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Abstract— More and more mobile devices and applications are 
beginning to use undirected networks. In order to improve the 
user experience and ensure the quality of network services, edge 
computing is proposed, which is also an important part of the 
fifth generation network. As a key technology of 5G networks, 
NFV and SDN are receiving more and more attention. NFV uses 
virtualization technology to flexibly deploy network services. At 
the same time, SDN can provide all information about network 
topology and resources. The combination of NFV and SDN 
provides a new approach to network service deployment in edge 
computing. Due to the performance limitations of the edge 
server, when the users and devices accessing the network 
increase, if the edge server cannot provide the corresponding 
network resources, the network service quality will be degraded. 
This paper proposes a dynamic virtual network service 
placement scheme based on network service type, summarizes 
the characteristics of different network service types for network 
resource usage, determines the service type when users request 
network services, and proposes to ensure the optimal utilization 
of network resources and network delay. The algorithm is 
dynamically placed and the feasibility of the proposed scheme is 
proved by experiments. 
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I. INTRODUCTION 

The emergence of edge computing alleviates the traffic in 
the network during the peak period of data. Due to the use of 
nodes closer to the user, the traffic in the network is reduced 
[1]. Edge computing nodes can perform various tasks such as 
calculation, caching, and storage. The purpose of Network 
Functions Virtualization (NFV) is to deploy software-based 
network functions in a common high-performance server to 
accomplish various tasks in the network according to user 
needs [2]. The network functions that can be virtualized cover 
almost all the functions in the current network, such as DPI, 
LB (Load Balancing), Cache, etc. These virtual network 
functions (VNF) can complete the network in separate or 
combined form [3]. Various computing, storage and transfer 
tasks. NFV leverages the design of flexible virtual network 
capabilities to increase computing power and reduce 

communication costs between edge nodes and data centers 
while saving cost and power. The virtualization of NFV can 
easily realize the deployment of edge computing, and can 
shorten the deployment period of network functions, and 
increase or change the type of network functions deployed 
according to the actual needs of network edge nodes. 

In edge computing, users use various types of network 
services such as video transmission, virtual reality, augmented 
reality, mailbox, online games, online medical education, and 
the like. These network services have different requirements 
for network resources [4]. For example, video transmission 
requires high-speed, low-latency data transmission capability, 
and virtual reality requires the network to provide powerful 
computing power [5]. According to the characteristics of these 
network services, network services are divided, and virtual 
network functions are dynamically deployed according to 
network service types, which can not only ensure the quality 
of user experience, but also improve the efficiency of network 
resource utilization, thereby providing network services for as 
many users as possible. 

II. BACKGROUD 

In edge computing, a part of the network service requested 
by the user is executed on the edge server, and then the result 
of the task operation is returned to the user, thereby saving the 
transmission time of the data in the network, accelerating the 
network response speed, and alleviating the network 
congestion. However, in a traditional wireless network, a 
device as an edge server generally has a relatively weak 
computing power and storage capacity, and becomes a 
bottleneck node for reducing network service quality when 
user requests are concentrated. Using NFV and SDN 
technology, this problem can be effectively solved [6]. 

A. Node Resource Management 

Using the SDN global map, nodes that meet certain 
computing and storage capabilities near the edge of the 
network are regarded as edge services in which virtual 
network functions can be placed in this paper. The links 
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between them serve as network links to form a new network 
topology. Record the number of network resources of each 
node in the SDN controller. 

The management and orchestration Module (MANO) in the 
NFV architecture records the total amount of resources in 
each edge service and the resource usage. At the same time, it 
also records the virtual network functions placed locally and 
the network services to which these virtual network functions 
belong [7]. When a user requests a new network service, the 
MANO mode needs to determine whether the network 
resources in each edge service can provide services. If the 
user request can be satisfied, the new virtual network service 
is started on the edge server and the user's request is accepted; 
if any of the network services cannot be satisfied, the user's 
request is rejected. At the same time, the MANO mode needs 
to recover and manage the completed network services in time, 
and use the recycled network resources for new user requests. 

A directed graph is used to represent the network topology, 
N  is a collection of edge servers n  with network resources, 
and each server's network resources are represented as 

storagen , transn  and processn , respectively representing storage, 

forwarding, and computing resources on each server. E  is a 
set of link e between network nodes, and the physical link 

bandwidth is expressed as ec . The information record of each 

node is shown in Figure 1. 

B. Network Service Type Management 

This article assumes that all types of network services are 
known, using the set S , and the size of the set is represented 

by k , which is the number of network services types. Each 
type of network service needs to use network resources, and 

uses k
storages ，

k
transs and k

processs to respectively represent 

network resources used by the network service of the k -th 
type. 
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Figure 1． Schematic diagram of data management

For the data management method in Figure 1, there are the 
following points that need to be explained： 

• The network resources required by different network 
services include storage, forwarding and computing 
capabilities. However, the number of these three 

network resources is different, so each network service 
will record the number of three network resources that 
it needs. 

• The virtual network function (VNF) deployed on each 
node records the network service to which it belongs 
and the number of network resources required to deploy 
the VNF. 

• A VNF can only use one kind of network resource, and 
multiple ordered VNFs together form a network service 
function chain (SFC) [8]. A complete SFC is provided 
to the user's network service. The SDN controller 
guarantees the ordering of VNF in the SFC [9]. 

III.  THE DEPLOY SCHEME 

The heuristic algorithm proposed in this paper supports 
user dynamic requests. When a new user request arrives, the 
MANO module first arranges the network services that need 
to be provided to the user, determines the VNFs contained in 
the SFC, and then places the ordered VNFs in the appropriate 
edge server. Then the SDN control generates routing 
information. Finally, the MANO mode receives user requests, 
allocates network resources, and routes user data streams. 

A. Processing User Requests 

Although it is hard to predict the time and number of user 
requests arriving in the network, in this scenario the user 
requests are queued according to the time of arrival. The 
queues store user requests using first-in, first-out rules. The 
MANO module does not consider subsequent user requests 
when processing the previous user request. 

B. Orchestrating SFCs 

After receiving the user request, the MANO module first 
searches the set S  for the network service type to which the 
change request belongs, and obtains the network resource 
information required by the network service of this type. 
Subsequently, the MANO module combines multiple ordered 
VNFs into one SFC, where each VNF requires a 
corresponding network resource. 

In the VNF placement problem, the method of placing the 
ordered SFC problem can refer to the virtual network 
embedding (VNE) problem [10]. As is well known, the VNE 
problem is a NP-hard problem. 

When deploying a VNF on an edge server, you need to 
consider the optimization of the overall performance of the 
network, so as to achieve the maximum number of receiving 
user requests and network service quality. Because the 
network resources required in the network service are known, 
the number of user requests received is as much as possible. 
This optimization goal is equivalent to maximizing the 
network resource usage; and the network service quality can 
be measured by the network delay.  

The network delay time requested by each user includes the 
processing forwarding time of all nodes in the routing 
information and the transmission time of the data in the 
network. Because the use of network resources is taken into 
account during deployment, there is no deployment scenario 
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that causes network congestion, so the total delay in 
processing user requests in the network can be expressed in 
terms of the number of nodes included in all user requests 
[11]. These node counts include the number of all VNFs 
deployed by the MANO module and the number of 
intermediate forwarding nodes. 

It should be noted that the MANO module records the 
routing information requested by each user. If multiple VNFs 
belonging to the same SFC are deployed to the same edge 
server, the forwarding time between these VNFs can be 
neglected. When calculating the total network delay, it can 
only be regarded as a node. 

Naturally, the optimization goal of the VNF deployment 
plan in this paper can be proposed as shown in Equation 1-2. 

1 1 1

1 1 1

maximum

m m m
k k k
storage trans processn n n

storage trans process

s s s

n n n
+ +

  
    （1）

 
1 1

minimiza        
l n

p （2）  

In Equation 2, l  represents the number of user requests 
being served in the network, and vector p  represents the 

routing information requested by each user request, and its 
maximum length is n  . 

Considering that the number of user requests increases, the 
number of VNFs deployed in the network will increase 
accordingly. To measure the network delay more objectively, 
the number of network nodes is used instead of the total 
number of network nodes, as shown in Equation 3. 

1 1min imize        

l n

p

l


（3）  

C. The Heuristic Algorithm 

This paper proposes to use a heuristic algorithm to deploy 
VNFs requested by users. The initial network resource usage 
rate is 0, and the network average delay is infinite. For newly 
arrived user requests, the edge servers are first arranged 
according to the principle that the communication distance is 
near and far. It is obvious that the result of this arrangement is 
related to the node that the user accesses the network, that is, 
the source node. 

According to the SFC calculated by the MANO module, 
VNFs are deployed. Under the premise that the edge server 
network resources can satisfy the user's request, the edge 
server that is close to the user request source node is selected 
for deployment. Then calculate the optimization goal. In order 
to improve the efficiency of the algorithm, when an edge 
server that meets the requirements appears, the deployment is 
directly performed, and the algorithm result is returned. 

IV. EVALUATION 

 
Figure 2 Relationship between the number of user requests and the average 
number of nodes in the network 

As can be seen from Figure 2, when the number of network 
user requests increases, the average number of nodes in the 
network is basically stable between 4-5, indicating that the 
algorithm does not increase the network delay significantly 
due to the increase in the number of user requests. 

Figure 3 Relationship between the number of user requests and network 
resource usage

As can be seen from Figure 3, when the number of network 
user requests increases, the network resource usage rate also 
increases, but the increase is relatively stable, and the highest 
network resource usage rate is less than 50%. 

Figure 4 Relationship between the number of user requests and the running 
time of the algorithm

As can be seen from Figure 4, when the number of network 
user requests increases, the algorithm runtime will also 
increase, and there will be a large increase. 

V. CONCLUSIONS 
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This paper analyses the benefits of deploying VNFs using 
NFV and SDN technologies in edge computing, details the 
deployment scenarios, and proposes efficient heuristics. The 
experimental results show that the proposed deployment 
scheme can respond to user requests quickly and guarantee 
the quality of user service. 
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