the information in a 
routed wavelength optical network, the routing approaches 
and wavelength assignment were considered. Apart from 
that, wavelength continuity is considered the most gen-
eral problem, where it should have the same wavelength 
on the path that will set up the connection. To resolve this 
challenge, the converters of optical wavelength are being 
employed, and while crossing via diverse fibre links, a light-
path might employ numerous wavelengths. The conventional 
GA, SAA, and other approaches were used in optical net-
work communication [2], which can decrease power loss to 
a definite extent, also these conventional search approaches 
led to converging in the local sub-optimal solution earlier 
that tends to premature stagnation in search. That means 
they simply fall into the local optimal solution, as well as 
it is not possible to make sure that the communication path 
identified is a routing path with minimal power utilization 
[4].

The most important objective of this work is to analyze 
research papers based on different route-planning techniques 
in optical networks. In this work, related works are catego-
rized based on the approaches used in the previous stud-
ies including the methods that employ GNPy tool. Also, 
the research gaps identified in the conventional works are 
enlisted; thus, in the future, researchers can enhance their 
study and offer improved solutions.

The organization of the paper is organized as fol-
lows: Sect. ”Related works” describes the related works; 
Sect. ”GNPy architecture” emphasizes the analysis and dis-
cussion. Sect. ”Analysis and Discussion” explains research 
gaps and future works, whereas Sect. ”Research gaps and 
future work” concludes the paper.

Related works

This work contains several techniques adopted for routing 
in various research papers regarding the optimal network 
and they are emphasized in this section. The classifica-
tion of routing in optimal network techniques is shown in 
Fig. 1. Here, various methods based on optimization, deep 
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learning and other approaches were used for routing in opti-
cal networks.

Optimization‑based approaches

The section states the studies and researches related to route 
planning and optimization tools for optical networks based 
on optimization-based techniques. It improves overall per-
formance, minimize costs, and increases efficiency.

Xuan et al. [3], presented an effectual genetic algorithm 
with tailor-made mutation, crossover, and local search 
operators to decide optimal strategies for routing. Various 
experimental analyses were performed on two diverse multi-
domain EONs to estimate the approach. The goal of optimi-
zation model is to find the best routing, spectrum and core 
allocation schemes by decreasing the highest index of used 
frequency slots. A genetic algorithm with two populations is 
created to efficiently solve the optimization model. Finally, 
the simulation outcomes exhibit that the approach possesses 
maximal performance than the conventional techniques. Sel-
vakumar and Manivannan [1] worked on an effectual routing 
approach besides spectrum allocation optimization for an 
EON. Here ESFLA and IBFW shortest path routing were 
utilized. This method minimizes the fragmentation complex 
of the spectrum and facilitates flexible spectrum fragmenta-
tion and efficient routing, which are the two key concerns in 
elastic optical networks. The experimentation was evaluated 
with the RSA techniques with suitable measures, in which 
it obtained enhanced spectrum utilization and minimized 
number of blocks. Ujjwal et al. [5], presented an approach, 
called ASP, to deal with a solution to the MPRSA issue. 
By adaptively fragmenting connection requests on separate 
paths according to hardware BVTs/SBVTs availability and 
pre-computed capacity, ASP increases the number of con-
nections handled. Also, by accurately managing scattered 
spectrum slots, it reduced the spectrum fragments in the 
network. This approach carried out the demand of adaptive 

traffic splitting on disjoint paths in case it was not capable 
of being served using the k-shortest routing paths based on 
metrics, like capacity available, demand and hardware sup-
port. To solve the MPRSA issue in large optical networks, an 
ILP approach and a heuristic approach were also developed.

Deep learning‑based models

The section states the studies and researches related to route 
planning and optimization tools for optical networks based 
on deep learning based models. The deep learning based 
model minimizes computation, highly accurate and has the 
ability to handle large datasets.

Sharma et al. [6], addressed the RRA issue in the quan-
tum signal channel. The RRA problem was a complicated 
decision-making issue, where suitable solutions depended 
on comprehending the networking environment. The 
authors have used a DRL model for complicated issues. 
Understanding the networking environment is necessary to 
provide effective solutions for the complicated RRA prob-
lem of QKD-ONs. DRL is used to tackle the RRA prob-
lem and a DRL-based RRA scheme is driven by the new 
developments in DRL for complicated problems as well as 
its capacity to learn directly from experiences. By utilizing 
the DNN, the method learnt the optimal policy to choose a 
suitable route and allocated appropriate network resources 
for the establishment of QLRs. Usmani et al. [5], presented 
a CNN-based structural design to precisely compute QoT 
to the actual deployment of LP in a hidden network and in 
order to extract usable features, the CNN architecture com-
prises two networks, a regression network that estimates the 
GSNR of LP before it is actually provisioned in a network, 
and feature extraction with input and two conv-layers. The 
approach was trained on the data obtained from already set 
up LP of an entirely diverse network. To estimate the QoT of 
LP, the measure of GSNR was considered. By employing a 

Fig. 1   Analysis based on approaches for routing in optical networks
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well-evaluated GNPy simulation tool, the synthetic dataset 
was generated.

Other approaches

The section states the studies and researches related to route 
planning and optimization tools for optical networks based 
on other approaches. Other approaches such as RSA, RWSA, 
LCM, RDA, and minimum loss routing offer benefits such 
as enhanced fault tolerance, reduced power usage, and 
increased network performance.

Choudhury et al. [2], investigated RSA models in EONs 
for multicast traffic demands. For each multicast traffic 
demand, a light tree was constructed and by utilizing the 
first-fit spectrum allocation policy, the spectrum was allo-
cated to this light tree. An approximation-based STA-RSA 
were presented and compared with spectrum allocation SPT-
RSA and shortest path tree-based routing to exhibit in favour 
of STA-RSA over SPT-RSA. In order to minimize spectrum 
usage and lower the chance that the traffic demands will 
block bandwidth, this concentrated on finding solutions to 
the problems of traffic routing and spectrum allocation for 
multicast traffic demands. Finally, experimental outcomes 
have shown that the model performed better than conven-
tional techniques regarding the bandwidth-blocking prob-
ability. D’Amico et al. [7], examined the accurateness of a 
QoT- estimator within a laboratory flex-grid flex-rate model. 
It considered 8 multi-vendor TRXs with symbol rates rang-
ing from 33 to 69 Gbaud, and variable constellations. Also, 
8-QAM, QPSK, and 16-QAM probabilistic constellation 
shaping, a flex-grid WDM spectrum, and data rates of 100 
Gbits/s up to 300 Gbits/s, with channel spacings of 50 and 
75 GHz were performed. Moreover, an improved execution 
of open-source GNPy project was utilized. With an average 
error value of not exceeding 0.5 dB, QoT-E offers a high 
degree of precision in the computation of the GSNR. The 
TRX model, which is derived by back-to-back characteri-
zation, is used to calculate these values with regard to the 
measured bit-error ratio translated to the GSNR. These find-
ings show that power spectral densities, rather than power 
per channel, as in conventional fixed-grid systems, are the 
key to optimum management of flex-grid flex-rate WDM 
optical transport.

Ferrari et al. [8], described the confirmation of GNPy, 
which was an open-source application. Here, optical layer 
followed a disaggregated idea, as well as its core engine was 
a QoT estimator for coherent WDM-based optical networks. 
Also, the GNPy software was flexible, which was utilized to 
organize a request for proposal/request for quotation. Also, 
network configuration to take benefit of channel capacity 
was optimized and capacity and deployed network perfor-
mance were examined. GNPy can be used in an optical line 
controller to calculate the optimal operating point since it 

can accurately anticipate the optimum transmitted power to 
within 0.5 dB. This validation finding demonstrated QoT 
estimator’s capacity to forecast the frequency variation of 
the GSNR by probing the C-band on several spectral areas 
and altering the paths’ lengths, modulation format, and net-
work architecture. Borraccini et al. [9], designed an optical 
network framework based on physical layer digital twin of 
optical transport, which was employed within a multilayer 
hierarchical control. Here, the solution was based on GNPy 
as an optical physical layer digital twin as well as ONOS 
as an intent-based network operating system. The optical 
control reliability was independent of data plane operation 
is experimentally demonstrated through the use of software 
optical amplifier models constructed from component char-
acterization using GNPy as an open LP computing engine. 
The experimental analysis showed that the optical control’s 
reliability of a model, when separated from the data plane’s 
operation, involved the utilization of GNPy as an open LP 
computation engine and software-based optical amplifier 
techniques, which was derived from characterization of 
module.

Yang et al. [4], presented a 5 × 5 all-pass optical router 
approach for 2-D mesh-based ONoCs. Also, an algorithm 
was developed to choose the routing paths with minimal 
power loss based on a broad optical router approach as well 
as computational approaches of crosstalk noise and power 
loss. Meanwhile, it can make sure that the routing paths have 
the best OSNR. At last, Cygnus optical router was employed 
to confirm routing approach. The outcomes exhibited that 
the approach can efficiently minimize power loss and 
enhance OSNR in scenarios of network sizes of 6 × 6 and 
5 × 5. Finally, algorithm can carry out better in increasing 
the OSNR and minimize the power loss with augment of the 
optical network scale. Agrawal et al. [10], exploited the spa-
tial dimension i.e., core of SS-FONs to compute XT-aware 
routes and an LCM routing model. A proactive model of XT 
management was presented by LCM routing, wherein 2D 
routes using core-switching were computed and prioritized 
offline based on XT margins. Experimentations indicated 
that LCM routing attained better LP establishment while 
evaluated with the conventional proactive XT management 
techniques. Furthermore, the LCM routing achieved near-
optimal performance without requirement of complicated 
computations. Furthermore, the LCM routing achieved near-
optimal performance without requirement of complicated 
computations, which were carried out in a dynamic man-
ner. Curri [11] presented the basic principles of open-source 
project GNPy for optical transport virtualization in design-
ing WDM optical transmission for disaggregated and open 
networking. For open network management and planning, 
GNPy can be employed as a vendor-agnostic digital twin, 
and GNPy approximates the transparent LP as additive white 
and Gaussian noise channels. To facilitate disaggregated 
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network management, QoT degradation of every network 
element was individually modelled. For optical amplifiers, 
fibre propagation, and reconfigurable add/drop multiplex-
ers, the GNPy approaches were presented. Also, by utilizing 
the back-to-back characterisation data, coherent transceiver 
modelling was performed. The SDN multi-layer hierarchi-
cal controller uses GNPy as a service to provide optical line 
control and facilitate the open and autonomous deployment 
of optical circuits.

Yu et al. [12], worked on four RCWA approaches in 
multi-core optical networks for classical service requests and 
quantum service requests. It was indicated as RCWA-WP, 
RCWA-XTP, RCWA-SP, and RCWA-CP. By pre-calculating 
the distribution of secure keys and data in the multi-core 
optical network, a spectrum-perception RCWA algorithm 
is created to fully utilize the network’s resources. Experi-
mentations were performed to assess the performance of 
the network regarding key utilization, blocking probability, 
and average crosstalk intensity. The comparative outcomes 
show that the RCWA-SP approach can enhance the perfor-
mance of the network and minimize blocking probability, 
whereas the RCWA-XTP model can decrease inter-core 
crosstalk throughout transmission. Iyer [13] introduced the 
RMFSSA-w–P approach that was independent of the failures 
in securing the routes. Additionally, the modulation format 
adaptation was considered. A wide experimentation was per-
formed by considering the realistic networks, and achieved 
outcomes exhibited better performance of the model than the 
conventional models. Khan et al. [14], worked on an opti-
mization issue that uses information, such as traffic between 
end nodes, network topology, and the target level of con-
gestion at each link/node in WDM networks. It has been 
demonstrated that add/drop traffic on all nodes only requires 
a small number of access ports. The amount of traffic that 
originates and terminates at a switch node mostly determines 
the access ports. The total network cost was minimized to 
maintain a minimal congestion level on all links which pre-
sented a well-organized trade-off solution for the network 
design issue. In WDM networks, the optimal information 
was used for dynamic traffic that was exhibited to attain the 
required performance with definite QoS in diverse networks.

GNPy architecture

This section elaborates GNPy, which was used as an optical 
network simulation tool in most of the existing works reviewed 
above. Figure 2 demonstrates the general framework of GNPy. 
GNPy presents a range of features centred on a core engine, 
which is responsible for managing QoT estimation and signal 
propagation effects. Generally, this core engine is set up to 
experiment with the transmission of a fully loaded spectrum 
between two specified points, A and B, within a complicated 

network topology. Moreover, this network is constructed by 
utilizing atomic network modules, namely EDFA and optical 
fibers, and needs a set of parameters expressing each network 
element of the network to have meaningful outcomes. In stable 
releases of the code, these measures can be presented to GNPy 
in JSON format or by utilizing internally transformed XLS 
files into a JSON framework. Amplifiers can be abstracted 
in accordance with three diverse data models, like black box, 
white box and operator model, which depend on actual knowl-
edge of the amplifier [15].

An accurate description is not possible in a few cases. 
Therefore, in accordance with the heuristic and design rules, 
GNPy has an auto-design feature, which has the ability to con-
figure the amplifier. The input topology is unfinished, while 
auto design is employed. The amplifier model and operating 
point are not unrecognized, the spans have not all amplifiers. In 
this scenario, appropriate amplifiers are selected by the auto-
design from an equipment library and it divides fibre spas that 
are too long. A set of features is used to ease the user experi-
ence for what if cases and planning as it permits the evalua-
tions of numerous requests on a similar network, and a similar 
configuration. Also, the GNPy assists the common planning 
constraints, such as path disjunction, assignment of spectrum, 
selection of obligatory nodes, transponder mode selection and 
so on. The shortest path model was implemented by the path 
computation phase and it set up the advancement of an API 
to combine the optical line system controllers. In an ODTN 
exhibition, such API was featured. GNPy is used to estimate 
the path feasibility in a release of the Transport PCE control-
ler project GNPy requires a network description presented via 
JSON file. Such network is abstracted as optical impairment 
aware topology done of network elements and it returns the 
GSNR of each channel besides a path. The formulation of 
GSNR is stated below [15]:

where OSNR and SNR are calculated below,

where AS,a represents the signal power of the ath channel and 
ei represents its central frequency.

(1)

GSNRa =
AS,a

AASE

(

ei
)

+ ANLI

(

ei
) =

(

OSNR−1

a
+ SNR−1

NL,a

)

(2)OSNRa =
AS,a

AASE

(

ei
)

(3)SNR
NL,a

=
AS,a

ANLI

(

ei
)

(4)AASE(e) = heNF(e)G(e)Cref
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where G(e) represents gain, h represents Plank constant, Cref  
represents reference bandwidth equivalent to the channel 
symbol rate.

(5)ANLI

(

ei
)

= GNLI(e)Cref

where GNLI(e) represents the NLI power spectral density 
which depends on the fiber parameters and the WDM spec-
tral occupancy.
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Fig. 2   General framework of GNPy
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Analysis and discussion

To demonstrate the effectiveness and efficiency, several 
experiments are conducted, and the results are presented 
in this section. In Sect. ”Analysis based on metrics”, the 
analysis based on metrics is given. Analysis based on plat-
forms is presented in Sect. ”Analysis based on platforms”. 
Sect. ”Analysis regarding complexity” shows the analysis 
regarding complexity. Analysis regarding block probabil-
ity is given in Sect. ”Analysis regarding block probability”. 
Finally, the techniques employed are given in Sect. ”Tech-
niques employed”.

Analysis based on metrics

This section describes analysis based on the performance 
measures utilized in different research works. Table 1 eluci-
dates several performance metrics used for routing in optical 
networks. The most commonly used performance metrics 
are Block probability, BER, spectrum utilization, and SNR. 
The sensitivity and blocking probability metrics are used in 
[2]. In [1], the metrics, like blocking probability, spectrum 
utilization and MIUFS are employed. The metrics, like SNR 
and GSNR are employed in [9] while GSNR and MAE met-
rics are utilized in [5].

Analysis based on platforms

Figure 3 elucidates analysis based on the platforms. Strong 
capabilities for data analysis, manipulation, and visuali-
zation are available in Matlab. Key advantages of Python 
are its ease of use, short and simple syntax, and extensive 
library. Additional benefits of Python include its enormous 
user base, adaptability, portability, and free and open source 
licensing. Here, the most utilized platform for the simulation 
of routing in optical networks is the python, which was used 

by 75% of researchers, whereas 25% of researchers have 
used Matlab. From the analysis, it is clear that Python is the 
most commonly used tool using the GNPy package.

Analysis regarding complexity

Computational complexity or complexity analysis or theory 
is a theoretical evaluation that measures the computational 
resources needed by a technique to resolve a computational 
issue. Also, complexity of an approach is nothing but a func-
tion that emphasizes the effectuality of an approach depend-
ing upon the amount of data that the technique requires to 
process. The computational complexity is helpful in select-
ing the most effective algorithms with favorable complexity 
and can manage more difficult tasks and bigger datasets. 
Table 2 demonstrates the analysis regarding complexity.

Analysis regarding block probability

Figure 4 demonstrates an analysis based on the blocking prob-
ability. From the above analysis, it is clear that the blocking 
probability is the most common utilized metric. Thus, the 
blocking probability metric is analyzed in this work. Here, the 
least blocking probability is achieved by[8], whereas the [6] 
achieved a high blocking probability. The network load of [2] 
achieved 0.003 blocking probability while the method in [5] 
attained a blocking probability of 0.017.

Table 1   Analysis based on metrics

Metrics Cited articles

Sensitivity [2]
BER [9]
Blocking probability [1, 2, 5, 6, 10, 12]
RFSU [3]
Spectrum utilization [1, 5, 10]
Key utilization [12]
MIUFS [3] 1
GSNR [5] 8
Power loss [4]
SNR [7] 9
MAE [5]
Traffic load [13]

75%

25%

Python
Matlab

Fig. 3   Analysis based on simulation tool

Table 2   Analysis regarding complexity

Cited articles Complexity

[2] O
(

|D�
|

2
|E| log |V| + |D�

||V| + |F||E||M|

)

[3] O
(

KN2NR + 2GmaxPSN
3FNc

)

[10] O
(

|Q||V2
|k|G|P

)

[12] O(WKV(E + V logV) logC)

[13] O(||E|| + ||V|| log ||V||)

[5] O
(

K ∗ N3(E + N ∗ lg (N))
)

+ O(K ∗ N ∗ S)

[14] O(|N|)3
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Techniques employed

Table 3 describes the techniques employed in this work. The 
techniques, RSA and Steiner tree approach, Genetic Algo-
rithm, RWSA, Minimum-Loss Routing Algorithm, LCM 
Routing, RCWA algorithms, RMFSSA-w–P algorithm, 
ESFLA, DRL, ILP mode, RDA optimization, Convolutional 
neural network and GNPy are employed in route planning 
and optimization tools in optical networks for demonstrating 
better effectiveness and efficiency of the model.

Research gaps and future work

The main limitation of the genetic algorithm presented in [3] 
is its extended computational time compared to the other con-
ventional algorithms. Furthermore, this algorithm requires 
the connection requests to be sorted in advance; thus, it is 

appropriate only to address core allocation, static routing, and 
spectrum assignment issues. A promising approach was devel-
oped in [8] by employing a multi-objective function. This tech-
nique aims to enhance various aspects, including optimizing 
spectrum demand, reducing fragmentation, and refining slot 
scheduling. However, it failed to consider brown-field vali-
dation in order to examine accuracy in the presence of envi-
ronmental and ageing problems. Also, the DRL technique in 
[6] has proven inadequate in effectively tackling the diverse 
networking challenges encountered in QKD-ONs. Another 
complexity arises in [14], where EON necessitates not only 
spectrum continuity but also spectrum contiguity constraints. 
The last constraint implies that FSs should be nearby beside 
optical path, by adding a layer of intricacy to the network’s 
resource allocation and optimization processes.

In future research by addressing aforesaid challenges, it 
will be critical to enhance the performance and adaptability 
of optical networks, specifically in terms of emerging tech-
nologies and advanced communication requirements, with 
particular emphasis on optimizing GNPy-based transmis-
sion parameters for route planning in optical networks. In 
addition, by taking traffic grooming and spectrum overlaps 
into account, reducing longer calculation times, and sorting 
connection requests, can investigate ways to reduce fragmen-
tation, spectrum demand, and slot scheduling.

Conclusion

A comprehensive analysis of various route planning tech-
niques in optical networks was presented in this work. Here, 
the research papers were categorized based on the tech-
niques, which was used in preceding works. Additionally, 
the research gaps and challenges present in the conventional 
literature were identified, which provides valuable insights 
for researchers to address and enhance their future studies. 
The works analyzed in the literature provided a detailed 
analysis of the works, which considers several aspects, 
such as performance evaluation metrics and software tools. 
Additionally, future research outlined prospects by analys-
ing the research challenges that exist in the literature, which 
presents guidance to researchers to enhance their work. 
Moreover, to manage the high traffic at a high bandwidth 
application and multi-objective functions to improve the 
fragmentation, spectrum demand and slot scheduling can 
be also be included in near future.

References

	 1.	 S.S. Manivannan, A hybrid meta-heuristic approach for optimiza-
tion of routing and spectrum assignment in Elastic Optical Net-
work (EON). Enterprise Inf. Syst. 15(7), 911–934 (2021)

	 2.	 P.D. Choudhury, P.R. Reddy, B.C. Chatterjee, E. Oki, T. De, 
Performance of routing and spectrum allocation approaches for 

0

0.005

0.01

0.015

0.02

0.025

0.03

[1] [6] [8] [11] [12]

B
lo

ck
in

g 
pr

ob
ab

ili
ty

Network load

Fig. 4   Analysis based on blocking probability metric

Table 3   Techniques employed

Cited articles Publication year Techniques

[2] 2020 RSA and STA
[3] 2020 GA
[7] 2022 RWSA
[4] 2020 Minimum-loss routing algorithm
[8] 2020 GNPy
[10] 2019 LCM Routing
[11] 2022 GNPy
[12] 2021 RCWA algorithms
[13] 2020 RMFSSA-w–P algorithm
[1] 2021 ESFLA
[6] 2023 DRL
[5] 2021 ILP mode
[14] 2021 RDA optimization
[5] 2021 CNN
[9] 2020 GNPy



J Opt	

multicast traffic in elastic optical networks. Opt. Fiber Technol. 
58, 102247 (2020)

	 3.	 H. Xuan, S. Wei, S. Guo, Y. Li, Xu. Zhanqi, Routing, spectrum 
and core assignment for multi-domain elastic optical networks 
with multi-core fibers. Opt. Fiber Technol. 59, 102040 (2020)

	 4.	 X.-P. Yang, T.-T. Song, Y.-C. Ye, B.-C. Liu, H. Yan, Y.-C. Zhu, 
Y.-L. Zheng, Y. Liu, Y.-Y. Xie, A novel algorithm for rout-
ing paths selection in mesh-based optical networks-on-chips. 
Micromachines 11(11), 996 (2020)

	 5.	 F. Usmani, I. Khan, M.U. Masood, A. Ahmad, M. Shahzad, V. 
Curri, Convolutional neural network for quality of transmission 
prediction of unestablished lightpaths. Microwave Opt. Technol. 
Lett. 63(10), 2461–2469 (2021)

	 6.	 P. Sharma, S. Gupta, V. Bhatia, S. Prakash, Deep reinforcement 
learning-based routing and resource assignment in quantum key 
distribution-secured optical networks. IET Quantum Commun. 4, 
136–145 (2023)

	 7.	 A. D’Amico, E. London, B. Le Guyader, F. Frank, E. Le Rouzic, 
E. Pincemin, N. Brochier, V. Curri, Experimental validation of 
GNPy in a multi-vendor flex-grid flex-rate WDM optical transport 
scenario. J. Opt. Commun. Netw. 14(3), 79–88 (2022)

	 8.	 A. Ferrari, M. Filer, K. Balasubramanian, Y. Yin, E. Le Rouzic, 
J. Kundrát, G. Grammel, G. Galimberti, V. Curri, GNPy: an open 
source application for physical layer aware open optical networks. 
J. Opt. Commun. Netw. 12(6), C31–C40 (2020)

	 9.	 G. Borraccini, S. Straullu, A. Giorgetti, R. Ambrosone, E. Vir-
gillito, A. D’Amico, R. D’Ingillo, F. Aquilino, A. Nespola, N. 
Sambo, F. Cugini, V. Curri, Experimental demonstration of 
partially disaggregated optical network control using the physi-
cal layer digital twin. IEEE Trans. Netw. Serv. Manage. 20(3), 
2343–2355 (2023)

	10.	 A. Agrawal, V. Bhatia, S. Prakash, Low-crosstalk-margin routing 
for spectrally-spatially flexible optical networks. IEEE Commun. 
Lett. 24(4), 835–839 (2019)

	11.	 V. Curri, GNPy model of the physical layer for open and disag-
gregated optical networking. J. Opt. Commun. Netw. 14(6), C92–
C104 (2022)

	12.	 X. Yu, S. Li, Y. Zhao, Y. Cao, A. Nag, J. Zhang, Routing, core and 
wavelength allocation in multi-core-fiber-based quantum-key-dis-
tribution-enabled optical networks. IEEE Access 9, 99842–99852 
(2021)

	13.	 S. Iyer, On routing, modulation format, space and spectrum alloca-
tion with protection in space division multiplexing-based elastic 
optical networks. J. Inf. Telecommun. 4(1), 105–117 (2020)

	14.	 A.N. Khan, Z.H. Khan, K.S. Khattak, A. Hafeez, Joint routing, 
link capacity dimensioning, and switch port optimization for 
dynamic traffic in optical networks. ETRI Journal, vol. 43, no. 5, 
pp: 799–811 (2021).

	15.	 A. Ferrari, M. Filer, E. Le Rouzic, J. Kundrát, B. Correia, K. 
Balasubramanian, Y. Yin, G. Grammel, G. Galimberti, V. Curri, 
GNPy: an open source planning tool for open optical networks. 
In 2020 International Conference on Optical Network Design and 
Modsaeling (ONDM), pp: 1–6, IEEE (2020).

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Route planning and optimization tools for optical networks: a comprehensive analysis
	Abstract 
	Introduction
	Related works
	Optimization-based approaches
	Deep learning-based models
	Other approaches

	GNPy architecture
	Analysis and discussion
	Analysis based on metrics
	Analysis based on platforms
	Analysis regarding complexity
	Analysis regarding block probability
	Techniques employed

	Research gaps and future work
	Conclusion
	References


