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Abstract—Internet access is crucial to the human society as
a platform for several services to the users. Despite this impor-
tance, the Internet suffers limitations that compromise Quality
of Service (QoS) guarantees. Thus, Internet Service Providers
(ISPs) need to evolve, adding new technologies and management
strategies to their infrastructure. A promising approach is the
slicing of network resources among clients and delivered services,
where reliability and elastic resource demand through the day
are key issues. Within this context, this paper presents an
algorithm called Reliable Reuse Encourage (R-REENC), which
defines network slices based on bandwidth requirements and
the desired reliability for the clients. The results suggest that
the proposed algorithm allocates more suitable slices than other
existing approaches.

Index Terms—Slicing, Elasticity, Resource Demand, Internet
Service Providers

I. INTRODUCTION

Internet Service Providers (ISPs) have a crucial role in
the modern life, since Internet Access Service (IAS) is
nowadays essential in the sense it supports applications in
a range of areas, such as public services, security, industry,
and entertainment. Due to this importance, ISPs extended
their Internet access alternatives, providing different access
networks (wireless/wired) for their clients (enterprises, small
companies, home networks, third party service providers,
directly to final users, etc) [1]. The access networks of an
ISP are interconnected by a common edge network, which is
the previous step before reaching the core of Internet [2].

Specific types of access network may present singular char-
acteristics. However, regardless of their type, they deal with re-
quirements such as low delay, Bandwidth (Bw) demands, relia-
bility, and others. All these requirements have direct impact on
the Quality of Service (QoS) and Quality of Experience (QoE)
of the delivered IAS [3]. Based on this scenario, Network
Virtualization (NV), Software Defined Network (SDN), and
Network Function Virtualization (NFV) arose as promising
technologies to overcome the existing limitations [4]. The
simultaneous applications of these technologies enable the
splitting of network resources into slices, where each network
slice can have the most suitable configuration to better meet
the client’s requirements [5]. A network slice is a logical
isolated network on the top of a physical (or virtual) network,
being dynamically and independently managed [6]. Therefore,

a network slice is suitable to support a specific service delivery
or even individual clients [1].

In general, Internet users become frustrated when they
experience problems such as high delays, constant disconnec-
tions, and slowness in their applications. Thus, ISPs need to
guarantee a certain quality to their IAS. The IAS is specified
in a Service Level Agreement (SLA), defining the client
requirements to be met by the ISP [3]. Reliability is a crucial
requirement to be met by ISPs, since it affects the availability
of the IAS. Reliability can be defined as the probability of the
IAS to maintain the communication capacity when failures
occur in the physical network infrastructure [7]. Reliability
fulfillment is related not only to reactive actions to address
post-failure impact, but also pre-failure strategic planning.
Therefore, an ISP should deploy the IAS planning to mitigate
a possible impact in the QoS/QoE of the clients in face of
network failures.

An important point for ISPs to keep the quality of IAS is
the elastic demand for network resources throughout the day,
which occurs because of the human mobility within cities. In
this scenario, ISPs need to expand or to shrink the bandwidth
allocation dynamically (elastic behavior), allowing a suitable
on demand IAS. A key task to provide elastic services is the
slice allocation, i.e., the definition of which network elements
(links and nodes) will compose each slice. Thus, the allocation
task is part of the strategic planning to deploy the slices based
on the identified demand. Furthermore, ISPs need to consider
potential changes necessary in the slice structure to keep it
suitable to meet the elastic demand, resulting in an adaptation
in the slice structure (i.e., modification of network elements
of the slice). The execution of an adaptation causes an impact
under the network infrastructure performance [5].

Therefore, ISPs should take into account the best set of
slices (each by the defined period of the day) to address the
elastic demand. Nevertheless, this slice allocation task has no
standard to deal with aspects of elastic demand and reliability
simultaneously.

Within this context, this paper presents the Reliable Reuse
Encourage (R-REENC) algorithm, which allocates network
slices considering the Bw requested by the clients during the
day and the minimum reliability required in the SLA. The
goal of R-REENC is to define the most suitable configuration
of network slices to decrease the network resource utilization978-1-7281-4973-8/20/$31.00 c© 2020 IEEE



while it encourages the reuse of network elements from
previous slices when a new demand is being processed (aiming
to minimize the number of adaptations). In order to ensure
the reliability requirements, the R-REENC algorithm applies
a relative disjoint path strategy, searching for alternative paths
until it reaches the desired reliability for the slice.

The performance of R-REENC was evaluated and compared
with an existing approach to allocate network slices that
performs the definition of network slices individually, called
Per Time Calculation (PETIC) [8]. The results suggest that the
proposed algorithm defines suitable network slices, enhancing
the Bw usage, minimizing the number of adaptations and
mitigating the impact of physical failures in the IAS quality.

The remainder of this paper is organized as follows. Section
II describes the context of this paper, while Section III presents
the related work found in the literature. Section IV introduces
the proposed algorithm. Section V presents the results of
the experiments performed. Finally, Section VI concludes the
paper and presents future work.

II. CONTEXT DESCRIPTION

ISPs need to improve their service delivery to clients, since
new network requirements arose in the last years due to the
plethora of different applications that appeared recently. In this
scenario, reliability, flexibility and isolation are key features
to enhance QoS and QoE considering singularities in service
requirements. One possible approach to address this scenario
is the integration of SDN, NV, and NFV.

This integration creates customizable network slices from
the network infrastructure, supporting and providing specific
services. A network slice is linked to an SDN controller,
which deploys the network applications via northbound pro-
tocols and communicates with NFV MANO to improve the
deployment and connection of network services [6], [1]. Thus,
each network slice can deploy network functions according to
the characteristics described in the SLA. The slicing of the
network infrastructure allows flexibility due to the capacity
of the ISP (with a network hypervisor) to dynamically adjust
the network slices characteristics, shaping it according to the
current service demand.

The configuration of a network slice contains some param-
eters that specify metrics to be considered in the allocation.
The metric considered in this paper is the Bandwidth. It is
important to notice that the context described is independent
of the underlying transport network technologies used by the
ISP, where the SDN technology and the network hypervisor
are suitable approaches [9], [10].

Figure 1 shows an example of the described scenario, where
three network slices are deployed to three different clients
over the same network infrastructure (which has 100Mbps of
available bandwidth in each link). Initially, each network slice
is configured according to the characteristics of the demand
and workload (Figure 1(a)), and later the slice is adapted to
the new demand for the nighttime (Figure 1(b)).

In Figure 1, the ISP allocates Slice-A, Slice-B and Slice-C
for Client-A, Client-B and Client-C, respectively. Each slice

(a) Resource demand during the day.

(b) Resource demand during the night.

Fig. 1. Example of Scenario

is configured based on the SLA deployed between clients
and the ISP (one SLA per client), where the requirements
of the service delivery are specified, including the bandwidth
required by the client during the day. Therefore, the resource
demand from clients changes through the day, characterizing
an elastic demand of network resources.

In the example, Client-A negotiates an SLA with the ISP
to interconnect nodes 7 and 3, and it deploys Slice-A (yellow)
that has 40 Mbps during the day (Figure 1(a)) and 20 Mbps
in the night (Figure 1(b)). In the same way, the ISP applies
Slice-B (green) with 30 Mbps and 60 Mbps for the morning
and night, respectively (as shown in Figure 1). Finally, Slice-
C (blue) is modelled following the same idea, initially having
20 Mbps and later 70 Mbps. Thus, the ISP meets the resource
demand for elastic bandwidth which occurs throughout the day
according to the characteristics of the client.

An algorithm must be applied to define which components
of the network will be part of each slice being deployed,
following the requirements of the clients and the resource
availability in the network infrastructure (such as available
bandwidth). Besides the bandwidth, another important issue
that should be considered is the adaptation of the network
components (nodes and/or links) to deploy the slice. Adapta-



tions occur when a link does not have the requested bandwidth
or it is considered not suitable (i.e, it compromises the network
infrastructure performance). Therefore, the ISP needs to adjust
the previously allocated slice to meet the new requirements for
the currently period of time. This scenario is represented in
Figure 1. In the beginning of the day (Figure 1(a)), Slices A,
B, and C have an initial configuration for the respectively time
of day. Later, the slices are adjusted, modifying their structure,
since they do not have enough bandwidth.

The nighttime bandwidth demand of clients A, B, and C
(20 Mbps, 60 Mbps and 70 Mbps, respectively) exceeds the
available bandwidth necessary in the link between nodes 3 and
6 (100 Mbps), which is part of their slices. Therefore, the ISP
adjusts the structure of the slices to meet the requirement of
its clients for the period of the day. In the example, the ISP
maintains part of the structure of slices, adding and removing
a few links. The behavior of the algorithm used to decide how
to adapt a slice impacts directly the number of adaptations, the
bandwidth usage, and the energy consumption of the network
infrastructure, since frequently allocating a link will quickly
saturate it (fact that could compromise future slice allocations
due to lack of links availables) and still affects the energy
efficiency of the ISP.

Regarding reliability, this paper considers that, at any time
and any place, single failure of a network elements happens
randomly and independently from each other (following a
probability previously known). Thus, each network elements
can be in one of two states: operational or failed. The failure
of a link means that it is removed from the network, while the
failure of a node means that the node and all the links related
to it are removed.

Based on this scenario, this paper presents an algorithm
to perform network slices allocation, following the elastic
bandwidth demand during the day considering reliability con-
straints. Additionally, the algorithm considers requirements of
the client (bandwidth requested through the day), as well as
the adaptation impact over the network infrastructure.

III. RELATED WORK

This section discusses a few crucial papers regarding re-
source management, network slicing, NV, NFV, and SDN.
Table I summarizes the papers discussed, highlighting the
difference between them and our proposal. Each column of
Table I points out a feature of each paper: Context indicates the
network environment of the papers, while Focus summarizes
the problem addressed in the paper.

Son et al. [11] propose a mechanism to provide network
resources for Virtual Network Functions (VNFs) deployment,
adapting to dynamically changing network volumes. This
proposal considers the latency requirement of different appli-
cations in the service function chain, enabling the latency-
sensitive applications to minimize the end-to-end network de-
lay. Nevertheless, this proposal is limited to resource provision
for VNFs, disregarding reliability and adaptation issues.

Leconte et al. [12] present a framework to optimally dis-
tributed cloud infrastructures interconnected by SDN. This

framework allows the network resource allocation for slices
both in terms of Bw and cloud processing. This framework
includes an algorithm to reach the optimal resource allocation.
However, this proposal does not consider the elastic demand
of network resources throughout the day, as well as reliability
issues.

Caballero et al. [13] describe the NEtwork Slicing (NES)
framework to maintain the system in a Nash equilibrium,
considering resource allocation and a user dropping method
(based on an admission control policy). The NES framework
applies the admission control to guarantee that slices can
satisfy the rate requirements of all their users. Nevertheless,
NES does not consider a strategic planning approach to define
the slices structures nor the adaptations necessary on them.

Kwak et al. [14] propose a wireless network virtualization
framework for long time-scale dynamic resource allocations,
encompassing the coexistence of different services in a single
wireless network infrastructure. The authors differentiate two
services by analyzing objectives and constraints to successfully
allocate the resources. It focuses on scheduling and power
control for IoT services and for video streaming services.
Although this paper takes into account the time of day to slice
the network, it does not consider reliability constraints and it
is restricted to wireless networks.

Han et al. [15] define a system to guarantee Bw in an
application-aware end-to-end (E2E) slices definition. More-
over, this system applies the idea of software-defined wireless
and NFV. However, this paper is not concerned about relia-
bility and different periods of the day, nor with the possible
impacts of the strategic planning during the slices definition.

Wang et al. [16] formulated a Slice Provider’s Problem
(SPP) to maximize the resource efficiency focusing on the
profit of service providers and a Slice Customer’s Problem
(SCP) to maximize the profit of individual service customers.
Nevertheless, this paper does not take into consideration the
time of the day when slicing the network and the reliability
of the slices for the service provision.

TABLE I
RELATED WORK

Reference Context Focus

Son et al. [11] NFV Dynamic resource provision for
VNFs

Leconte et al. [12] SDN Optimization framework for
Clouds in SDN

Caballero et al. [13] Wireless Framework for Nash equilibrium
Kwak et al. [14] Wireless Dynamic resource allocation
Han et al. [15] E2E On-demand application-aware

end-to-end slices
Wang et al. [16] 5G Maximize profit and resource ef-

ficiency
This work ISP Reliability and elastic Bw

To the best of our knowledge, no work in the literature
aims to develop an algorithm to allow ISPs to deal with the
elastic bandwidth that occurs during the day, while reducing
the number of slices adaptations and improving the reliability
of the IAS. Therefore, the proposal of this paper evolves the
existing approaches of network slice allocation to address the
new requirements of the ISPs.



IV. PROPOSAL

This section details the proposed R-REENC algorithm, as
well as all the basic information necessary to understand its
design and execution. In this way, it was split into three
subsections to describe the problem to be addressed, the
operation of the proposed algorithm, and methods applied by
R-REENC. Table II summarizes the notation applied through
this section.

TABLE II
NOTATION

Symbol Description
G Graph representing the network infrastructure

G = (N,L)

G Graph with part of the network elements in G
N = {n1, .., nk} Set of k nodes.
L = {l1, .., lm} Set of m links.
l link between two nodes
lw,t cost / weight of link l in period of time t
lBw,t available bandwidth Bw in the period of time t

of link l
Bwc,t bandwidth required by the client c for the time

slot t
C set of c client’s active SLAs with the ISP. There-

fore, C = {c1, .., cc}
T s allocation time periods defined in the SLA by

the clients (T = {t1, .., ts})
t specific period of time in T
c the client’s edge point to the ISP
F set of network slices that need to be allocated to

attend the clients of the ISP
Fi,t represents the network slice for client i in period

t

Fi,t set of additional network elements to Fi,t

Si minimum reliability requested to the network slice
of client i

Ri,t reliability of network slice Fi,t

ε constant close to zero
p percentage of redundancy (0 6 p 6 1)
W best cost during the search process

A. Reliable Reuse Encourage (R-REENC)

In this section the R-REENC algorithm is presented. It aims
to define a network slice (Fi,t) for each period of time (t in
T ) according to the Bw demand (Bwc,t) and the minimum
reliability (Sc) requested by the client (c). The principle of
R-REENC is to find the most suitable network slice structure,
while it encourages the reuse of the previous network slice.
An overview of R-REENC is shown in Algorithm 1.

Set T is used to model the periods of time in which the
client wants to specify a Bw demand. These values can be
fixed, predicted by the ISP, dynamically requested by the
client, or a hybrid approach. Thus, the R-REENC algorithm
only needs a Bw demand (Bwc,t) to be allocated, regardless
its origin. In the same way, R-REENC is capable to work with
all possible sizes of T . This fact eases the client to model T
according to his reality, i.e., T can model: each hour of the
day, providing 24 values (T = {t1, .., t24}); several minutes,
for example 48 values representing 30 minutes, etc.

Basically, R-REENC analyzes a request of the client c,
passing through the T periods of time. The variable p is
responsible for the redundancy control, i.e., determining how
many links need to be updated. p is incremented in the end

of each iteration to analyze the possible configurations. To
update a link means to assign a weight (lw) of ε (a quantity
close to zero) to avoid the use of a link in the next step of the
allocation.

This situation can be exemplified in the following cases: (I)
p = 0 means no redundancy, i.e., the generated network slice
will have just one path to interconnect the nodes; (II) p = 1 is
the full redundancy case, i.e., the network slice will have two
fully disjoint paths to interconnect the nodes; (III) p = 0.5 is
the case where half of the links in the primary path will also
compose the secondary path.

Algorithm 1 presents the steps performed during R-REENC
execution. Firstly, between lines 3 and 9, the weights for the
links (lw,t) for the period of time T are assigned. The function
applied in line 7 aims to avoid the saturation of the Bw in the
links, as well as enables the increase of the allocation in cases
of higher Bw demand in the next period of time. This function
was originally proposed in [8], where more details about its
behavior are provided.

Regarding the suitability of links, if the previous net-
work slice allocated can be used as a basis (i.e., the links
have the Bw demand), the reuse of these links is encour-
aged by assigning a weight close to zero (ε) by function
UpdateSlice(Graph, NetworkSlice ,Redundancy ). This
reuse approach decreases the number of adaptations necessary
in the network slices structure and, consequently, the impact
of these adaptations in the network infrastructure performance.

Line 10 executes the Search(Graph, Request) function
to find the most suitable path in the network infrastructure.
The details of Search(Graph,Request) function will be
presented in Section IV-B. From this function, the R-REENC
algorithm has two possible situations: (i) a base structure for
Fc,t is defined; or, (ii) the search for a suitable path failed,
since the network infrastructure does not have the Bw demand
(verified between lines 12 and 14).

When the network slice Fc,t is successfully defined (i.e.,
it meets Bc,t), it is checked if Fc,t reaches the minimum
reliability for client c (Rc,t > Sc). If this is the case, Fc,t is
included in the set F (line 23), otherwise the reliability strat-
egy is applied (from line 14 to 19). The reliability calculation
method used is presented in Section IV-C.

The reliability strategy aims to add alternative relative
disjoint paths regarding Fc,t, where the redundancy of Fc,t

is incrementally increased (controlled by variable p). In line
17, the definition of the alternative paths for the network slice
is performed, creating Fc,t . In the end, both Fc,t and Fc,t

are merged, verifying if this new network slice structure is
capable of reaching the desired reliability (Sc).

In nutshell, the reliability strategy increases the connectivity
alternatives of the network slice until it reaches the full
redundancy (p = 1). This approach aims to limit the Bw
consumed, since the allocation of many links in the network
slice tends to saturate the network resources of the physical
infrastructure.

Regarding the time complexity, the search process (detailed
in Section IV-B) is O(k log k), the slice links update is



Algorithm 1 R-REENC
Require: Requests of client C and Network Infrastructure G
Ensure: Set of Network Slices F

1: for all Request c ∈ C do
2: for all Period t ∈ T do
3: for all Link l ∈ L do
4: if l ∈ Fc,t−1 and (lBw,t−1 ¡ Bc,t) then
5: lw,t = ε; . l can be used in period t
6: else
7: lw,t = exp

(
lBw,t

Bwt

)
;

8: end if
9: end for

10: Fc,t = Search(G, c);
11: if Fc,t == Fail then
12: return Fail; . Bw for client c cannot be met
13: else
14: while Rc,t < Sc and p ≤ 1 do . Redundancy
6= Full

15: p += 0.25;
16: G = UpdateSlice(G, Fc,t , p );
17: Fc,t = Search(G, c);
18: Fc,t += Fc,t;
19: end while
20: if Rc,t < Sc then
21: return Fail; . Reliability for client c

cannot be met
22: else
23: F.incluir(Fc,t);
24: end if
25: end if
26: end for
27: end for
28: return F ; . Set of Network Slices

O(m) and the reliability calculation method (described in
Section IV-C) is O(k2m + km logm), where k and m are
the number of nodes and links in the network infrastructure.
Thus, Algorithm 1 has the complexity of O(k2m+km logm),
representing that the dominant part of the computation time is
the reliability calculation. From this fact, t is worth to mention
that the algorithm proposed in this paper is agnostic of the reli-
ability calculation method, i.e., different reliability calculation
methods can be utilized with the proposed algorithm.

B. Search Process

An important part of R-REENC algorithm is the search
process (lines 10 and 17 of Algorithm 1), which is presented
in Algorithm 2. This algorithm was originally proposed in
reference [8] to find suitable paths inside a network topology
according to link weights (lw,t).

In the first steps, the set of nodes to be analyzed is defined,
excluding the initial node (the client’s edge point to the ISP).
Next, from lines 2 to 8, the cost of the links are assigned,
where W represents the cost to reach each node in the
physical network. The neighbors of client c receive the cost

lw,t (computed by the function getLinkInfo(Node, Node)),
while ∞ (infinity) is assigned to the remaining neighbors.
Between lines 9 and 22 the search process is performed,
aiming to find the set of links that are most suitable to the
requirements for the network slice.

Algorithm 2 Search Process
Require: Network Infrastructure G and Client Request c
Ensure: Slice f or Fail

1: S = N − {c};
2: for all Node j ∈ S do
3: Wj =∞;
4: l = getLinkInfo(c, j);
5: if ((lw,t <∞) and (lBw,t ≥ Bwc,t)) then
6: Wj = lw,t;
7: end if
8: end for
9: while S not empty do

10: Node Min = lower( W );
11: l = getLinkInfo(c,Min);
12: if (lBw,t < Bwc,t) then
13: return Fail . Can not meet the requirements;
14: end if
15: S′ = S′ − {Min};
16: for all Node j ∈ S′ do
17: l = getLinkInfo(Min, j);
18: if ((lw,t < ∞) and (Wj > WMin + lw, t) and

(lBw,t > Bwc,t) ) then
19: Wj = WMin + lw,t;
20: end if
21: end for
22: end while
23: Slice f = sliceBuilding(W )
24: return f . Containing the configuration of the slice

Between lines 15 and 21 the algorithm iterates through the
set of unprocessed nodes S′ verifying if the current best cost
node (Min obtained by the lower function) can be used to
reach other nodes with lower cost. If Min does not have the
requested Bw for the period (Bwc,t), the algorithm checks
that it can not meet the client requirements, then the search
process is interrupted (line 13). When the most suitable node is
identified, the algorithm travels through every node verifying
if the Min node can reach the other nodes with a lower cost
(Wj > WMin + lw, t).

In line 23 the output slice f is configured (function
sliceBuilding) according to the definition of most suitable
links in W (defined in the previous steps). Finally, in line 24
the slice f is returned as the result of the search algorithm.
Algorithm 2 is O(k log k), since the search process occurs
from one node to a subset of the non-analyzed remaining
nodes.

C. Reliability Method

A network reliability method is necessary to calculate the
suitability of the network slice defined by the algorithm



regarding the reliability requested in the SLA. It is worth to
mention that the proposed R-REENC is agnostic of the relia-
bility calculation method, i.e., different reliability calculation
methods can be utilized with the proposed algorithm.

We decided to use the method proposed by Li et al. [17]
as basis. The method assumes that, at any time, elements
fail randomly and independently from each other, according
to certain probabilities previously known, where a network
with n components can have 2n states. However, when the
number of unreliable components is high, the computational
cost of this method is exponential. This paper applied an
alternative approach to enumerate the most probable states of
the network (called m), providing a good approximation of
the network reliability. We enhanced the Order algorithm so
that the reliability can include only the communication paths
between the client’s node and all destination nodes. As result,
the reliability method complexity is O(n2m + nm logm),
since it first computes the most probable states and then
bounds the reliability of them.

Thus, the applied reliability method has the following
advantages: (i) it is proposed for generic networks, i.e., it
does not depend on information about physical devices or
a database about the network infrastructure; (ii) it reaches a
suitable approximation for the reliability with low computation
time; (iii) it is flexible to vary the number of failures in the
network; and (iv) it is easily adjustable to consider several
nodes communication analysis.

Initially, the network slice structure is determined, and after
that the reliability of the network slice can be calculated.
This paper uses the reliability calculated as a criterion to
constraints the suitability of the network slice. We consider
the probability/capacity of the network links that interconnect
all desired nodes, represented by a value in the range [0, 1]
(higher values result in higher reliability).

V. EXPERIMENTS

This section shows the evaluation of the proposed algorithm
regarding the definition of network slices. In order to perform
the experiments, a simulator1 was implemented to enable the
allocation of the network slices, where the metrics used for
the evaluation are: successful allocations of network slices,
number of adaptations, the saturation of network resources
and the availability of bandwidth in the network infrastructure.
Section V-A presents the scenario defined in the experiments
and Section V-B discusses the results of the evaluation.

A. Scenario Configuration

During the evaluation process, several existing network
topologies were used to measure the capacity of the proposed
algorithm to define suitable network slices. These existing
topologies have distinct structures, where the information
about these topologies are available on the Internet2. The
following topologies were used: Internet2 (26 nodes and 31
links) and GEANT (39 nodes and 58 links). These topologies

1https://bitbucket.org/rafaellgom/slicing-timeslot/
2http://www.topology-zoo.org/dataset.html

are considered robust, being suitable options to be used in the
performance evaluation [18], [19], [20].

In the experiments the network slices have the following
parameters: (A) a set of nodes to be connected (randomly
chosen); (B) duration of requests; and, (C) 24 bandwidth
values assigned to the periods of the day (with average
bandwidth request of 100Mbps). One hundred sets of requests
were randomly generated, where each set was composed of
client’s requests, where each request has 24 network slices,
representing the schedules of the day (i.e., T = 24).

The inter-arrival time and duration of network flows follow
an exponential distribution and are the basis to model the
bandwidth demand [21]. Therefore, in this paper, the requested
bandwidth and the duration of the requests are generated
by an exponential distribution, since both parameters can be
considered related to the bandwidth demand. Additionally, all
the results are presented with a 95% confidence interval.

B. Results

This section presents the results of the performed experi-
ments, comparing the performance of the proposed R-REENC
algorithm with the existing Per Time Calculation (PETIC) [8],
since, according to the experiments in reference [8], PETIC
already presented a better performance than the other existing
approaches. In summary, PETIC individually evaluates the
definition of network slices and does not apply a reliability
strategy.

In this way, the experiments evaluated four approaches:
(1) original PETIC; (2) PETIC with the proposed reliability
strategy (Section IV), called R-PETIC; (3) the proposal of
this paper without the reliability strategy, named REENC;
and, (4) the complete proposal of this paper, the R-REENC
algorithm. This organization aims to evaluate the benefits of
each approach, seeking to meet the Bw demand per period
of time, to minimize the adaptations and to reach the desired
reliability of the network slice.

The results of the experiments are illustrated in the follow-
ing figures, where three metrics are evaluated:
• Successful allocations (Figure 2): the number of requests

solved, i.e., how many slices the strategy was able to
allocate with the desired bandwidth.

• Saturated links (Figure 3): the number of links that have
less than 10% of the original bandwidth available.

• Number of adaptations (Figure 4): the number of changes
between slices of different periods, i.e., the number of
network slices that modified its network elements from
one period to another.

• Number of operational network slices post-failure (Figure
5): the number of network slices that keeps the con-
nectivity in face of incremental failures in the network
infrastructure.

Figure 2 presents the number of network slices that comply
with the SLA (successfully allocated). Both R-REENC and
R-PETIC have a similar performance when using or not the
reliability strategy. Based on information from Figure 2, it is
clear the advantage of the proposed reliability strategy, since
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Fig. 2. Successful slice allocations.

the algorithm without it has poorer performance, allocating
around 30% less network slices. This improvement in the
performance of the algorithms, when the reliability strategy
is applied, occurs due to the capacity of the algorithms to
meet the minimum reliability requested.

Additionally, it is important to mention that the reliability
strategy, due to the path redundancy deployment, results in
network slices with higher number of network elements. In
this way, the application of the reliability strategy uses more
resources of the network infrastructure, causing high Bw
demand requests analyzed later not to be met (due to lack
of resources). This fact does not happen when the algorithms
are applied without the reliability strategy, whereas failures of
network slices allocation keep the resource availability. This
situation can be observed in Figure 3, which illustrates the
number of saturated links.

According to Figure 3, except R-PETIC, all the algorithms
have a small number of saturated links. This good performance
is a consequence of the suitability weight metric applied (line 7
of Algorithm 1), which avoids the saturation of the Bw in the
links. However, R-PETIC, even using the suitability metric,
generates saturated links, because it does not consider the
structure of previous network slices tending to use committed
links in the redundancy. This fact does not happen in the R-
REENC algorithm, resulting in a small saturation.

Regarding the number of adaptations generated by the
algorithms, shown in Figure 4, the algorithms REENC and R-
REENC presented the least number of adaptations performed,
even when using the reliability strategy. On the other hand, R-
PETIC has the greatest number of adaptations, in average four
times the number of R-REENC. This behavior results from R-
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Fig. 3. Saturated Links.

PETIC’s nature to define network slices individually, tending
to generate network slices with distinct structures (even in
unnecessary cases).
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Fig. 5. Post-failure IAS status.
Figure 5 presents the number of network slices that keep

connectivity after several failures in the network infrastruc-
ture. It represents the capacity of the analyzed algorithms
to guarantee the performance of IAS delivery to the clients.
Thus, only algorithms that apply the reliability strategy were
evaluated, i.e., R-REENC and R-PETIC. The “x” axis in
Figure 5 represents the percentage of network components that
randomly fail. Thus, the point “0%” of Figure 5 illustrates
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Fig. 4. Number of Adaptations.

the number of solved requests (e.g., number of successful
allocations fulfilling the SLA) when the network infrastructure
is fully operational. Similarly, the point “5%” represents the
situation when 5% of the network elements fail, and so on.

Results from Figure 5 suggest R-REENC is suitable to
define reliable network slices, since all slices provide a certain
level of connectivity. The level of connectivity is directly
related to the number of network elements taking part in
a network slice, since the higher the number of network
elements, the higher the cumulative probability of loss in
the connectivity when a failure occurs. Additionally, it can
be noted that the proposed reliability strategy maintains the
network slices allocated, due to the survivability capacity of
both algorithms when the reliability strategy is applied.

According to the results, the R-REENC algorithm evolves
the network slice allocation process for ISPs. R-REENC
overcame the existing solution from three perspectives: (I)
a higher Bw availability in the network infrastructure; (II)
the allocation of reliable network slices for the periods of
time defined, and (III) the minimization of the number of
adaptations necessary during the transitions of periods of time.

VI. CONCLUSION

The application of new technologies, such as NV, NFV and
SDN, enhances the flexibility and management capacity of

ISPs, allowing a better utilization of network infrastructure
and, consequently, providing higher quality services to their
clients through the definition of suitable network slices. How-
ever, the definition of which network elements should be part
of each slice is an open issue. Thus, this paper proposes an
algorithm for allocating network slices considering the elastic
bandwidth behavior and the reliability of these slices.

The proposed algorithm, called R-REENC, focuses on the
allocation of network slices according to the traffic demand of
clients during the day, while attending the minimum reliability
requested in the SLA. The R-REENC algorithm overcomes
the existing approach for individual slice definition, fulfilling a
higher number of client requests (around 30%) and generating
a lower number of necessary adaptations. This performance
enables the maximization of profits of ISPs, as well as it
improves the quality of IAS delivery.
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J. Lorca, and J. Folgueira, “Network slicing for 5g with SDN/NFV:
concepts, architectures and challenges,” CoRR, vol. abs/1703.04676,
2017. [Online]. Available: http://arxiv.org/abs/1703.04676

[7] H.-W. Lee, E. Modiano, and K. Lee, “Diverse Routing in Networks With
Probabilistic Failures,” IEEE/ACM Transactions on Networking, vol. 18,
no. 6, 2010.

[8] R. L. Gomes, F. R. P. da Ponte, A. Urbano, L. F. Bittencourt, and
E. Madeira, “Slicing of network resources in future internet service
providers based on daytime,” in 2018 IEEE Symposium on Computers
and Communications (ISCC) (ISCC 2018), Natal, Brazil, Jun. 2018.

[9] R. Alvizu, G. Maier, N. Kukreja, A. Pattavina, R. Morro, A. Capello,
and C. Cavazzoni, “Comprehensive survey on t-sdn: Software-defined
networking for transport networks,” IEEE Communications Surveys
Tutorials, vol. 19, no. 4, pp. 2232–2283, Fourthquarter 2017.

[10] R. Vilalta, A. Mayoral, R. Munoz, R. Casellas, and R. MartÃnez,
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