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Abstract
With the Internet of Things (IoT) sensor and smart devices gradually increasing nowadays due to the fourth
industrial revolution, the information collected from the sensors is very diverse, and the amount of
information transmitted is also massive. Since the data collected from a lot of devices can generate excessive
traffic, several researchers have tried to solve this issue using mobile edge computing (MEC). To cope with
the numerous and diverse IoT devices, the MEC infrastructure has to support a lot of connected devicesand
the processing of the massive data collected and complex applications. However, the MEC edge server has
limited computational and processing resources compared to high-end servers in the cloud server. In this
paper, we propose a Software-Defined Networking (SDN)-based packet scheduling scheme for quickly
transmitting emergency data in MEC environments. In the proposed scheme, the MEC includes the
OpenFlow function to communicate with the SDN controller. In the OpenFlow-enabled MEC host, we adopt
two queues for emergency data and normal data. For the performance evaluation of the proposed scheme, a
comparative analysis was performed with the existing priority-based scheduling model, and the analysis
result shows that the proposed scheme has better performance than the existing priority-based scheduling
method.

Keywords
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1. Introduction
Since the 2000s, the growth of the Internet and network technologies has been rapidly developing
with the advent of various devices such as smartphones, tablets, and wearable devices. According to the
demands of users who need an Internet connection using various devices, a lot of data on the Internet
can be collected, processed, and transferred to other devices as necessary, and this has become a
foothold for leading the era of the 4th Industrial Revolution. The Internet of Things (IoT), one of the
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technologies attracting attention as a technology in the era of the 4th Industrial Revolution, is growing
rapidly due to the rapid development of such Internet and network technologies and the advent of
various smart devices. With sensors and mobile devices increasing rapidly, people believe that the huge
data generated by various smart devices and IoT devices will growexplosively in the near future.
Nowadays, IoT is used in not only home IoT that can remotely control various objects in the
housebut also in various fields such as logistics management through environmental sensors such as
temperature and humidity, facility security such as fire detection and external intrusion detection, smart
city construction, etc. [1, 2]. The information collected from the sensors is very diverse, and the amount
of information transmitted is also massive. In order to extract or analyze meaningful data from a lot of
information, the collected data must be transmitted to a data center. Especially, emergency data that
needs to be processed quickly, such as fire or intrusion detection, should be processed ahead of other
data. However, processing a large volume of rapidly occurring data in realtime is very difficult due to
problems such as limitation of transmission bandwidth, transmission delay of network, and data
processing time.
Since the data collected from a lot of devices can generate excessive traffic, several researchers have
tried to solve this issue usingcloud computing, fog computing, andmobile edge computing, also called
multi-access edge computing (MEC) [2–10]. MEC is a new technology that is currently being
standardized in an Industry Specification Group (ISG) of the European Telecommunications Standards
Institute (ETSI) [6,9, 10]. MEC is a new paradigm that applies distributed cloud computing technology
to the radio access network (RAN) to move network traffic and computing service from a centralized
cloud to the edge of the network to provide services at a location close to the users. MEC enables
analyzing, processing, and storing data at the edge of the network, instead of sending all data to the
cloud for processing. By deploying various services and caching contents close to the users and IoT
devices, congestion can be eased in the core network, and new local services can be created. It also
supports real-time data processing with low latency. Therefore, MEC is able to provide real-time
services with faster response and which are efficient and secure for lots of end-users, mobile devices,
and IoT devices.
MEC supports mobile computing and IoT technologies by providing distributed processing ability
with a distributed open architecture. To cope with the numerous and diverse IoT devices, the MEC
infrastructure has to support a lot of connected devices and the processing of the huge data collected
and complex applications. However, the MEC edge server has limited computational and processing
resources compared to high-end servers in the cloud server. Therefore, to support high scalability, ultralow latency, high throughput, and reliable transmission of data, the Software-Defined Networking
(SDN) paradigm is regarded as one of the suitable solutions [11–13]. SDN has a structure wherein the
network control function is separated from the physical network [11]. Considering the characteristics of
the SDN technology that enables dynamic, programmatically efficient network configuration by
decoupling the network into a control plane and a data plane, it is possible to improve the performance
and low latency of the edge server.
We focus on the programmable and decoupled features of SDNand propose an SDN-based packet
scheduling scheme for processing emergency data quickly in MEC environments. In the proposed
scheme, the MEC server includes the OpenFlow protocol function to communicate with the SDN
controller. In the OpenFlow-enabled MEC, we adopt two queues for emergency data transfer called
emergency queue (EQ) and for general packet transfer called normal queue (NQ). The EQ is used for
transmitting emergency data, and the NQ is for the other data.
The main contributions of this paper are summarized as follows: (1) unlike the existing priority-based
technologies, the proposed scheme uses two queuesinstead of multiple queues for resource management
of the MEC server; (2) we propose a method of processingan emergencypacket first when itcomes into
the queues; and (3) to reduce transmission delay, the SDN concepts are adopted for the MEC server and
MEC hosts.
The rest of this paper is organized as follows: Section 2 introduces related works for MEC and SDN;
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Section 3 discusses the proposed architecture and scheduling method model; Section 4 shows the
scheduling model analysis and analytical results of the simulation; Section 5 presents the conclusion
and future works.

2. Related Work
Cloud computing is a technology that provides computing services such as server, storage, and
software analysis through the Internet [13–15]. As a kind of computing technologies based on the
Internet, cloud computing enables data storage, processing, and fast processing by using other
computing devices or storage connected to the Internet. Due to the exponential increase of users who
use the existing cloud services, however, vast amounts of data are concentrated on the central server
and data center through the network, giving rise to problems such as data transmission delay,
throughput decrease, and security problems.
Edge computing has emerged as a solution to these problems [16, 17]. As a distributed open architecture
that enables processing such as aggregation, storage, and processing of data collected at the edge of a
network, edge computing enables the efficient processing of large amounts of processable data around
the source, which significantly reduces the data processing time and Internet bandwidth usage. Thus,
edge computing is used primarily for applications that require massive data collection/processing and
rapid data analysis for real-time response [17]. Such edge computing can be applied to a distributed
computing model because it is designed considering network connection and latency, bandwidth
constraints, and various functions embedded in a terminal device.
MEC is a kind of edge computing that brings cloud computing to the network edge and extends cloud
computing capabilities[7,10,18, 19]. In addition, MEC is able to support IT and cloud computing functions
at the edge of a cellular network or a legacy network and is designed to solve the problems of real-time
processing and transmission delays caused by data transmission to remote servers far away from users
and devices as the disadvantages of traditional cloud computing in general [15]. The computing
resources are located at the base station (BS) of mobile networks called evolved Node Bs (eNodeBs),
so it is possible to provide real-time, high-bandwidth, low-latency data processing. For this reason, it
can be utilized as one of the methods that can distribute the operation and processing process for data
without transmitting all data to the data center, central offices, and other branches of the network. It can
play an important role in reducing network congestion and improving applications by performing
related processing tasks closer to end-users or IoT sensor devices. Nowadays, standardization and
discussion on the standardization of technical requirements and frameworks related to MEC are
ongoing [3–6,9].
SDN is a conceptual architecture that decouples the control plane and data plane of the network and
enables network partitioning [11]. SDN architecture is divided into three categories: the physical
infrastructure layer, the controllable control layer, and the application layer. In other words, in SDN, the
network control function should be separated from the hardware such as the existing switch or router,
and it has a network structure that can be developed and executed separately from the data transfer
function. The ability to control the network is concentrated on the SDN controller. As a result, network
operators and administrators can simplify and manage their networks programmatically instead of
entering and managing manually from a variety of distributed network devices [11]. Network control
functions are separated from hardware such as switches and routers, and control-related programming
such as network topology configuration and routing is possible. This lets SDN not only create complex
paths that cannot be configured in existing networks but also effectively cope with changing traffic
patterns and quickly configure the virtual networks required in cloud environments.
The separation of the control plane and the data plane of the network has the advantage of being able
to respond more quickly to a malfunction caused by a problemand increase the flexibility and
availability of the network. These characteristics of SDN can lead to the implementation and
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performance improvement of various additional functions by using together with MEC and edge
computing. The OpenFlow protocol, standardized by the Open Networking Foundation (ONF), is used
between the control plane and data plane as a communication interface in the SDN environment [20,
21]. Using the OpenFlow protocol, the SDN controller can control the underlying network components.
Nowadays, several studies on the convergence of MEC and networking functions such as network
virtualization and SDN are actively underway. In [22], the authorsproposed the integration of SDN and
cloud-native virtualization schemes with the MEC to facilitate orchestration and management and to
support the mobility and QoS management of mobile edge hosts (MEH). They focused on seamless
end-to-end mobility of the vehicle networks and customized specific functions and architectural
components of MEC to their proposed architecture. In [23], the authorsproposed an MEC framework
for SDN-based LTE/LTE-A networks. They implemented an SDN-based MEC framework with ETSI
and 3GPP compliance and focused on how the LTE/LTEA network can fully cooperate with MEC and
SDN.

3. Proposed Architecture and Scheduling Scheme
In this section, we introduce the reference architecture and the proposed architecture first, followed
by the priority-based scheduling method. In addition, the scheduling model for reducing transmission
delay is illustrated.

3.1 Proposed Architecture
According to [5] from ETSI, MEC enables the implementation of MEC applications as software-only
entities that run on top of a virtualization infrastructurelocated in or close to the network edge.
In the illustration of the reference architecture of [5], the MEC system consists of MEC hosts and
MEC manager to run MEC applications within an operator network or its subnet. In the MEC system,
the MEC host means an entity that contains an MEC platform and a virtualization infrastructure to run
MEC applications, and the MEC platform indicates the collection of essential functions to run MEC
applications on the virtualization infrastructure. The document shows the variant version of the
reference architecture for MEC by using network function virtualization (NFV). We focuson this
feature and try to integrate the SDN features by alternating the virtualization infrastructure to the MEC
architecture.
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Fig. 1. Proposed architecture for SDN-enabled MEC.
First, we consider the OpenFlow switch function to be installed in the MEC edge, which is
responsible for collecting, storing, filtering, and transmitting data from the MEC hosts to the MEC
system. In addition, it should be possible to process a large amount of data in the vicinity of the source,
enabling efficient data processing; thus reducing Internet bandwidth usage. In case of the emergency
data, the data is also processed at the MEC edge host first. The controller function of the SDN network
is located in the MEC orchestrator to support the transmission of commands through a secure channel
between the controller and the MEC edge host using the OpenFlow protocol. By applying this
characteristic of the SDN network to the MEC reference architecture, we proposed a modified version
of the reference architecture that delivers data processed from the MEC edge hosts to the controller
through the MEC system. Fig. 1 shows the proposed architecture for the SDN-enabled MEC system.

3.2 Operating Process
We consider the terminal devices to be variable sensing devices and IoT devices, transferring
periodic data and emergency data according to their condition. Therefore, the MEC edges have to
process data aggregation and fast transmission to reduce bandwidth and process data transmission. The
operation processes are divided into two categories: one is for the normal operation for periodic data,
and the other is for emergency data. Each operation is introduced below.
3.2.1 Normal operation
Data generated by variable terminal devices such as sensors and IoT devices can be transmitted to the
MEC edge, which includes computing resources and storage devices for the direct processing of data
collection, data aggregation, and data transmission. The MEC edge allocates resources for the analysis
of periodic data collected from a number of devices; after performing a process of aggregating periodic
data delivered to the same destination, the collected information can be delivered to a data center or an
analysis server. The collected data is transmitted to the destination address through the data plane
through encapsulation as in normal data transmission, and the source address at this time can be the
address of the MEC edge. In the aggregation process, each data from the sensing device is aggregated
with their device identifier (ID).

Fig. 2. General infrastructure of basic MEC system.
In the MEC edge, if the received data is normal data, it is transmitted through the data plane
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according to the internal flow table. As mentioned before, the MEC edge has the SDN function of
OpenFlow switch, and the MEC can transmit data through the data plane. After the data arrives at the
MEC edge, the MEC edge looks up its flow tables for processing the data. If a table entry matches, the
MEC edge forwards the data to the data plane according to the rule. If it does not match the flow table
entry, a command for the data is requested by sending a packet-in message to the controller of the MEC
system. After receiving the packet-in message, the controller sends a rule to the MEC edge through a
packet-out message according to the classified data, and the MEC edge then adds a new entry to its
flow table and processes the data according to the rule. When the data arrives at the destination side, the
data center or analysis server takes care of the data. The collected data according to the device ID
extracted from the data arriving at the destination may be stored in a database or reflected to a situation
monitoring system. Fig. 2 shows the basic infrastructure of the proposed scheme, and Fig. 3 depicts the
operation process.
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Fig. 3. Data transmitting operation process using OpenFlow function in MEC edge.

3.2.2 Emergency data processing operation
If data arrives at the MEC edge, the MEC edge has to check a specific field labeled emergency to
separate emergency data from normal periodic data. The way of handling or representing emergency
data may vary depending on the using applications on each device. Therefore, this paper does not
discuss how to mark emergency on data because it is outside of the scope.
In the case of emergency data, it should be processed as fast as possible unlike periodic data.
Emergency data is also collected from sensing devices, but the processing operation differs from that
for periodic data. Periodic data is collected periodically during a certain time interval, whereas
emergency datacan occurrandomly but must be transmitted immediately. Therefore, the MEC edge
must be able to respond as quickly as the emergency data is received. If the MEC edge receives
emergency data, it follows the general OpenFlow operation like the other normal packets do. The MEC
edge packetizes the emergency data with its address as source address and prepares to send it to the
destination. Simultaneously, it transmits a packet-in message to notify the controller of the occurrence
of an emergency packet; after the controller receives the packet-in message, it checks and transmits a
packet-out message containing information on the fastest path among its cache table entry. The MEC
edge receiving the packet-out message changes or adds its flow table from the received message and
delivers to the suitable output port.After the OpenFlow-based function, the MEC edge checks the data
to determine whether to transfer the data enqueue to the priority queue or normal queue.
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3.3 Proposed Scheduling SchemeMethodology
The queue configuration takes place outside the OpenFlow function; therefore, the output packets
after flow table matching are queued in front of the MEC edge output port. In the OpenFlow protocol
specification, a switch can optionally have one or more queues attached to a specific output port, and
those queues can be used to schedule packets exiting the data path on such output port. Therefore, it is
reasonable for the MEC edge to have a function similar to the OpenFlow switch.
When the MEC edge finds out that the received data is emergency data, a scheduling method is
required to transmit emergency data ahead of the periodic data. When the data collected from the sensor
arrives at the MEC edge, the MEC edge performs the aggregation process with the received data; after
the aggregation processing, data are sequentially accumulated in an internal queue for transmission.
Generally, regular data is processed in order of arrival in the queue, called first-come first-served
(FCFS) manner, whereas the emergency or urgent data received from the sensor devices should be
processed preferentially compared to the other data. If the data to be processed first is included, the
FCFS method is not suitable.
Priority queue (PQ) is a method of solving the shortcomings of FIFO (first-in first-out) so that such
data to be processed prior to processing can be included. The general PQ method uses four queues
divided into four classes: “high,”“medium,”“normal,” and “low.” It follows the way that processes all
queues corresponding to the high-priority class first, and then processes the next lower class until the
queues are empty. In this case, the PQ method needs at least four queues for the classes. Of course, the
MEC edge is equipped with resources such as hardware that can perform calculations and processing;
for stable and efficient operation, however, wastage of resources must be prevented as much as
possible. Therefore, in this paper, we try to usetwokinds of queues, EQ and NQ, for periodic and
emergency data transmission.Among the data generated in the industrial IoT environment, it is assumed
that emergency data is only processed with EQ, and that all other cases such as periodic sensing dataare
processed with NQ. Fig. 4 shows the operation of the management of the data in queue at the MEC
edge.

Fig. 4. Enqueue and dequeue operation at the MEC-edge.
The algorithm of enqueue and dequeue is presented in Fig. 5. Emergency data and normal data are
stored in different queues, but enqueue and dequeue operations of each queue follow the general FCFS
method. Since the types of IoT devices are very diverse, emergency data and normal data are extracted
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from the header information of the sensing data packet. In the process of putting data in the queue for
passing on to the output port, the queue with the field value for priority or emergency processing and
the queue without the field value are distinguished, stored separately in two queues, and transmitted.

Fig. 5. Queueing algorithm in the MEC-edge.

3.4 SchedulingModel Analysis
In general, network delay refers to the time taken in the process of transmitting one data packet from
the source to the destination. Therefore, the calculation of network delay can generally be calculated as
the total sum of the transmission delay, propagation delay, processing delay, and queuing delay. Many
recent network devices are equipped with high-performance processors and vast amounts of memory
and storage devices to speed up the networking process. Moreover, the transmission technique using
5G supports transmission speeds of up to 1 Gbps and an average of 400–500 Mbps due to bandwidth
expansion. In case the same devices are used,or the performance of devices is similar, the distance to
the destination, the medium that delivers the packet, and the queuing delay—which is responsible for
processing in the queue—are factors affecting the delay. Therefore, in this section, the proposed
scheduling model focuses on the queuing delay of the network delay.First, we discuss the mean waiting
time of the basic FCFS manner and analyze the mean waiting time of the proposed scheduling model. It
is assumed that the controller has infinite buffer space, and that the MECedge has finite buffer space.
We also assumed that the transmission process of a data packet is completed without interruption, even
if an emergency packet arrives during the transmission process.The incoming packets are handled by
the M/G/1 queuing model considering the MECedge [24–26].
3.4.1 Mean waiting time
For the mean waiting time of FCFS and the proposed scheme, the non-Markovian queueing model is
selected. In the FCFS system, the packet arrival rate follows the Poison distribution, and the service
time follows the geometric distribution. In M/G/1-FCFS, the mean waiting time of an arriving data has
two components: the mean remaining service time of the job in service, and the sum of the mean
service times of the data in the queue at the time of data arrival. In the case of emergency data, it should
be processed faster than normal data. Therefore, M/G/1-FCFS scheduling is applied for emergency
data.We consider the non-preemptive prioritythat a queue in the MECedge can complete the processing
of ongoing data without interruption even if an emergency packet arrives.In addition, a logically
separate queue is maintained for normal data and emergency data. In other words, each time the system
becomes idle, the first data in the emergency queue are processed first. Several notations are used in
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each equation as presented in Table 1.
Table 1. Notations
Notation
̅
𝑊

Meaning
Mean waiting time

𝑁𝐸𝑄

Number of packets belonging to the emergency queue

𝑁𝑁𝑄

Number of packets belonging to the normal queue

𝑊𝐸𝑄

Waiting time of emergency packets

𝑊𝑁𝑄

Waiting time of normal packets

𝜌
𝑅̅
𝑆̅

The probability of 𝑠𝑒𝑟𝑣𝑒𝑟 𝑖𝑠 𝑏𝑢𝑠𝑦. The utilization of the server process.

𝜇

Service rate

𝜆

Arrival rate

Mean remaining service time in the server
Mean service time for a packet

̅ is calculated as follows according to the PollaczekWith the M/G/1 queue, mean waiting time 𝑊
Khinchin(P-K) formula:
̅ =𝑁
̅ ∗ 𝑆̅ + 𝑅̅
𝑊

(1)

̅means the number of waiting packets, and it is also represented as queue length.
In the equation, 𝑁
̅
𝑆means the service time needed to service a packet. 𝑅̅ indicates the mean residual service time of the
MECedge, which is processing data. In the case of idle state, the residual service time is obviously 0.
When a packet arrives in the queue, the job in service needs 𝑅̅ time units on the average to be finished.
In the proposed scheme, two queues are maintained for the emergency packet and non-emergency
packet as the normal packet. In general, the probability of utilization of the queueing process for an
ongoing service is represented as 𝜌. Therefore, the utilization of each queue is represented as 𝜌𝐸𝑄 and
𝜌𝑁𝑄 . When the utilization rate in a single server is less than 1, it is called the stable state. Therefore, it is
reasonable that 𝜌𝐸𝑄 + 𝜌𝑁𝑄 < 1 for the stable state. For the general holding time distribution, mean
1
̅
service time 𝑆can
be represented as . Due to the non-preemptive policy, it is reasonable for all packets
𝜇

to have the same service time distribution, and for residual service time 𝑅̅ to be the same as well.
Similar to the P-K formula, the mean waiting time of emergency packet ̅̅̅̅̅̅
𝑊𝐸𝑄 is calculated as follows:
1
̅̅̅̅̅̅
𝑊𝐸𝑄 = 𝑅̅ + 𝑆̅ ∙ ̅̅̅̅̅
𝑁𝐸𝑄 = 𝑅̅ + 𝜆𝐸𝑄 ̅̅̅̅̅̅
𝑊𝐸𝑄
𝜇

(2)

̅ = 𝜆𝑊
̅ , equation (2) is expressed as:
From Little’s equation 𝑁
̅̅̅̅̅̅
𝑊𝐸𝑄 =

𝑅̅

(3)

1−𝜌𝐸𝑄

̅̅̅̅̅̅
̅̅̅̅̅̅
In the case of 𝑊
𝑁𝑄 ,the waiting time differs from 𝑊𝐸𝑄 because its priority is always lower than
̅̅̅̅̅̅
emergency packets. Therefore, 𝑊𝑁𝑄 can be expressed as:
̅̅̅̅̅̅
𝑊𝑁𝑄 = 𝑅̅ + 𝑆̅ ∙ ̅̅̅̅̅
𝑁𝐸𝑄 + 𝑆̅ ∙ ̅̅̅̅̅
𝑁𝑁𝑄 +

1
𝜇

𝜆𝐸𝑄 ̅̅̅̅̅̅
𝑊𝑁𝑄

(4)

In equation (4), 𝑆̅ ∙ ̅̅̅̅̅
𝑁𝐸𝑄 + 𝑆̅ ∙ ̅̅̅̅̅
𝑁𝑁𝑄 indicates the time needed to serve emergency packets and normal
1
packets ahead in the queue. 𝜆𝐸𝑄 ̅̅̅̅̅̅
𝑊𝑁𝑄 means the time needed to serve emergency packets that arrive
𝜇
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during the waiting time of normal packets. As mentioned earlier, all packets have the same service time
distribution, and the mean service times of emergency packets and normal packets areconsidered
equivalent.By using Little’s equation, equation (4) is expressed as:
1
̅̅̅̅̅̅
𝑊𝑁𝑄 = 𝑅̅ + 𝜆𝐸𝑄 ̅̅̅̅̅̅
𝑊𝐸𝑄 +
𝜇

1
𝜇

1

𝜆𝑁𝑄 ̅̅̅̅̅̅
𝑊𝑁𝑄 + 𝜆𝐸𝑄 ̅̅̅̅̅̅
𝑊𝑁𝑄 = 𝑅̅ + 𝜌𝐸𝑄 ̅̅̅̅̅̅
𝑊𝐸𝑄 + 𝜌𝑁𝑄 ̅̅̅̅̅̅
𝑊𝑁𝑄 + 𝜌𝐸𝑄 ̅̅̅̅̅̅
𝑊𝑁𝑄
𝜇

(5)

Therefore, equation (5) is solved as follows using equation (3):
̅̅̅̅̅̅
𝑊𝑁𝑄 =

𝑅̅ +𝜌𝐸𝑄 ̅̅̅̅̅̅̅
𝑊𝐸𝑄
1−𝜌𝐸𝑄 −𝜌𝑁𝑄

=

𝑅̅

(6)

(1−𝜌𝐸𝑄 )(1−𝜌𝐸𝑄 −𝜌𝑁𝑄 )

In the single server, utilization 𝜌is derived as follows:
𝜌= 𝜆 ∗ 𝑐 ∗ 𝑆̅

(7)

In equation (7), 𝑐 means the number of servers; therefore, itis set to 1. Then the utilization rates of the
emergency packet and normal packet are expressed as:
𝜌𝐸𝑄 = 𝜆𝐸𝑄 𝑆̅ =

𝜆𝐸𝑄
𝜇

,

𝜌𝑁𝑄 = 𝜆𝑁𝑄 𝑆̅ =

𝜆𝑁𝑄

(8)

𝜇

Mean residual service time 𝑅̅ is derived as follows:
𝑅̅ =

̅̅̅̅
𝑆2
2𝑆̅

1 ̅̅̅
2 (9)
= 𝜆𝑆
2

𝜆is calculated as ∑𝑃𝑖=1 𝜆𝑖 according to the number of priorities P. In the proposed scheme, the data is
̅̅̅2 is expressed as 1 ∑𝑃𝑖=1 𝜆𝑖 ̅̅̅
divided into normal data and emergency data; therefore,P = 2. Likewise,𝑆
𝑆𝑖2.
𝜆

As a result, equation (3) can be expressed as:
̅̅̅̅̅̅
𝑊𝐸𝑄 =

𝜆𝐸𝑄 ̅̅̅̅
𝑆2
2(1−𝜌𝐸𝑄 )

.

(10)

In the same way, equation (6) is expressed as:
̅̅̅̅̅̅
𝑊𝑁𝑄 =

̅̅̅̅
2
∑2
𝑖=1 𝜆𝑖 𝑆𝑖
2(1−𝜌𝐸𝑄 )(1−𝜌𝐸𝑄 −𝜌𝑁𝑄)

=

̅̅̅̅
𝑆 2 (𝜆𝐸𝑄 +𝜆𝑁𝑄 )

.

2(1−𝜌𝐸𝑄 )(1−𝜌𝐸𝑄 −𝜌𝑁𝑄 )

(11)

4. Simulation Result Analysis
For the comparison between FCFS and the proposed scheduling scheme, the average waiting time
and processing delay are analyzed. First, the mean waiting time is analyzed by processing the EQ and
NQ data separatelyaccording to both change in system utilization (𝜌) and increase of arrival rate (𝜆).
For the experimental result analysis, the operation according to packet scheduling in one MECedge
environment to which the proposed scheme is applied is considered, and the delay according to the
mean waiting time and utilization is analyzed. The calculation results of the FCFS scheme were
measured considering the operation according to packet scheduling in an environment considered
normal MECedge nodes. In calculating the mean waiting time, we set the variances of arrival rate from
0.01 to 0.09 and the mean service time to 1. We consider the number of emergency packets to be 10,
and the number of normal packets is set to 90; therefore, the total number of packets is set to 100. In
other words, the ratio of emergency packet to normal packet is 1:9. Assuming a general IoT
environment, data transmitted from numerous IoT sensors generate more normal data than emergency
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data, so the ratio of emergency data to normal data is set to 1:9. Fig. 6 shows the simulation results
according to the utilization.
As shown in Fig. 6(a) and 6(b), cases that use the emergency queue or normal queue in the proposed
scheme consume less mean waiting time than FCFS. It shows that emergency data can be processed
faster when the system utilization rate is the low case (0.1) or normal case (0.5).When the system
utilization is high and the arrival rate is lower than 0.05, the waiting time of NQ increases compared to
that of FCFS. Even if the usage rate is high, however, it can be seen that, if the arrival rate gradually
increases, the waiting time of NQ can show better results than FCFS.
Since the results shown in Fig. 6 are only experimental results for cases using each queue
independently, it is necessary to use EQ and NQ together to compare with FCFS in order to compare the
proposed technique with the FCFS method. Therefore, other simulations are conducted by increasing
the change in arrival rate for low, normal, and high utilization as shown in Fig. 6, and the results of the
proposed scheme applying both EQ and NQ and the average waiting time of FCFS are presented in Fig.
7.
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Fig. 6. Mean waiting timeaccording to the variable utilization:
(a) ρ = 0.1, (b) ρ = 0.5, and (c) ρ = 0.9.
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Fig. 7. Mean waiting time comparison between the proposed scheme and FCFS:
(a) ρ = 0.1, (b) ρ = 0.5, and (c) ρ = 0.9.
In the proposed scheme, each utilization rate was applied differently according to the occurrence rate
of the emergency packet and normal packet in order to maintain a stable state. As a result, the
comparison of the FCFS and the proposed scheme using EQ and NQ shows results similar to the
previous results. Similar to Fig. 6(c), Fig. 7(c) shows that applying the proposed method does not yield
much difference from FCFS at low arrival rates. As the arrival rate increases, however, the difference in
mean waiting time increases proportionally.
In the case of mean waiting time, the proposed scheme has better performance than the FCFS
scheme, but the delay shows different results. In order to compare the queuing delay between the
proposed scheme and the FCFS method, the delay according to the increase in the system usage rate
was calculated, and the result is shown in Fig. 8. Fig. 8(a) presents the queuing delay of EQ, NQ, and
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FCFS, and Fig. 8(b) shows the variation of queuing delay of FCFS and the proposed scheme,which
applies EQ and NQ.
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Fig. 8. Queueing delay comparisons between the proposed scheme and FCFS:
(a) each case delay by utilization and (b) delay between the proposed scheme and FCFS.
As shown in Fig. 8(a), the EQ delay is very low compared to the FCFS queuing delay, but the
NQdelay gradually increases until the utilization ratereaches50%.Aftertheutilizationrateexceeds60%,the
delay increases rapidly.EQisalwaysprocessedbeforetheNQisprocessed.In the case of NQ, the existence
of EQ is determined first, and the data of NQ is processed. This is because the determination of the
existence of EQ increases as the utilization rate increases.
Fig.8(b)showsthecomparisonof
thedelaybetweentheproposedschemeandFCFS,
suggesting
thattheproposedschemeisslightlybetterthanFCFSat
less
than
60%utilization;
however,FCFSisbetterthantheproposedschemeat over60%utilization.As mentioned earlier, the reason
for the sudden increase in delay is that the proposed scheme processes emergency packets first, so there
is a delay in the process of processing general packets after the emergency packets are processed.
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Fig. 9. Processing time comparisons between the proposed scheme and FCFS.
According to the ratio of emergency packet to normal packet, the processing delay was calculated to
compare FCFS and the proposed scheme. The processing time was calculated by changing the number
of emergency packets from 100 to 900 based on a total of 1,000 packets. The variances of processing
time according to the increase in the ratio of emergency packets are shown in Fig. 9. In Fig. 9, the label
of the x-axis, “ratio,” represents the ratio of emergency packets to the total number of packets. In the
case of FCFS wherein more than half of the entire transmitted data transmits emergency data, it can be
seen that the processing time of emergency data increases rapidly.

5. Conclusion and Future Works
In the IoT environment, mobile edge computing can transmit data to destinations faster by reducing
transmission delays that may occur due to the transmission of data through several existing stepsand by
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giving the MECedge a calculating function. It is a technology for future industrial environments with
the advantage of being able to optimize and transmit a large number of data.
In this study, we suggested an SDN-based packet scheduling method for transmitting emergency data
inmobile edge computing environments. We tried to combine SDN into the MECedgeand proposed a
new scheduling method by using two kinds of queues in the MECedge. As a result of the simulation,
theproposedschemeshowsbetterperformancethanFCFSschedulingfortheemergencypacketprocessing; in
the case of normal data, however, the delay time may increase more than that of FCFS as the utilization
increases.
In the future, we will make efforts to refine the scheduling algorithm continuously to apply to various
environments and try to test in virtual and real environments.
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