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▪ Growing popularity of 
content-oriented services is 
a significant trend observed 
recently in communication 
networks. 

▪ Annual global IP traffic will 
reach 3.3 ZB per year by 
2021
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▪ Worldwide public cloud 
services market revenue is 
projected to grow 18.5% in 
2017 reaching $260.2B, up 
from $219.6B in 2016. 

▪ Infrastructure as a Service 
(IaaS) is projected to grow 
36.6% in 2018 alone
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• Modulation format constraint: In EONs, different modulation formats may be used.
However, there exists a trade-off between reachability and spectrum minimization.
In brief, if we use a high level modulation format to reduce the spectrum cost, the
reachability of the signal will diminish [6].

Figure 3.5: RMSA example

Let’s consider the following example, as shown in Figure 3.5. We want to establish a
connection between node A and node G with bit-rate 400 Gb/s. In the Table 3.1, I present
an example that estimates the transmission reach of an optical signal in a function of the
selected modulation format and transported bit-rate for 400 Gb/s request according to the
physical model from [85]. It is easy to observe that higher modulation formats allows to
save spectrum. On the other hand their transmission reach is lowered.

Table 3.1: Example of spectrum usage and transmission reach for the 400 Gb/s request
and different modulation formats

Modulation Format SE [b/s/Hz] Number of slices Range [km]

BPSK 1 34 1912
QPSK 2 18 1200
8-QAM 3 14 989
16-QAM 4 10 779
32-QAM 5 10 569
64-QAM 6 8 359

The procedures of dynamic RMSA are as follows. First, SDN controller tries to find
the best route to establish a lightpath. Searching for the best routing path, we have
to remember that different modulations have different transmission ranges and spectral
efficiency. Therefore, the designed RMSA algorithm must select a path and modulation
format together, in order to reduce bandwidth blocking percentage. In our example, the
path A-D-E-G is chosen. The total distance between the source and the destination node
is 1850 km. For the case without regenerators, we could only use a BPSK modulation
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format, because of transmission reach limitations. On the other hand, there are available
regenerators in nodes C, D and E, which might be used to regenerate the signal. Therefore,
the path from A to G is divided into the following segments: A-D, D-E and E-G, with
distances of 450 km, 600 km and 800 km, respectively. A regenerator’s usage allows to use
modulation formats with higher spectral efficiency, for example 8-QAM or 16-QAM. Main
options for routing in discussed example are described in Table 3.2.

Table 3.2: Main routing choices for the example situation from Figure 3.5

Path [km] Modulation formats Total number of slices

A-B-C-G [1850] QPSK (A-C), 8-QAM (C-G) 50
A-B-F-C-G [2050] BPSK (A-C), 8-QAM (C-G) 116

A-F-G [2000] Not possible to allocate -
A-D-F-E-G [1950] 32-QAM (A-D), 16-QAM (D-E), 8-QAM (E-G) 44
A-D-E-G [1850] 32-QAM (A-D), 16-QAM (D-E), 8-QAM (E-G) 34
A-F-C-G [2100] BPSK (A-C), 8-QAM (C-G) 82

The RMSA problem may be considered for either static or dynamic scenarios. The
static scenarios concerns network planning, where a set of requests is given in advance.
The time to allocate all static requests is indefinite, therefore the usage of more complex
algorithms and exact optimization methods is available. The goal of the static problem
version is to perform allocation in a criterion-efficient manner. The most popular criteria
are network cost, power consumption and spectrum usage. Concurrently, in the dynamic
scenarios the traffic is unknown before the simulation start. The goal is to provide the
best connectivity for all incoming requests, reducing the bandwidth blocking percentage
and network OPEX costs. In this thesis, the dynamic version of the RMSA problem is
considered.

3.3.2 Network Survivability

Critical services in a telecommunication network should be continuously provided even
when undesirable events like sabotage, natural disasters, or network failures happen. It is
essential to provide virtual connections between peering nodes with certain performance
guarantees such as minimum throughput, maximum delay or loss. It is especially important
for transport networks, where the tremendous amount of data aggregated from a number
of users is transmitted over a long distance (between different cities, countries or even
continents). The design, construction and management of virtual connections, network
infrastructures and service platforms aim at meeting such requirements. The definition
in [112] states:

Survivability is the ability of a network computing system to provide essential services in
the presence of attacks and failures, and recover full services in a timely manner.

Focusing on the survivability in EONs, methods described in [113], [114] and shown in 3.6
should be mentioned.
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▪ Nearest 
▪ Least Utilized 
▪ Cheapest

Single strata optimization Cross-stratum optimization
▪ Hybrid 
▪ Traffic Prediction 

(based on the Monte Carlo Tree Search)



▪ While implementing these approaches is rather 
simple, preliminary simulation results showed 
that they do not scale well and, hence, result in 
high (≥ 1%) blocking percentage of requests 
even in networks with low to moderate traffic 
loads

Single strata optimization
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▪ We consider DC utilization and cost of service in Data 
Center strata 

▪ The optical layer utilization of candidate paths from the 
request source to DCs is considered in optical strata 

▪ We calculate a preference score for every (DC, 
candidate path) pair 

▪ The DC and the path with the highest score are then 
selected for service provisioning.

Cross-stratum optimization - Hybrid algorithm
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▪ At the beginning, the MCTS has a tree that consists only of the root node 
▪ A search tree is first constructed where the root corresponds to the 

current DC and the resource utilization in the network. Since requests 
arrive in batches, we build a decision tree for each request from a batch 

▪ Monte Carlo simulations are executed using the current distribution of 
the DC requests to deepen the search tree up to 5 levels, thus 5 x |S(D)| 
search trees, where |S(D)| is the length of the currently processed 
requests batch 

▪ The decision trees are build in a parallel, we obtain calculated pairs of 
DC and candidate paths for each request in the batch

Cross-stratum optimization - Traffic Prediction
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Networks used in the simulations
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Euro28 network
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Fig. 2: Performance of the algorithms using the Euro28 network topology.

7,000 requests because the network loads did not reach a
steady-state.

V. SIMULATION RESULTS

In this Section, we present experimental results and com-
pare performance of the proposed DC requests provisioning
approaches. Results of Euro28 and US26 scenarios are shown
in Fig. 2 and Fig. 3, respectively. We calculated average:

1) DC resource utilization (see Fig. 2(a)),
2) Optical resource utilization (see Fig. 2(b)),
3) Request blocking percentage (see Fig. 2(c) and Fig. 3),

as a volume of rejected traffic divided by the volume of
the entire traffic offered to the network,

4) Cost per hour of service (see Fig. 2(d)) of the entire
network.

We first analyze the Euro28 network. Hybrid and Traffic
Prediction approaches outperform the remaining three ap-
proaches as shown in Fig. 2. For lower traffic loads (less
than 700 Erlangs), Traffic Prediction, Hybrid, and Cheapest
approaches offer satisfactory performance ( 1% blocking
percentage) as shown in Fig. 2(c).

The Least Utilized DC approach rejects approximately 5%
requests for traffic load of 600 Erlangs. This approach takes
into account only one stratum (DC resources). As shown
in Fig. 2(b), this prevents efficient use of optical resources
because requests are always sent to the least loaded DC,
which may result in sending requests over long distances thus

overutilizing optical fiber resources. As a consequence, the DC
resource utilization is low as shown in Fig. 2(a) while the cost
of such approach is almost twice as high than other approaches
shown in Fig. 2(d).

The Nearest DC approach also performs poorly. However,
it offers more consistent results albeit at unacceptable levels
(� 1% blocking percentage) as shown in Fig. 2(c). This
approach also takes into account only one stratum (optical
resources). By selecting the nearest DC, paths between the
source and destination nodes are shorter by approximately
20% compared to other approaches. However, DC resources
are used inefficiently as shown in Fig. 2(a).

The Cheapest approach offers better performance. It main-
tains acceptable blocking percentage and relatively low cost
for traffic loads below 700 Erlangs as shown in Fig. 2(c) and
Fig. 2(d), respectively. For the traffic load above 850 Erlangs,
the cost of this approach is higher than the Nearest. This is
due to longer distances between source and destination nodes.
These distances are artificially longer because the approach
always tries to establish a connection to the cheapest available
DC. When the traffic load is high, this approach results in
costly decisions because of overloading the cheapest DC at
the beginning of simulations.

The two best approaches are Hybrid and Traffic Prediction.
While Hybrid is slightly cheaper than the Traffic Prediction
approach at higher traffic loads (Fig. 2(d)), Traffic Prediction
outperforms Hybrid approach in terms of blocking percentage
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as shown in Fig. 2(c). Traffic Prediction utilizes DC resources
more efficiently than Hybrid (Fig. 2(a)).

In cases of occasional traffic bursts, the Traffic Prediction
algorithm ensures the best performance and guarantees proper
handling of peaks in traffic load. Moreover, the Traffic Predic-
tion approach preserves the highest residual network capacity.
Hence, a larger number of network requests may be served
without imposing an additional cost.

We also simulated the US26 network. Due to the space
limits, we present only partial results in Fig. 3. The Hybrid
and Traffic Prediction approaches significantly outperform
the other approaches considered in this paper. The other
approaches result in over 5% blocking percentage for low
and above 10% for moderate traffic loads, so we skip high
traffic loads. The performance of these three approaches in
US26 network is inferior to their performance in Euro28
network because the paths between nodes are much longer.
Furthermore, DCs are concentrated in the East and the West
Coasts in US26 network while DCs in the Euro28 network
are more centralized. Hence, because of larger distances, poor
decisions more significantly affect the network performance.
These poor decisions also result in faster depletion of optical
resources and leaving the DCs underutilized. These trends are
similar to those observed in the Euro28 network because both
Hybrid and Traffic Prediction simultaneously optimize use of
resources in two network strata.

300 350 400 450 500 550 600 650 700
0

5

10

15

20

Traffic load (Erlang)

Av
er

ag
e

R
eq

ue
st

B
lo

ck
in

g
Pe

rc
en

ta
ge

(%
)

Traffic Prediction Hybrid Least Utilized Cheapest Nearest

Fig. 3: Performance of the algorithms using the US26 network
topology.

VI. CONCLUSION

We evaluated various approaches to optimize resource al-
location using the Cross-Stratum Optimization architecture.
While simple approaches that consider only one stratum were
unable to deliver required performance, more sophisticated
approaches were able to better coordinate resource allocation
in both strata thus improving network performance. The cost
for using Hybrid approach was slightly lower than the cost
of using the Traffic Prediction approach. However, it resulted
in high request blocking percentage in case of high traffic
loads. The Traffic Prediction approach, albeit delivering a more
costly solution, resulted in low request blocking percentage
and more efficient utilization network resources.

As future works, we plan to investigate a similar problem
with survivability issues included, as well as compare our
algorithms with the ones designed for the classical machine
scheduling.
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7,000 requests because the network loads did not reach a
steady-state.

V. SIMULATION RESULTS
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as a volume of rejected traffic divided by the volume of
the entire traffic offered to the network,

4) Cost per hour of service (see Fig. 2(d)) of the entire
network.

We first analyze the Euro28 network. Hybrid and Traffic
Prediction approaches outperform the remaining three ap-
proaches as shown in Fig. 2. For lower traffic loads (less
than 700 Erlangs), Traffic Prediction, Hybrid, and Cheapest
approaches offer satisfactory performance ( 1% blocking
percentage) as shown in Fig. 2(c).

The Least Utilized DC approach rejects approximately 5%
requests for traffic load of 600 Erlangs. This approach takes
into account only one stratum (DC resources). As shown
in Fig. 2(b), this prevents efficient use of optical resources
because requests are always sent to the least loaded DC,
which may result in sending requests over long distances thus

overutilizing optical fiber resources. As a consequence, the DC
resource utilization is low as shown in Fig. 2(a) while the cost
of such approach is almost twice as high than other approaches
shown in Fig. 2(d).

The Nearest DC approach also performs poorly. However,
it offers more consistent results albeit at unacceptable levels
(� 1% blocking percentage) as shown in Fig. 2(c). This
approach also takes into account only one stratum (optical
resources). By selecting the nearest DC, paths between the
source and destination nodes are shorter by approximately
20% compared to other approaches. However, DC resources
are used inefficiently as shown in Fig. 2(a).

The Cheapest approach offers better performance. It main-
tains acceptable blocking percentage and relatively low cost
for traffic loads below 700 Erlangs as shown in Fig. 2(c) and
Fig. 2(d), respectively. For the traffic load above 850 Erlangs,
the cost of this approach is higher than the Nearest. This is
due to longer distances between source and destination nodes.
These distances are artificially longer because the approach
always tries to establish a connection to the cheapest available
DC. When the traffic load is high, this approach results in
costly decisions because of overloading the cheapest DC at
the beginning of simulations.

The two best approaches are Hybrid and Traffic Prediction.
While Hybrid is slightly cheaper than the Traffic Prediction
approach at higher traffic loads (Fig. 2(d)), Traffic Prediction
outperforms Hybrid approach in terms of blocking percentage
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as shown in Fig. 2(c). Traffic Prediction utilizes DC resources
more efficiently than Hybrid (Fig. 2(a)).

In cases of occasional traffic bursts, the Traffic Prediction
algorithm ensures the best performance and guarantees proper
handling of peaks in traffic load. Moreover, the Traffic Predic-
tion approach preserves the highest residual network capacity.
Hence, a larger number of network requests may be served
without imposing an additional cost.

We also simulated the US26 network. Due to the space
limits, we present only partial results in Fig. 3. The Hybrid
and Traffic Prediction approaches significantly outperform
the other approaches considered in this paper. The other
approaches result in over 5% blocking percentage for low
and above 10% for moderate traffic loads, so we skip high
traffic loads. The performance of these three approaches in
US26 network is inferior to their performance in Euro28
network because the paths between nodes are much longer.
Furthermore, DCs are concentrated in the East and the West
Coasts in US26 network while DCs in the Euro28 network
are more centralized. Hence, because of larger distances, poor
decisions more significantly affect the network performance.
These poor decisions also result in faster depletion of optical
resources and leaving the DCs underutilized. These trends are
similar to those observed in the Euro28 network because both
Hybrid and Traffic Prediction simultaneously optimize use of
resources in two network strata.
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Fig. 3: Performance of the algorithms using the US26 network
topology.

VI. CONCLUSION

We evaluated various approaches to optimize resource al-
location using the Cross-Stratum Optimization architecture.
While simple approaches that consider only one stratum were
unable to deliver required performance, more sophisticated
approaches were able to better coordinate resource allocation
in both strata thus improving network performance. The cost
for using Hybrid approach was slightly lower than the cost
of using the Traffic Prediction approach. However, it resulted
in high request blocking percentage in case of high traffic
loads. The Traffic Prediction approach, albeit delivering a more
costly solution, resulted in low request blocking percentage
and more efficient utilization network resources.

As future works, we plan to investigate a similar problem
with survivability issues included, as well as compare our
algorithms with the ones designed for the classical machine
scheduling.
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Fig. 2: Performance of the algorithms using the Euro28 network topology.

7,000 requests because the network loads did not reach a
steady-state.

V. SIMULATION RESULTS

In this Section, we present experimental results and com-
pare performance of the proposed DC requests provisioning
approaches. Results of Euro28 and US26 scenarios are shown
in Fig. 2 and Fig. 3, respectively. We calculated average:

1) DC resource utilization (see Fig. 2(a)),
2) Optical resource utilization (see Fig. 2(b)),
3) Request blocking percentage (see Fig. 2(c) and Fig. 3),

as a volume of rejected traffic divided by the volume of
the entire traffic offered to the network,

4) Cost per hour of service (see Fig. 2(d)) of the entire
network.

We first analyze the Euro28 network. Hybrid and Traffic
Prediction approaches outperform the remaining three ap-
proaches as shown in Fig. 2. For lower traffic loads (less
than 700 Erlangs), Traffic Prediction, Hybrid, and Cheapest
approaches offer satisfactory performance ( 1% blocking
percentage) as shown in Fig. 2(c).

The Least Utilized DC approach rejects approximately 5%
requests for traffic load of 600 Erlangs. This approach takes
into account only one stratum (DC resources). As shown
in Fig. 2(b), this prevents efficient use of optical resources
because requests are always sent to the least loaded DC,
which may result in sending requests over long distances thus

overutilizing optical fiber resources. As a consequence, the DC
resource utilization is low as shown in Fig. 2(a) while the cost
of such approach is almost twice as high than other approaches
shown in Fig. 2(d).

The Nearest DC approach also performs poorly. However,
it offers more consistent results albeit at unacceptable levels
(� 1% blocking percentage) as shown in Fig. 2(c). This
approach also takes into account only one stratum (optical
resources). By selecting the nearest DC, paths between the
source and destination nodes are shorter by approximately
20% compared to other approaches. However, DC resources
are used inefficiently as shown in Fig. 2(a).

The Cheapest approach offers better performance. It main-
tains acceptable blocking percentage and relatively low cost
for traffic loads below 700 Erlangs as shown in Fig. 2(c) and
Fig. 2(d), respectively. For the traffic load above 850 Erlangs,
the cost of this approach is higher than the Nearest. This is
due to longer distances between source and destination nodes.
These distances are artificially longer because the approach
always tries to establish a connection to the cheapest available
DC. When the traffic load is high, this approach results in
costly decisions because of overloading the cheapest DC at
the beginning of simulations.

The two best approaches are Hybrid and Traffic Prediction.
While Hybrid is slightly cheaper than the Traffic Prediction
approach at higher traffic loads (Fig. 2(d)), Traffic Prediction
outperforms Hybrid approach in terms of blocking percentage
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as shown in Fig. 2(c). Traffic Prediction utilizes DC resources
more efficiently than Hybrid (Fig. 2(a)).

In cases of occasional traffic bursts, the Traffic Prediction
algorithm ensures the best performance and guarantees proper
handling of peaks in traffic load. Moreover, the Traffic Predic-
tion approach preserves the highest residual network capacity.
Hence, a larger number of network requests may be served
without imposing an additional cost.

We also simulated the US26 network. Due to the space
limits, we present only partial results in Fig. 3. The Hybrid
and Traffic Prediction approaches significantly outperform
the other approaches considered in this paper. The other
approaches result in over 5% blocking percentage for low
and above 10% for moderate traffic loads, so we skip high
traffic loads. The performance of these three approaches in
US26 network is inferior to their performance in Euro28
network because the paths between nodes are much longer.
Furthermore, DCs are concentrated in the East and the West
Coasts in US26 network while DCs in the Euro28 network
are more centralized. Hence, because of larger distances, poor
decisions more significantly affect the network performance.
These poor decisions also result in faster depletion of optical
resources and leaving the DCs underutilized. These trends are
similar to those observed in the Euro28 network because both
Hybrid and Traffic Prediction simultaneously optimize use of
resources in two network strata.
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Fig. 3: Performance of the algorithms using the US26 network
topology.

VI. CONCLUSION

We evaluated various approaches to optimize resource al-
location using the Cross-Stratum Optimization architecture.
While simple approaches that consider only one stratum were
unable to deliver required performance, more sophisticated
approaches were able to better coordinate resource allocation
in both strata thus improving network performance. The cost
for using Hybrid approach was slightly lower than the cost
of using the Traffic Prediction approach. However, it resulted
in high request blocking percentage in case of high traffic
loads. The Traffic Prediction approach, albeit delivering a more
costly solution, resulted in low request blocking percentage
and more efficient utilization network resources.

As future works, we plan to investigate a similar problem
with survivability issues included, as well as compare our
algorithms with the ones designed for the classical machine
scheduling.
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Fig. 2: Performance of the algorithms using the Euro28 network topology.

7,000 requests because the network loads did not reach a
steady-state.

V. SIMULATION RESULTS

In this Section, we present experimental results and com-
pare performance of the proposed DC requests provisioning
approaches. Results of Euro28 and US26 scenarios are shown
in Fig. 2 and Fig. 3, respectively. We calculated average:

1) DC resource utilization (see Fig. 2(a)),
2) Optical resource utilization (see Fig. 2(b)),
3) Request blocking percentage (see Fig. 2(c) and Fig. 3),

as a volume of rejected traffic divided by the volume of
the entire traffic offered to the network,

4) Cost per hour of service (see Fig. 2(d)) of the entire
network.

We first analyze the Euro28 network. Hybrid and Traffic
Prediction approaches outperform the remaining three ap-
proaches as shown in Fig. 2. For lower traffic loads (less
than 700 Erlangs), Traffic Prediction, Hybrid, and Cheapest
approaches offer satisfactory performance ( 1% blocking
percentage) as shown in Fig. 2(c).

The Least Utilized DC approach rejects approximately 5%
requests for traffic load of 600 Erlangs. This approach takes
into account only one stratum (DC resources). As shown
in Fig. 2(b), this prevents efficient use of optical resources
because requests are always sent to the least loaded DC,
which may result in sending requests over long distances thus

overutilizing optical fiber resources. As a consequence, the DC
resource utilization is low as shown in Fig. 2(a) while the cost
of such approach is almost twice as high than other approaches
shown in Fig. 2(d).

The Nearest DC approach also performs poorly. However,
it offers more consistent results albeit at unacceptable levels
(� 1% blocking percentage) as shown in Fig. 2(c). This
approach also takes into account only one stratum (optical
resources). By selecting the nearest DC, paths between the
source and destination nodes are shorter by approximately
20% compared to other approaches. However, DC resources
are used inefficiently as shown in Fig. 2(a).

The Cheapest approach offers better performance. It main-
tains acceptable blocking percentage and relatively low cost
for traffic loads below 700 Erlangs as shown in Fig. 2(c) and
Fig. 2(d), respectively. For the traffic load above 850 Erlangs,
the cost of this approach is higher than the Nearest. This is
due to longer distances between source and destination nodes.
These distances are artificially longer because the approach
always tries to establish a connection to the cheapest available
DC. When the traffic load is high, this approach results in
costly decisions because of overloading the cheapest DC at
the beginning of simulations.

The two best approaches are Hybrid and Traffic Prediction.
While Hybrid is slightly cheaper than the Traffic Prediction
approach at higher traffic loads (Fig. 2(d)), Traffic Prediction
outperforms Hybrid approach in terms of blocking percentage
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as shown in Fig. 2(c). Traffic Prediction utilizes DC resources
more efficiently than Hybrid (Fig. 2(a)).

In cases of occasional traffic bursts, the Traffic Prediction
algorithm ensures the best performance and guarantees proper
handling of peaks in traffic load. Moreover, the Traffic Predic-
tion approach preserves the highest residual network capacity.
Hence, a larger number of network requests may be served
without imposing an additional cost.

We also simulated the US26 network. Due to the space
limits, we present only partial results in Fig. 3. The Hybrid
and Traffic Prediction approaches significantly outperform
the other approaches considered in this paper. The other
approaches result in over 5% blocking percentage for low
and above 10% for moderate traffic loads, so we skip high
traffic loads. The performance of these three approaches in
US26 network is inferior to their performance in Euro28
network because the paths between nodes are much longer.
Furthermore, DCs are concentrated in the East and the West
Coasts in US26 network while DCs in the Euro28 network
are more centralized. Hence, because of larger distances, poor
decisions more significantly affect the network performance.
These poor decisions also result in faster depletion of optical
resources and leaving the DCs underutilized. These trends are
similar to those observed in the Euro28 network because both
Hybrid and Traffic Prediction simultaneously optimize use of
resources in two network strata.
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Fig. 3: Performance of the algorithms using the US26 network
topology.

VI. CONCLUSION

We evaluated various approaches to optimize resource al-
location using the Cross-Stratum Optimization architecture.
While simple approaches that consider only one stratum were
unable to deliver required performance, more sophisticated
approaches were able to better coordinate resource allocation
in both strata thus improving network performance. The cost
for using Hybrid approach was slightly lower than the cost
of using the Traffic Prediction approach. However, it resulted
in high request blocking percentage in case of high traffic
loads. The Traffic Prediction approach, albeit delivering a more
costly solution, resulted in low request blocking percentage
and more efficient utilization network resources.

As future works, we plan to investigate a similar problem
with survivability issues included, as well as compare our
algorithms with the ones designed for the classical machine
scheduling.
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as shown in Fig. 2(c). Traffic Prediction utilizes DC resources
more efficiently than Hybrid (Fig. 2(a)).

In cases of occasional traffic bursts, the Traffic Prediction
algorithm ensures the best performance and guarantees proper
handling of peaks in traffic load. Moreover, the Traffic Predic-
tion approach preserves the highest residual network capacity.
Hence, a larger number of network requests may be served
without imposing an additional cost.

We also simulated the US26 network. Due to the space
limits, we present only partial results in Fig. 3. The Hybrid
and Traffic Prediction approaches significantly outperform
the other approaches considered in this paper. The other
approaches result in over 5% blocking percentage for low
and above 10% for moderate traffic loads, so we skip high
traffic loads. The performance of these three approaches in
US26 network is inferior to their performance in Euro28
network because the paths between nodes are much longer.
Furthermore, DCs are concentrated in the East and the West
Coasts in US26 network while DCs in the Euro28 network
are more centralized. Hence, because of larger distances, poor
decisions more significantly affect the network performance.
These poor decisions also result in faster depletion of optical
resources and leaving the DCs underutilized. These trends are
similar to those observed in the Euro28 network because both
Hybrid and Traffic Prediction simultaneously optimize use of
resources in two network strata.
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Fig. 3: Performance of the algorithms using the US26 network
topology.

VI. CONCLUSION

We evaluated various approaches to optimize resource al-
location using the Cross-Stratum Optimization architecture.
While simple approaches that consider only one stratum were
unable to deliver required performance, more sophisticated
approaches were able to better coordinate resource allocation
in both strata thus improving network performance. The cost
for using Hybrid approach was slightly lower than the cost
of using the Traffic Prediction approach. However, it resulted
in high request blocking percentage in case of high traffic
loads. The Traffic Prediction approach, albeit delivering a more
costly solution, resulted in low request blocking percentage
and more efficient utilization network resources.

As future works, we plan to investigate a similar problem
with survivability issues included, as well as compare our
algorithms with the ones designed for the classical machine
scheduling.
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as shown in Fig. 2(c). Traffic Prediction utilizes DC resources
more efficiently than Hybrid (Fig. 2(a)).

In cases of occasional traffic bursts, the Traffic Prediction
algorithm ensures the best performance and guarantees proper
handling of peaks in traffic load. Moreover, the Traffic Predic-
tion approach preserves the highest residual network capacity.
Hence, a larger number of network requests may be served
without imposing an additional cost.

We also simulated the US26 network. Due to the space
limits, we present only partial results in Fig. 3. The Hybrid
and Traffic Prediction approaches significantly outperform
the other approaches considered in this paper. The other
approaches result in over 5% blocking percentage for low
and above 10% for moderate traffic loads, so we skip high
traffic loads. The performance of these three approaches in
US26 network is inferior to their performance in Euro28
network because the paths between nodes are much longer.
Furthermore, DCs are concentrated in the East and the West
Coasts in US26 network while DCs in the Euro28 network
are more centralized. Hence, because of larger distances, poor
decisions more significantly affect the network performance.
These poor decisions also result in faster depletion of optical
resources and leaving the DCs underutilized. These trends are
similar to those observed in the Euro28 network because both
Hybrid and Traffic Prediction simultaneously optimize use of
resources in two network strata.
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Fig. 3: Performance of the algorithms using the US26 network
topology.

VI. CONCLUSION

We evaluated various approaches to optimize resource al-
location using the Cross-Stratum Optimization architecture.
While simple approaches that consider only one stratum were
unable to deliver required performance, more sophisticated
approaches were able to better coordinate resource allocation
in both strata thus improving network performance. The cost
for using Hybrid approach was slightly lower than the cost
of using the Traffic Prediction approach. However, it resulted
in high request blocking percentage in case of high traffic
loads. The Traffic Prediction approach, albeit delivering a more
costly solution, resulted in low request blocking percentage
and more efficient utilization network resources.

As future works, we plan to investigate a similar problem
with survivability issues included, as well as compare our
algorithms with the ones designed for the classical machine
scheduling.
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▪ Cross-stratum optimization algorithms were able to better 
coordinate resource allocation in both strata thus 
improving network performance  

▪ The cost for using Monte Carlo Tree Search is slightly 
higher than the other approaches 

▪ The Traffic Prediction approach, albeit delivering a more 
costly solution, resulted in low request blocking percentage 
and more efficient utilization network resources 
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