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Abstract
5G mobile communication networks will lease resources such as data centers
from multiple infrastructure providers to collaboratively construct network
slices. To address the key issue of how to efficiently perform cross-domain
virtual network mapping in the lifecycle management of network slices, a two-
stage cross-domain mapping strategy called DPSO-K is proposed. First, based
on resource bidding, node resources and inter-domain bandwidth resources are
considered in a coordinated manner. Then, a cross-domain virtual network
mapping based on an optimized discrete particle swarm optimization algorithm
is proposed, which can effectively improve the optimization capability. For
intra-domain mapping with relatively lower overhead, a fast algorithm based
on Kruskal’s minimum spanning tree is proposed, aiming to shorten slice
instantiation time and accelerate service deployment. Compared with the
traditional method of first performing virtual network mapping to partition
requests and then uniformly mapping links, this strategy considers inter-domain
bandwidth overhead in request partitioning, focuses on the mapping of critical
links in link mapping, and adopts a centralized management and distributed
control approach to achieve effective utilization of physical network resources.
Experimental results show that the algorithm can achieve higher acceptance
rates with smaller additional overhead and shorter partitioning time.
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Abstract

The 5G mobile communication network will lease resources such as data cen-
ters from multiple infrastructure providers to collaboratively construct network
slices. To address the critical challenge of efficiently performing cross-domain
virtual network mapping in the lifecycle management of network slicing, this pa-
per proposes a two-stage cross-domain mapping strategy called DPSO-K. First,
based on resource bidding, the algorithm comprehensively considers both node
resources and inter-domain bandwidth resources. Then, it introduces an opti-
mized discrete particle swarm optimization algorithm for cross-domain virtual
network mapping, which can effectively improve optimization capability. For
intra-domain mapping, which incurs relatively lower overhead, a fast algorithm
based on Kruskal’s minimum spanning tree is proposed to shorten slice instanti-
ation time and accelerate service deployment. Compared with traditional meth-
ods that first partition virtual network mapping requests and then uniformly
map links, this strategy considers inter-domain bandwidth overhead during re-
quest partitioning and focuses on mapping critical links during link mapping,
achieving efficient utilization of physical network resources through centralized
management and distributed control.

Experimental results demonstrate that the proposed algorithm can achieve
higher acceptance rates with lower overhead and shorter partitioning time.

Keywords: 5G; network slicing; virtual network embedding; cross-domain
mapping

0 Introduction
Network slicing is an ideal network architecture for the 5G era, 被视为应对互
联网 OTT（Over The Top）业务价值碾压、实现移动网价值提升的重要途径。Network
slicing enables operators to partition multiple virtual end-to-end networks that
share physical network resources in isolation, or to construct a logical end-to-
end network based on hardware facilities from multiple infrastructure providers
to jointly provide transparent service 承载. For a specific service, the underlying
infrastructure can be jointly provided by multiple equipment vendors, and the
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geographical deployment is no longer concentrated in a single machine room,
exhibiting heterogeneous and distributed characteristics [?].

Virtual Network Embedding (VNE) is a crucial step in the network slicing gen-
eration process, aiming to find physical nodes and physical paths that satisfy
mapping constraints for virtual nodes and virtual links, respectively [?]. Vir-
tual network mapping in single-domain scenarios generally assumes complete
knowledge of underlying resources within that network, and relevant mapping
strategies have matured [?, ?, ?, ?, ?]. However, in 5G scenarios, an end-to-end
network slice traverses access networks, core networks, and the Internet. For
customized networks in vertical industries, Service Providers (SPs) must lease
network infrastructure from multiple Infrastructure Providers (InPs) due to re-
source type and price constraints, then collaboratively construct slices using
resources from multiple InPs. The subnets of different InPs constitute multiple
autonomous domains. Due to commercial interests and other reasons, infor-
mation is not shared between different autonomous domains, rendering single-
domain mapping algorithms unsuitable for cross-domain virtual network map-
ping in network slicing. Compared with single-domain virtual network mapping,
multi-domain virtual network mapping presents several challenges: (a) Due to
the potentially large scale of multi-domain networks, algorithms designed for
single-domain problems can incur enormous signaling and memory overhead;
(b) Due to confidentiality requirements, local controllers may only selectively
provide partial intra-domain information, forcing global controllers to perform
virtual network mapping based on limited information.

Researchers have conducted numerous beneficial studies on cross-domain
mapping. Existing cross-domain virtual network mapping approaches mainly
adopt distributed or centralized methods. Distributed cross-domain mapping
is achieved through resource negotiation among SPs and InPs, and between
InPs themselves, which can fully respect the intentions of both SPs and InPs
and offers good scalability. However, distributed methods introduce additional
network transmission costs during negotiation and cannot obtain optimal
cross-domain VN mapping solutions due to the lack of global information.
Centralized methods feature the emergence of a Virtual Network Provider
(VNP) [?], whose main function is to simplify the information interaction and
supply-demand matching process between SPs and InPs. Based on collected
infrastructure information, the VNP solves cross-domain mapping schemes
according to predetermined rules and strategies. Reference [?] proposes a
metaheuristic-based virtual network request partitioning strategy according to
the price conditions of boundary nodes and inter-domain links in multi-domain
networks. Dietrich et al. propose an exact virtual network request partitioning
algorithm based on underlying network boundary node information [?]. This
method’s innovation lies in proposing a more refined problem model and
effectively reducing additional overhead, but the increased algorithm complexity
makes it difficult to apply in large-scale network scenarios.

These centralized cross-domain VN mapping approaches generally consist of
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two phases: (a) Virtual network partitioning phase, where InPs select the most
suitable mapping target for each virtual resource from their matching sets to
minimize mapping overhead, partitioning the virtual network into multiple vir-
tual subnets and determining the InPs that carry each virtual subnet. Houidi
et al. [?] first theoretically proved that virtual network partitioning is NP-Hard
and proposed a heuristic algorithm for virtual network partitioning based on a
fully connected physical network topology among boundary nodes; (b) Virtual
subnet mapping phase, where the VNP forwards each virtual subnet request to
the corresponding InPs, which can then solve the virtual subnet mapping us-
ing existing single-domain mapping methods, primarily including integer linear
programming, intelligent algorithms, and heuristic algorithms.

Existing centralized cross-domain mapping strategies assume that instantiating
virtual network functions consumes the same amount of node resources in differ-
ent data centers and that InPs offer identical resource prices. They also abstract
the cross-domain virtual network partitioning problem as a bin packing problem,
simplifying each subdomain as a point. These assumptions are not well-suited
for 5G network scenarios. From the node resource perspective, resource quotes
from different InPs to SPs are often different in practice. From the link resource
perspective, each subdomain generally has multiple egress nodes, and selecting
different egress nodes affects resource costs, so subdomains cannot be simply
abstracted as points.

To address these cross-domain mapping problems, this paper proposes a cross-
domain mapping algorithm DPSO-K that comprehensively considers both node
resources and link resources. The mapping scheme consists of two parts: inter-
domain mapping and intra-domain mapping. Since information between differ-
ent autonomous domains is not public, the algorithm first considers only node
resources and inter-domain link costs for resource allocation and function deploy-
ment, then adopts a distributed mapping mechanism for intra-domain mapping.
The rationality of this two-step simplification lies in the fact that inter-domain
link costs constitute the main cost in this problem, while intra-domain mapping
costs are relatively small [?]. Therefore, the intra-domain mapping portion can
be solved using a concise and fast algorithm. The main contributions of this
paper are: (a) Proposing an inter-domain mapping algorithm based on particle
swarm optimization that encodes VN partitioning schemes in matrix form and
iteratively searches from multiple initial solutions to gradually approach the
global optimum; (b) Proposing an intra-domain approximation algorithm based
on Kruskal’s minimum spanning tree that quickly obtains mapping results con-
forming to virtual network topology constraints through modifications to the
minimum spanning tree.
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1 Cross-Domain Mapping Architecture and Model for Net-
work Slicing
1.1 Problem Description

In traditional multi-domain virtual network mapping problems, service
providers need to continuously negotiate with multiple InPs when establishing
a cross-domain virtual network request. The 5G core network will adopt an
SDN architecture, so in software-defined 5G network slicing, the control plane
and data plane will be completely separated. This architectural advancement
facilitates improved forwarding efficiency and unified resource management.
The centralized cross-domain mapping network architecture for network slicing
is shown in Figure 1 [Figure 1: see original paper]:

a) Infrastructure Providers (InPs): Including access network InPs, core
network InPs, Internet InPs, etc.

b) Management and Orchestration (MANO): Receives virtual network
requests from service providers of various autonomous domains and per-
forms virtual network request partitioning and mapping based on network
information and underlying physical resource status uploaded from each
autonomous domain.

c) Virtual Network Provider (VNP): Composed of multiple Virtual Ma-
chines (VMs) and Virtual Infrastructure Monitors (VIMs). A local VIM
manages one autonomous domain, calculates the information that needs to
be uploaded to MANO, and allocates virtual resources to virtual network
requests. VNP and InPs are collectively called virtual network function
infrastructure (NFVI).

d) Service Providers (SPs): Send virtual network requests to the
physical network’s MANO through Operation/Business Support Systems
(OSS/BSS).

To facilitate description of the virtual network mapping problem, Figure 1 is
simplified and abstracted. As shown in Figure 2 [Figure 2: see original pa-
per], this is a schematic diagram of a cross-domain mapping physical network
with three subdomains. Assuming three InPs construct three network domains,
where N-type nodes are internal nodes that can build VMs (or containers) to
carry virtual network functions, and B-type nodes are boundary nodes that
serve as gateways for information exchange between different network domains.
The goal of cross-domain mapping is to select appropriate N-type nodes to carry
virtual network functions and appropriate B-type nodes and links to carry vir-
tual network links, minimizing physical network node computation costs and
link bandwidth costs while satisfying virtual network requests.

Due to the practical requirements of slice function deployment in data centers,
some node mappings have additional constraints beyond resource constraints.
If an embedding satisfies the constraints, it is called a valid mapping. For a

chinarxiv.org/items/chinaxiv-201805.00022 Machine Translation

https://chinarxiv.org/items/chinaxiv-201805.00022


virtual request, multiple valid mappings may exist. The optimization objective
of this paper is to minimize overall cost and improve resource utilization. Based
on the model in reference [?], this paper defines the cost of cross-domain virtual
network mapping as:

1.2 Model Establishment

The underlying physical resource network is represented by a weighted undi-
rected graph 𝐺𝑠 = (𝑁𝑠, 𝐸𝑠). The total computing resources on underlying
physical node 𝑛𝑠 ∈ 𝑁𝑠 are 𝑐(𝑛𝑠), and the available bandwidth of the physical
link between underlying physical nodes 𝑛𝑠

𝑖 and 𝑛𝑠
𝑗 is 𝑏(𝑛𝑠

𝑖 , 𝑛𝑠
𝑗). Similar to the

underlying physical resource network, the virtual network, as a subgraph of
the underlying physical network, is also represented by a weighted undirected
graph 𝐺𝑣 = (𝑁𝑣, 𝐸𝑣), where the set of underlying physical network nodes is
represented as {𝑛𝑣

1, 𝑛𝑣
2, ..., 𝑛𝑣

|𝑁𝑣|}. The set of underlying physical network links
is represented as 𝐸𝑣.

The mapping of a virtual network request onto the underlying physical re-
source network can be expressed as 𝑀 ∶ 𝐺𝑣(𝑉 𝑣, 𝐸𝑣) → 𝐺𝑠(𝑉 𝑠, 𝐸𝑠). During
the mapping process, the remaining available CPU resources are represented
as 𝑅𝑐(𝑛𝑠) = 𝑐(𝑛𝑠) − ∑𝑛𝑣∈𝑁𝑣 𝑆𝑛𝑣,𝑛𝑠 ⋅ 𝑀𝑐

𝑅(𝑛𝑣, 𝑛𝑠), where 𝑐(𝑛𝑠) represents the
total CPU resources, and ∑𝑛𝑣∈𝑁𝑣 𝑆𝑛𝑣,𝑛𝑠 ⋅ 𝑀𝑐

𝑅(𝑛𝑣, 𝑛𝑠) represents the occupied
CPU resources. Here, 𝑆𝑛𝑣,𝑛𝑠 indicates whether virtual node 𝑛𝑣 is mapped to
physical node 𝑛𝑠. Similarly, the remaining available bandwidth resources are
𝑅𝑏(𝑒𝑠) = 𝑏(𝑒𝑠)−∑𝑒𝑣∈𝐸𝑣 𝑆𝑒𝑣,𝑒𝑠 ⋅𝑀𝑏

𝑅(𝑒𝑣, 𝑒𝑠), which is the difference between total
link bandwidth and occupied bandwidth.

Virtual network mapping has resource constraints, meaning the underlying net-
work must have sufficient remaining resources to carry the virtual network, char-
acterized as:

For node resources: ∑𝑛𝑣∈𝑁𝑣 𝑀𝑐
𝑅(𝑛𝑣, 𝑛𝑠) ≤ 𝑐(𝑛𝑠)

For link resources: ∑𝑒𝑣∈𝐸𝑣 𝑀𝑏
𝑅(𝑒𝑣, 𝑒𝑠) ≤ 𝑏(𝑒𝑠)

Additionally, some nodes have location constraints characterized as:

𝐿𝑜𝑐(𝑛𝑠, 𝑛𝑣) = {1, if deployable
0, if not deployable

If an embedding satisfies the constraints, it is called a valid mapping. For a
virtual request, there may exist multiple valid mappings. This paper’s opti-
mization objective is to minimize overall cost and improve resource utilization.
Based on the model in reference [?], this paper defines the cost of cross-domain
virtual network mapping as:

𝐶𝑜𝑠𝑡 = 𝛼 ∑
𝑛𝑣∈𝑁𝑣

𝐺𝐶(𝑛𝑣) + (1 − 𝛼) ∑
𝑒𝑣∈𝐸𝑣

𝐵𝑙𝑒𝑛𝑔𝑡ℎ(𝑒𝑣)
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where 𝐺𝐶(𝑛𝑣) represents the node resource cost, 𝐵𝑙𝑒𝑛𝑔𝑡ℎ(𝑒𝑣) represents the band-
width cost of the virtual link, and 𝛼 is the weighting factor.

2 DPSO-K Algorithm Description
The DPSO-K algorithm performs inter-domain mapping first, followed by intra-
domain mapping. The inter-domain mapping phase constitutes the main source
of overhead and is the primary optimization target of the DPSO-K algorithm.
Based on the inter-domain mapping results, resources within each autonomous
domain are then mapped. Since intra-domain mapping incurs relatively small
overhead, an approximation algorithm is adopted for fast solution to ensure
rapid service deployment.

2.1 Inter-Domain Mapping Algorithm

The inter-domain algorithm primarily addresses the virtual network partitioning
problem. Based on an optimized Discrete Particle Swarm Optimization (DPSO)
algorithm, this algorithm completes the partitioning of cross-domain virtual
network mapping, comprehensively considering inter-domain link resources and
node resource costs to achieve global resource optimization. The algorithm
inputs are the physical network 𝐺𝑠 and virtual network request 𝐺𝑣, and the
output is the inter-domain mapping scheme, including both node mapping and
link mapping components. This optimization scheme serves as part of the input
for the intra-domain algorithm described in Section 2.2.

Figure 3 [Figure 3: see original paper] shows the global network view obtained
by MANO. MANO does not understand the specific network topology of each
subdomain but can learn about resource types and approximate distributions
within subdomains through node bidding and other methods. The inter-domain
algorithm primarily considers inter-domain link resources and node resource
costs for resource allocation and function deployment.

For inter-domain link cost, this problem has been proven to be NP-hard [?].
Therefore, metaheuristic algorithms are typically used for such problems, aiming
to find approximate optimal solutions within acceptable time. For node resource
cost, node bidding is a business game between InPs and SPs. The main process
is: SP requests are sent to MANO, which records the node and link requirement
information of SP requests. Controllers in each InP send their domain’s available
node resource information and unit prices to the information processing center.
For example, InP1 submits to MANO: can provide physical nodes v1, v2, v3
with resource amounts of 20, 5, 5 respectively, and resource unit price of 12. The
processing center analyzes the information from various InPs and SP requests
to formulate a Bidding Results Table (BRT), and MANO calculates the optimal
virtual node mapping results based on the algorithm.
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2.1.1 Encoding Method Each particle is set as a vector where each com-
ponent represents the physical node to which a virtual node is mapped. For a
given virtual network, the number of virtual nodes determines the vector length,
the numbering of virtual nodes determines component positions, and the physi-
cal node number to which a virtual node is mapped determines the component
value. Thus, each particle represents a virtual network node mapping scheme.
When historical factors guide the process, whether to adjust the position vector
is determined by the direction vector. Components in the direction vector corre-
spond one-to-one with components in the position vector, taking values of 0 or
1. A value of 1 indicates adjustment of that component in the position vector,
while 0 indicates no adjustment. During perturbation, the position vector can
be randomly generated.

2.1.2 Fitness Function The quality of each node mapping is measured by a
fitness function, defined as:

𝑓(𝐿) = ∑
(𝑢,𝑣)∈𝐸𝑣

𝐿𝐸𝑁(𝑢, 𝑣) ⋅ 𝐵𝑊(𝑢, 𝑣)

where 𝐿𝐸𝑁(𝑢, 𝑣) refers to the length (in hops) of the physical path to which
virtual link (𝑢, 𝑣) is mapped, and 𝐵𝑊(𝑢, 𝑣) refers to the bandwidth of the virtual
link. The fitness value is determined by the link mapping results obtained from
the node mapping scheme.

2.1.3 Iterative Optimization The optimized discrete particle swarm algo-
rithm is a multi-solution iterative process. The basic idea is to find optimal
solutions through collaboration and information sharing among individuals in
the population. The specific iterative optimization process is:

a) Initialize the position vector and other variables, set iteration count 𝑧 = 0.

b) Obtain the direction vector through direction adjustment operations, then
use position adjustment operations to adjust the position vector according
to the direction vector, generating a new position vector.

c) Calculate all available shortest paths between each pair of physical nodes
corresponding to virtual links using the K-shortest path algorithm. If link
mapping fails and the maximum backtrack count has not been exceeded,
return to step (2); if the maximum backtrack count is reached, return link
mapping failure.

d) Obtain the fitness value for this position vector using Equation (1).

e) Evaluate the fitness value. If it is smaller than a certain individual in
the current elite group and the new node vector is not in the elite group,
update the current elite group.
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f) Compare the new fitness value with the particle’s previous fitness value.
If the new fitness value is lower and the number of flights in this direction
is less than the maximum direction flight count 𝑁𝑠, proceed to step g);
otherwise, enter the next iteration and return to step (2).

g) Call the position adjustment operation based on the determined direction
vector.

h) Calculate all available shortest paths between each pair of physical nodes
corresponding to virtual links using the K-shortest path algorithm. If
physical link mapping succeeds, proceed to step i); if link mapping fails
and the maximum backtrack count has not been exceeded, return to step
g).

i) 𝑧 = 𝑧 + 1. Determine whether the iteration count has been reached. If
not, return to step b).

2.1.4 Parameter Operations The position adjustment operation changes
particle 𝑖’s position, i.e., re-determines the value of each component 𝑗. The
physical meaning is that virtual node 𝑗 reselects a physical node for matching.
The position adjustment operation is executed through multiple direction ad-
justment operations. The direction adjustment operation determines the value
of particle 𝑖’s direction component 𝑗 according to an adjustment probability.
The value is 𝑃𝑖𝑗 = 𝑟ℎ

𝑚 , where 𝑟ℎ is a random adjustment factor introduced by
the algorithm to escape local optima, and 𝑚 is the number of individuals in the
historical optimal set. The algorithm analyzes historical data by examining the
top 𝑚 optimal individuals. For component 𝑗 of each optimal individual, it com-
pares with particle 𝑖’s component 𝑗, counting the number of differences as 𝑟ℎ.
Then, a random number 𝑝 in the range [0,1] is generated. If 𝑝 > 𝑃𝑖𝑗, component
𝑗 is adjusted. The direction adjustment operation is affected by perturbation
operations, meaning the adjustment of component 𝑗 is inverted according to the
perturbation probability 𝑃𝑑𝑖𝑠𝑝.

2.2 Intra-Domain Mapping Algorithm

Based on the inter-domain mapping results, InPs perform intra-domain virtual
network mapping within their respective domains. Figure 4 [Figure 4: see orig-
inal paper] shows the view of each subdomain. The regional controller under-
stands the resource distribution and network topology within its domain, and
boundary nodes have already been selected.

This paper proposes a fast mapping algorithm based on Kruskal’s minimum
spanning tree algorithm. According to the underlying physical network resource
status, the algorithm aims to minimize cost and operates as follows:

a) Based on inter-domain mapping results, input the location information
and bandwidth information of egress nodes.
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b) Calculate the set of available physical nodes for each virtual node based
on virtual node resources, location constraints, etc.

c) Calculate the minimum weight paths between candidate physical nodes
in the underlying physical network using a minimum weight routing algo-
rithm according to the network resource status in the cross-domain envi-
ronment.

d) Based on Kruskal’s minimum spanning tree algorithm, dynamically select
the minimum weight physical path from the minimum weight path set
in each iteration. After obtaining the minimum spanning tree, map the
virtual nodes and adjust the virtual links to output the final mapping
result.

3 Simulation and Analysis
3.1 Simulation Environment

The simulation experiments were conducted on a computer configured with 3 GB
memory, 32-bit Windows 7 operating system, and Intel Core 2 T9550 processor.
MATLAB was used for programming, and both physical network and virtual
network topologies were randomly generated using the GT-ITM tool.

The preset parameters are as follows: the entire underlying network consists of 5
different InPs, the number of virtual node types is set to 𝑠 = 8, and the number
of VN requests is 𝑛 = 1000. For each InP, the resources 𝑟 provided for each
virtual node type follow a uniform distribution [0, 𝑟𝑚𝑎𝑥], and the resource unit
price 𝑃 follows a uniform distribution [10, 20]. The control resource information
from each InP is centralized in the management center to form a unified resource
table. The number of virtual nodes in VN requests follows a uniform distribution
[1, 𝑠], where the resource demand 𝑟 of each node follows a uniform distribution
[0, 20]. The optimization objective is to minimize the total mapping cost defined
in Equation (3), with both node resource cost weight 𝛼 and cross-domain cost
weight 𝛽 set to 1.

The main parameters of the particle swarm algorithm are set as shown in Table
1 .

Table 1: Simulation Parameters

Parameter Value
Particle count 𝑆 50
Maximum iterations 𝑁𝑧 100
Particle velocity upper limit 5
Particle velocity lower limit -5
Perturbation operation probability 𝑃𝑑𝑖𝑠𝑝 0.15
Elite group size 𝐵𝑒𝑠𝑡𝑁 10
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Parameter Value

Table 2: Average Mapping Time of Each Algorithm (s)

Algorithm Average Mapping Time
HTF 12.3
MC-VNM 15.7
DPSO-K 18.5

As shown in Table 2, although the DPSO-K algorithm can reduce overhead, its
computation time is longer because the particle swarm-based cross-domain map-
ping component introduces resource bidding, increasing algorithm complexity.
However, the increased computation time remains in the same order of magni-
tude, and the additional time overhead is acceptable in practical applications.

3.2 Simulation Results and Analysis

By analyzing the shortcomings of existing cross-domain virtual network map-
ping algorithms, this paper proposes a hierarchical resource management model
for cross-domain network environments to dynamically manage network re-
sources within each autonomous domain. Under the premise of fully considering
cross-domain network environments and differentiated physical link bandwidth,
different link weights are set for intra-domain link bandwidth and inter-domain
backbone link bandwidth. Based on the physical network resource status in
all autonomous domains, cross-domain virtual network mapping operations are
implemented with the optimization objective of minimum-cost virtual network
mapping. With primary consideration of inter-domain overhead and the goal
of minimizing global resource total overhead subject to resource constraints,
a discrete particle swarm optimization model for virtual network mapping is
established. Theoretical analysis and experimental results demonstrate that
the proposed DPSO-K algorithm effectively reduces the resource cost of virtual
network mapping, achieves good network performance, and maximizes infras-
tructure provider revenue.

Figure 5 [Figure 5: see original paper] compares the total mapping overhead
of the three algorithms under different node quantities. It can be observed
that the DPSO-K algorithm reduces total mapping overhead to some extent
by comprehensively considering node resources and link resources and utilizing
discrete particle swarm optimization. This verifies the algorithm’s effectiveness.
Additionally, as the number of virtual request nodes increases, the cost of virtual
network mapping increases at a constant rate. When the problem scale is larger,
such as in large-scale network environments, this solution remains applicable.
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Figure 6 [Figure 6: see original paper] shows the impact of different numbers of
data domains on total mapping overhead for the three algorithms. In this sce-
nario, the number of physical network nodes and virtual network nodes remains
consistent, but the number of data domains in the physical network changes. It
can be seen that as the number of data domains increases, inter-domain map-
ping introduces additional bandwidth overhead. The proposed algorithm can
ensure smaller total overhead compared with contrast algorithms under different
numbers of data domains, verifying the algorithm’s stability.

Many issues in virtual network mapping require further research and resolu-
tion. Current research primarily focuses on effectively mapping virtual network
requests with static network resource requirements. Due to the scarcity of net-
work resources, dynamic migration and scheduling of service function chains in
5G networks will be considered in future work.
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