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ABSTRACT With the increasing requirements for computing in modern society, Multi-access Edge Com-
puting (MEC) has received widespread attention for meeting low-latency. In MEC network, mobile devices
can offload computing-intensive tasks to edge servers for computing. Wireless Power Transmission (WPT)
provides initial energy for mobile devices, and the tasks of mobile devices consume energy when they are
locally calculated or completely offloaded. The combination of the two technologies forms the Wireless
Powered Mobile Edge Computing (WP-MEC) network. In this article, considering the impact of WPT
transmission time 7o, we study the offloading and scheduling of tasks for multiple mobile devices in the
WP-MEC network, which is an NP-hard problem. We formulate this scheduling problem to minimize the
time delay under the constraint of WPT transmission energy. We regard our problem studied in this paper
as a multidimensional knapsack problem (MKP). The difference is that the knapsack capacity in MKP is
limited, while in our problem, the knapsack that one item can choose is limited. Therefore, we improve the
Artificial Fish Swarm Algorithm (AFSA) and propose Computation Scheduling Based on the Artificial Fish
Swarm Algorithm (CS-AFSA) to find the optimal scheduling. We encode a scheduling scheme as an artificial
fish and regard the delay corresponding to the scheduling as the optimization object. The optimal artificial
fish can be gradually approached and determined through the swarm, follow and prey behavior of artificial
fish. The optimal artificial fish is the optimal scheduling scheme. More importantly, based on the original
behavior of AFSA, we also improve the scheme that does not meet the WPT energy constraint, including
the modification of infeasible artificial fish and insufficient artificial fish. Besides, we also consider how to
find the best WPT transmission time 7. Finally, we perform data simulation on the proposed algorithm.

INDEX TERMS Artificial fish swarm algorithm, WP-MEC network, WPT transmission time.

I. INTRODUCTION

With the explosive growth of the number of mobile devices
and the emergence of many emerging applications, the traffic
of mobile networks has grown exponentially. The traditional
centralized network architecture cannot meet the needs of
mobile devices due to the heavy backhaul link load and
long delay. Therefore, a new architecture that opens net-
work capabilities from the core network to the edge network
is proposed, named Multi-access Edge Computing (MEC).
However, mobile devices are resource-constrained in energy,
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which reduces the quality of service [1]. MEC can enhance
the computing power of mobile devices [2] and [3]. It allows
mobile devices to offload their intensive computing to edge
devices within coverage [4].

Wireless Power Transfer (WPT) uses half-duplex com-
munication to transmit and receive radio-frequency (RF)
power from edge devices to mobile devices at the same time
and the same frequency. The mobile devices can convert
the received RF power into electrical energy. The energy
collected by the mobile devices depends on the wave-
length of the radio frequency signal, the transmission power,
and the distance between the mobile device and the edge
device [5].
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Combined with Wireless Power Transfer (WPT), the Wire-
less Powered Multi-access Edge Computing (WP-MEC) net-
work is proposed by many people. In the WP-MEC network,
mobile devices harvest energy from edge devices through
WPT and then offload intensive and delay-sensitive com-
puting to edge devices through MEC. So, the energy con-
sumed by the mobile device cannot exceed the energy it
harvests through WPT. Due to half-duplex communication,
WPT and offloading processes cannot be performed at the
same time, whereas WPT and local calculation processes of
mobile devices can be performed at the same time. At this
time, the basic problem in the WP-MEC network becomes
how to schedule the computations to minimize the total
delay [6]-[8].

In this paper, we divide a continuous time into discrete
time slots whose length is L. A time slot is called 7. Each
discrete slot is small enough so that each mobile device has
only one task to be handled in a time slot 7. We simplify the
problem to study the computation scheduling in the time slot
T. Therefore, the time slot 7' can be divided into two parts.
The first part is WPT transmission time 7¢, and the other part
is offloading time 7-7¢. Since the result processed by the edge
device is far less than the amount of data before processing,
the time and energy consumed by the edge device to send the
result back to the mobile device can be ignored. We have to
consider both WPT transmission time 7( and task scheduling
in the WP-MEC network. At this time, the task scheduling
problem of the WP-MEC network becomes more complex.
We should consider the arrangement of WPT transmission
time 79 and the factors such as half-duplex communication.
How to find the optimal scheduling under the constraint of
WPT energy is the problem that we should solve.

The contributions of this article are as follows:

® We summarize the scheduling problem of the WP-MEC
network as minimizing the delay under the constraint
of WPT transmission energy. We want to find the best
WPT transmission time tp and scheduling to minimize
the total delay when the mobile devices perform task
offloading and calculation according to the scheduling,
while meeting the energy corresponding to the WPT
transmission time .

® We study on the basis of a given WPT transmission
time 19, how to perform task scheduling to minimize
the total delay, that is, Scheduling Algorithm when 7y
is known (STKA). Computation Scheduling Based on
the Artificial Fish Swarm Algorithm (CS-AFSA) is pro-
posed based on STKA. We find the candidate set of WPT
transmission time tp, and perform the STKA algorithm
on each element in the set to find the most suitable WPT
transmission time 7y and scheduling.

® Using the above algorithm for data simulation, the simu-
lation results show that the performance of our proposed
algorithm has been greatly improved.

The rest organization of this article is as follows.
In section II, we introduce the related work of this paper.
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FIGURE 1. An example of the WP-MEC network.

In section III, the problem definition and basic model of
how to minimize the total delay in the WP-MEC network
are carried out. Section IV proposes CS-AFSA to solve the
scheduling problem. The data simulation of the algorithm is
in section V. Section VI concludes the paper.

Il. RELATED WORKS

Scheduling is an important issue in the Internet of Things
(IoT) [14]-[17]. The computing scheduling problem of
multi-access edge network has been deeply studied in many
articles, and the research was summarized in [2] and [18].
Authors in [2] focused on how to schedule to minimize
the time delay in the MEC system. Authors in [18] stud-
ied how to schedule to minimize energy consumption in a
deadline-aware MEC system.

Authors in [3] maximized the perceived satisfaction,
by offloading portion of computing tasks to the different
MEC servers. In [25], deep learning and edge computing were
combined and used for efficient processing of huge amount
of data with distinct accuracy. But these networks were not
associated with WPT.

There are also some works about WPT. Authors in [26]
considered how to maximize the energy efficiency via joint
optimization of channel selection, time allocation, power
control, and so on. A cooperative secrecy transmission mech-
anism, which can use the transmitter signal of primary
user (PU) as a dedicated RF source, was proposed in [27].

The WP-MEC Network had been also considered in some
papers [6]-[11]. These works, with multiple mobile devices
and one edge device, can be divided into two types. The
first type of work focused on maximizing the computing
performance of the WP-MEC network. Authors in [6] studied
the use of only one mobile device and one edge to maxi-
mize the computational probability of the WP-MEC network
equipment. The algorithm proposed in [7] could maximize
the weighted sum calculation rate of all mobile devices in the
WP-MEC network.
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The second type of work is used to minimize the imple-
mentation cost of the WP-MEC network. The authors in [9]
considered that there was a WP-MEC network with only one
mobile device and one edge device. They proposed a dynamic
algorithm based on Lyapunov optimization to minimize the
execution cost of the WP-MEC network. The authors in [10]
considered the WP-MEC network with one edge device and
two nearby mobile devices. They proposed an algorithm to
minimize the energy consumption during transmission. How-
ever, all the work above on WP-MEC Network was based on
one edge device.

There is more than one edge device in WP-MEC Net-
work [12], [13], and [19]. The authors in [12] discussed
energy consumption with a single cloud server first, then con-
sidered multiple cloud servers. [13] proposed a new network
model aiming at improving users’ experience. The objective
in [19] was to minimize the total cost incurred.

Therefore, it is discussed in this paper that the WP-MEC
Network with multiple edge devices and multiple mobile
devices.

lIl. PROBLEM DEFINITION

A. SYSTEM MODEL

In this section, we assume a WP-MEC Network. There are n
mobile devices and m edge devices. The set of mobile devices
is defined as U = {uy, uy......u, }, and the collection of edge
devices is defined as E = {eq, e3......ep }.

Assuming that in the time slot 7', the data amount of the
task that the mobile device u; € U needs to process is c¢; bits.
The task is indivisible, which means that the mobile device
can only choose to complete all the data locally or completely
offload to an edge device for processing.

B. ENERGY HARVEST MODEL

All edge devices simultaneously transmit RF power in WPT
transmission time tp. Energy waves transmitted by multiple
edge devices simultaneously can be combined constructively
or in a destructive manner [28]. Constructive combination
refers to the fact that the received power from the combined
energy wave of multiple edge devices is higher than the
power received from a single edge device. Besides, the mobile
devices remain stationary in the time slot 7. It is assumed that
the initial energy of all mobile devices is zero at the beginning
of the time slot 7.

When all edge devices start to transmit RF power at the
same time in WPT transmission time tp, m RF power will
form a combined wave. Then, the energy harvested by the
mobile device u; in time T can be expressed as (1).

EZH = uPigitg, Yu;jeU (1)
where P; represents the combined wave transmission power
of m edge devices to the mobile devices u; € U. g; represents
the channel gain that is the gain of the downlink transmitting
the combined energy wave. It is a white Gaussian noise with
a constant mean, whose mean is a constant, and u €(0,1)
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represents the energy conversion efficiency for the mobile
device.

C. COMPUTATION MODEL

Any task from the mobile device ; in the time slot T can
only be calculated locally or be offloaded completely to an
edge device, and cannot be offloaded partially. If the energy
harvested by the mobile device u; is neither sufficient for
computing locally nor for offloading completely, the mobile
device will abandon its computing task in the time slot 7.
We divide mobile devices into two sets (M and M) according
to whether they have completed the computation task in the
time slot 7. The purpose of this operation is to facilitate
classification and subsequent processing of data that has been
offloaded to the same edge device. The set M means that the
mobile devices in the set have completed the calculation task
in the time slot 7. The set M means that the mobile devices in
the set have given up the task in the time slot 7. The set M can
be further divided into m+1 sets, Mo, M1, M3, ... M;,,. Among
them, the set M indicates that the mobile devices in the set
have completed the calculation locally. My (1< k < m)
indicates that the mobile devices in the set have completely
offloaded the data to the edge device ¢; for calculation. The
relationship between sets is:

M= Uy @)
M=U/M

1) LOCAL COMPUTING MODEL

Every mobile device u; in the My set completes the calculation
of ¢; bits data locally. ¢; is the CPU cycles required by the
mobile device to process 1 bit of data. f; is the CPU frequency
(cycles per second), whose maximum value is fyqx. T; is the
time used by mobile device u; to process data in the time slot
T, 7; < T. If mobile device u; can complete local calculation
in the time slot 7', t; is calculated as:

5= Vu; e My 3)
fi
At this point, the total time delay that mobile device u;
completes the task locally is

tl-L =1, YueMy 4

The energy consumption EL i of the local calculation is

EF =P, Yui e My 5)

where P; represents the local computing power of mobile
device u;.

At the same time, energy consumption EL i must satisfy
(6).

ELF <Ef, Vu; e My (6)

2) COMPLETELY OFFLOADING MODEL

In this part, the communication model is based on Non-
Orthogonal Multiple Access (NOMA) technique. As men-
tioned in the previous part, the time when the result is returned
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from the edge device is ignored. Therefore, we only focus
on the rate of the uplink from the mobile device to the edge
device, and how long the uplink takes.

First, some parameters are assumed. The data that mobile
device u; completely offloads to the edge device e for cal-
culation is ¢; bits in the time slot 7. The transmission power
from mobile device u; to edge device e is Pj, and the wire-
less channel gain is hj. The additive white Gaussian noise
is wik. If [hig > > hog|> > > g |? > > i | (the
number of mobile devices u; € My is b), the upstream rate
of mobile device u; € M; can be expressed as Rj. The
transmission delay uplink takes is 7j;. We can obtain

2
Pjk |hjk
Rj =logy(1 + ——— | -
. Zq=j+1qu |hqk| + wj @)
rjk=R—{, Vuj € My, 1 <k <m

ik
The CPU cycle required by the edge device to process 1 bit
of data is ¢. fi is the CPU frequency (cycles per second), and
the maximum is fiuax - Txj is the time taken by the edge device
ex to process the data of the mobile device u;.
=22 VueM 1<k<m ®)
i
The edge device e, can process ny tasks at the same time.
The ny41 task that is offloaded to the edge device will enter
the waiting queue. If the task of mobile device u; is the n-th
task offloaded to the edge device e, the waiting delay at this
time is
o = 0. m=me . cm ©)
T, h>ng
where 7; represents the processing delay of the fastest com-
pleted task among the current processing tasks of the edge
device.
At this point, the total delay for the mobile device u; to
completely offload and complete the calculation is

o w
L7 =Tk + TG+ Ty

: Vuj € My (10)

Energy consumption EO jk is defined as (we only consider
the energy consumption of mobile device offloading)

0]
Ey = Pjixtjr,

} Vuje My, 1 <k <m (11)

At the same time, (12) is satisfied.
EQ <Ef', VujeMi, 1 <k<m (12)
D. MODEL SUMMARY
We formulate the scheduling problem of the WP-MEC net-
work as minimizing the time delay under the constraint of

WPT transmission energy. When the WPT transmission time
7o is known, the total model is as follows:

. m
mint = E tiL + E E 0
u;eMy k=1 ujeMy J

st.Ef <E/', VujeMy, 1<k<m
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TABLE 1. Notation summary.

Notation Notation Description
u; (1<i<n) mobile device
ex (1<k<m) edge device
‘. the data mobile device u; needs to
' process in the time slot T
70 WPT transmission time 7o
o the energy that mqbile device u; harvests
m 7o
. the delay that mobile device u; processes
! data locally
/" the time delay that mobile device u;
! completes calculation locally
E the energy consumption that mobile
' device u; completes calculation locally
. the transmission delay that mobile device
o u; offloads its data to edge device ex
- the delay that edge device ex processes

the data of mobile device u;
- the waiting delay before edge device ex
processes the data of mobile device u;

the time delay that mobile device u;
t? completes calculation by offloading data

to edge device e
the energy consumption that mobile

E; device u; completes calculation by
oftloading data to edge device ex

EL <EF, wu e My

0 <fi <fmax, Yui€Mp
0 <fk <fimax, k€[l,m] (13)

The problem in (13) is an NP-hard problem because
it can be understood as Generalized Assignment Prob-
lem (GAP) [20]-[22], which is a special NP-hard prob-
lem [23]. To solve the problem in (13), we propose CS-AFSA
in the next section.

IV. ALGORITHM PROCESS

In this section, CS-AFSA is proposed to minimize time delay
under the constraint of WPT transmission energy. We mainly
use the modified Artificial Fish Swarm Algorithm (AFSA)
to determine the optimal scheduling. Since the change of the
WPT transmission time 7o will affect the determination of the
scheduling, we first study how to find a scheduling scheme
with the smallest delay when the WPT transmission time is
known, and propose STKA. Then we determine the candidate
set of WPT transmission time 7, and perform STKA for each
element in the set, compare and determine the most suitable
WPT transmission time 7y and scheduling.

A. THE MODIFIED AFSA
First, we briefly introduce the knapsack problem. The back-
pack problem is defined as: given a set of items, a backpack.
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Each item has its own value and weight, and the backpack
has a certain capacity. How to get the highest value under
the premise that the weight of the items loaded into the
backpack does not exceed the capacity of the backpack. When
the backpack is expanded from one to multiple, and each
backpack may have different capacity limits, how to place the
items can maximize the total value obtained? This becomes
the problem of multiple backpacks. AFSA can be well used
for the multidimensional knapsack problem (MKP).

The problem studied in this paper can be roughly regarded
as MKP. The mobile device is regarded as an item and the
edge device is regarded as a backpack. At this point, our
problem becomes how to arrange scheduling can minimize
the delay under the constraint of WPT transmission energy.
The difference between our problem and MKP is that the
capacity of the backpack in the MKP is limited, whereas the
capacity of our backpack is unlimited. In this paper, due to the
limitation of the obtained energy, the tasks of mobile devices
are intelligently offloaded to some edge devices. There is no
limit to the number of tasks received by the edge device, but
when the number of tasks received exceeds the number of
tasks that the edge device can handle at the same time, the task
must enter the waiting queue.

According to the difference between the problem in this
article and the MKP, we modify AFSA, which is mainly
reflected in the repair of infeasible artificial fish and insuf-
ficient artificial fish, and the calculation of waiting time
delay.

1) THE REPAIR OF INFEASIBLE ARTIFICIAL FISH AND
INSUFFICIENT ARTIFICIAL FISH

Infeasible artificial fish means that the total weight of a
backpack placed in the corresponding scheduling method of
the artificial fish exceeds the capacity limit of the backpack.
It can be repaired by the "random repair" strategy. In this
paper, the energy consumed by local computing is an order
of magnitude less than the energy consumed by complete
offloading, so the algorithm steps are as follows:

(1) If a task is calculated locally, we compare the energy
consumed by the local calculation and the amount of energy
obtained, and consider whether (6) is satisfied. If the obtained
energy cannot meet the local calculation, the task will be
abandoned in the time slot 7 and set it to —1, put the task
into the M set;

(2) If a task is completely offloaded and calculated,
we compare the energy consumed by the complete offloading
and the amount of energy obtained, and consider whether (12)
is satisfied. If the acquired energy cannot satisfy the com-
plete offloading, other mobile devices are randomly selected
for mobile devices to offload, and the comparison of the
energy relationship is repeated. For mobile devices that can-
not be completely offloaded, the task will be given up in
the time slot 7 and set it to —1. Then put the task into
the M set;

Insufficient artificial fish means that the volume in some
backpacks is not fully utilized. After repairing the infeasi-
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ble artificial fish, there may be some tasks that cannot be
offloaded to any mobile device and are abandoned. These
tasks may be executed locally. The algorithm steps are as
follows:

For each task in the M set, judging the local calculation can
be performed according to (6). If (6) is satisfied, the task is
set to 0. Then we put the task into the My set.

We put the repair of infeasible artificial fish after AFSA
performs any action, and put the repair of inadequate artificial
fish behind the infeasible artificial fish.

2) THE CALCULATION OF WAITING TIME DELAY

Since each edge device can only process ny tasks at the same
time, the tasks that come later must enter the waiting queue
to wait. The calculation steps of waiting time delay are:

(1) For each scheduling, an artificial fish, all tasks are
sorted and stored according to which edge device it is
offloaded. For example, task 5, 6, and 8 are offloaded to the
edge device e; and stored in array al.

(2) The tasks that are offloaded to the same edge device ex
are sorted according to the offload delay and stored in array
ak.

(3) The first n tasks of the edge device ¢; begin to execute
at the same time. When one of the tasks is completed, the first
task in array a; which is not calculated is marked and calcu-
lated. The waiting delay of the task is the calculation delay of
the completed task plus the task calculation delay, assuming
that the edge device starts to calculate after all tasks arrive.

The basic algorithm of the AFSA will not be introduced in
detail. For the detailed process and algorithm introduction of
the Artificial Fish Swarm Algorithm, please read [24].

Then, the scheduling process of Algorithm 1 is elaborated.
For example, during initialization, an artificial fish {—1, 2, 3,
0, 3} is generated. This artificial fish represents a scheduling
scheme that the mobile device u; gives up its task, the mobile
device uy offloads its task to edge device e, the mobile
device u3 and us offload their tasks to edge device e3, and
the mobile device us completes its task locally. Then the
swarming, following, and preying behaviors are performed
in turn to approach the optimal artificial fish. After a finite
number of iterations, the optimal artificial fish is the optimal
scheduling scheme.

B. SCHEDULING ALGORITHM WHEN < IS KNOWN (STKA)
In the previous part, we proposed modified AFSA. On this
basis, we study how to perform optimal scheduling with
the minimum delay when 7y is known. The specific steps
of the algorithm are shown in Algorithm 2, which is also
called Scheduling Algorithm when tg is known (STKA). The
algorithm steps are as follows:

Step 1 (line 1 to 6). the initialization of network parameters
and calculation of local delay, local energy consumption,
completely offloading delay, and complete offload energy
consumption.

Step 2 (line 7). the Modified AFSA is called.
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Algorithm 1 Modified AFSA

Algorithm 3 CS-AFSA

Input: the number of mobile devices n; the number of
edge devices m; maxcircle and maxiteration.
Output: the scheduling scheme with the minimum
delay, that is, the optimal artificial fish.
1. AF_init(afx);
2. afx] <afx; afx2 <—afx;
3. for 1<circle<maxcircle
4. for 1<iteration<maxiteration
AF_swarm(afx1);
AF_infeasible(afx1);
AF_inadequate(afx1);
bestl < AF_value(afx1);
9. AF_follow(afx2);
10. AF_infeasible(afx2);
11. AF_inadequate(afx2);
12. Best2 < AF_value(afx2);
13. if(best]l <best2)

el AR

14. afx=afx1;
15. else
16. afx=afx2;
17. endif

18. the bulletin board updates the best artificial fish and
the minimum delay

19. end for

20. output the optimal artificial fish and minimum delay
recorded on the bulletin board

21. end for

Algorithm 2 STKA
Input: the number of mobile devices n; the number of
edge devices m; 1¢; network parameters, including u, B, T,
maxcircle and maxiteration.
Output: the scheduling scheme with the minimum
delay, that is, the optimal artificial fish.
1. data initialization;
EHi < Eq. (1);
delaylocal; < Eq. (3);
volumelocal; <— Eq. (5);
delay (i, k) < Eq. (7);
volume (i, k) <— Eq. (8);
call the Modified AFSA;

NN AL

C. COMPUTATION SCHEDULING ALGORITHM BASED ON
AFSA (CS-AFSA)

In STKA, we assume the value of WPT transmission time g,
and find the optimal scheduling under this condition. In CS-
AFSA, we will get a set of WPT transmission time 7( possible
values, and output the scheduling with the least delay under
the energy constraint and the value of WPT transmission time
70. Applying STKA to each time in the WPT transmission
time set (WPTS), we can find the scheduling and WPT trans-
mission time that can minimize the delay in the time slot 7.
Specific steps are as follows:
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Input: the number of mobile devices n; the number of
edge devices m;
network parameters, including u, B, T, 8, maxcircle and
maxiteration.
Output: WPT time 7y and the scheduling scheme with
the minimum delay, that is, the optimal artificial fish.
1. tjp < the time when (6) takes the equal sign, the energy
harvested just meets the energy transmission time con-
sumed by local calculations;
t; < the time when (12) takes the equal sign;
add Tmin O=min {t;, t;|1< i < n} to WPTS;
add Tmax O=max {T-t;|1< i < n} to WPTS;
add elements {tg, #;|1< i < n} that not in WPTS to
WPTS;
sorts of elements in WPTS;
forl<l <$§
if (WPTS[/]-WPTS[I-1] < B (T -WPTS[!]))
0. add WPTS[/]- B (T -WPTS[I]) to WPTS;
10. endif
11. end for
12. forl<il<$§
13. 1o =WPTS[!];
14.  call the algorithm 2;
15. end for
16. output the scheduling scheme with the minimum delay
and the value of 7(;

Nk e

el

(1) Determine the boundary of the candidate set WPTS. The
acquired energy should allow at least one mobile device
to complete the calculation. The shortest energy trans-
mission time at this time is tg, and add it to the WPTS.
The maximum energy transmission time should allow at
least one task of mobile devices to be offloaded to the
edge device, which is recorded as 79, and add it to the
WPTS.

(2) The energy consumption of all mobile devices locally
or completely offload is calculated. Let the energy con-
sumed equal to the energy harvested. That is the equal
sign in (6) or (12) is satisfied, then g is obtained. If there
is no such element in the WPTS, 7 is added to WPTS.

(3) Then we sort all elements in WPTS. Supposing there are
& elements in total, and WPTS[/]-WPTS[I-1] < B (T -
WPTS[!]) is satisfied, 1< [ < §, 8 >0. If the formula
is not satisfied, add WPTS[/]- 8 (T -WPTS[/]) to the
WPTS.

D. ANALYSIS OF COMPUTATIONAL COMPLEXITY

The complexity analysis of CS-AFSA is calculated below.
CS-AFSA consists of two parts. The first part is STKA. In the
STKA, what affects its complexity is the Modified AFSA.
The complexity is O(mn?), where m represents the number of
edge devices and n represents the number of mobile devices.
In the Modified AFSA, the complexity of prey behavior plays
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TABLE 2. Execution time of CS-AFSA.

the number of mobile . .
execution time /s

devices
n=30 0.7520
n=40 0.8637
n=50 1.0202

an important role. In prey behavior, first of all, all mobile
devices should be traversed, and each mobile device should
be traversed again to find the optimal solution within the
visual range. So, in O(mn?), n needs to be squared.

The second part is CS-AFSA. We call STKA in a loop
statement. Therefore, it affects the complexity of CS-ASFA.
The complexity is O(8mn?*), where § represents the number
of candidate elements in WPTS.

Therefore, the complexity of our entire algorithm is
O(smn?).

Finally, the execution time of the proposed CS-AFSA is
provided in Table 2. Please refer to Part V for the setting of
system parameters. From Table 2, we can see that CS-AFSA
can be implemented in real-time or close to a real-time
manner.

V. SIMULATION

In this section, we use data simulations to evaluate the per-
formance of the proposed CS-AFSA. This article studies the
scheduling problem of the WP-MEC network with multiple
edge devices to minimize the delay. We use mobile phones
as mobile devices. The uplink frequency we use is 890-
909MHz, and the downlink frequency is 935-954MHz. The
bandwidth is 19MHz. First, we compare the proposed algo-
rithm with two special cases.

Only Completely Offloading Scheduling (OCOS): In
OCOS, we do not allow local calculations. Every task must
be completely offloaded to one edge device and calculated.
The rest of the algorithm is the same as CS-AFSA.

Only Local Computation Scheduling (OLCS): In OLCS,
we set the WPT transmission time to 7". All tasks that satisfy
(6) can be computed locally, and those that are not satisfied
will be given up in the time slot 7'.

Refer to [8] and [23] for the setting of simulation param-
eters. The length of the time slot 7 is L = 0.5s. The trans-
mission power of each edge device is P = 3W. The local
computing power of mobile device u; is P; € [0.02, 0.08] W.

The offloading transmission power from u; to ex is Py €
[0.05, 0.15] W. The amount of data needed to be computed
by the mobile device u; in the time slot is ¢; € [50,200]
kb. At the same time, some system parameters are y = 0.6,
B = IMHz, fyu = 0.5GHz, g; = 1.4375, x; = 10728,
¢; = 1000cycles/bit, fimax €lf, 2, [ 3]- There are also
some AFSA related parameters: afstep = 2, afvisual = 4, §
= 0.0618. After this, we evaluate the system performance of
CS-AFSA through two parts: the network size and the system
parameters.
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FIGURE 2. The impact of n on time delay.

A. THE IMPACT OF NETWORK SIZE

In this part, we evaluate the impact of network size on
CS-AFSA, the OCOS, and the OLCS. In the following simu-
lation, the system parameters of CS-AFSA are setto 7 = 0.5,
B =0.6, u =0.6.

First, we evaluate the minimum delay of CS-AFSA. In this
simulation, m = 5, n changes from 10 to 80. Fig. 2 compares
the performance of the CS-AFSA, the OLCS, and the OCOS.
In Fig. 2, we can see that with the increase of n, the minimum
delay of the three algorithms tends to increase overall. This
is because when the number of n increases, the number of
tasks offloaded to each edge device increases, which causes
the edge device to be overloaded and delays the comple-
tion of tasks. It can also be seen that when #n is less (n =
10, and 20), there is basically no difference in performance
between CS-AFSA and OCOS. The reason is that the pro-
cessing speed of edge devices is much faster than that of
mobile devices. When n is small, the delay caused by queuing
is very small. Therefore, almost all the mobile devices in
CS-AFSA choose to offload their tasks to edge devices, so
the performance is close to OCOS. As n increases, the delay
caused by queuing increases. Some mobile devices have to
abandon offloading calculations and switch to local calcula-
tions. Therefore, the gap between OCOS and CS-AFSA has
gradually increased.

Then in this simulation, n = 30 and m changes from 1 to 8.
Fig. 3 compares the performance of the CS-AFSA, the OLCS,
and the OCOS. In Fig. 3, we can see that as m increases,
the minimum delay of OLCS is almost straight. It is because
the increase in the number of edge devices has no impact on
the system that can only compute locally. Since the amount
of data ¢; of our mobile device in the time slot 7" is randomly
generated within 50kb-200kb, our simulation results are not
a completely straight line. With the increase of m, the perfor-
mance of OCOS and CS-AFSA are gradually getting better.
Overall, the performance of our proposed CS-AFSA is better.

B. THE IMPACT OF SYSTEM PARAMETERS
In this part, we evaluate the impact of system parameters
on the CS-AFSA. In the following simulation, when each
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FIGURE 4. Time delay varies with g.

parameter changes, we draw three curves corresponding to
n =30, n =40, and n = 50.

First, from Fig. 4, we can see that as 8 increases, the time
delays of the three curves gradually become larger; when
B remains unchanged and the three curves are compared,
the CS-AFSA’s time delay has gradually become larger.
In CS-AFSA, we know that the generation of candidate val-
ues in WPTS is related to §. When g is too large or too
small, it may affect the generation of WPTS, which in turn
affects the value of 7p, and affects the final time delay. We
can also see that the system delay when g = 0.6 is the
smallest.

Secondly, from Fig. 5, we can see that the system delay
corresponding to 7 = 0.5 is the smallest. When T > 0.5 or
T < 0.5, the delay increases to a certain extent. When 7T is
too small, tasks of some mobile devices may not be able to
complete offloading computation due to the time constraint,
and can only choose local computation. When T is too large,
tasks of some mobile devices that originally calculated locally
have time to offload. The computational burden of edge
devices is increased, and therefore the delay becomes longer.
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FIGURE 7. Time delay varies with different computation intensities.

Then we consider the impact of energy conversion effi-
ciency p on the proposed algorithm. From Fig. 6, we can see
that when p is large (i > 0.5), the system delay is small, and
decreases as w increases. In theory, we hope u as large as
possible, because ;& = 1 is equivalent to the mobile device

74681



IEEE Access

T. Lietal:

Computation Scheduling of Multi-Access Edge Networks Based on AFSA

0.3 : ; ; ‘
—A— CS-AFSA (n=30)
—&— CS-AFSA (n=40)
0.25 CS-AFSA (n=50) ]
02+ 1

average time delay (s)
4
o

4

0.05

FIGURE 8. Average time delay varies with different computation
intensities.

receiving all the energy transmitted by the edge device. It
means that there is no loss of energy during transmission.
However, in actual situations, due to interference from factors
such as noise, mobile devices cannot receive the same amount
of energy as the transmitting end. In this article, to obtain a
better time delay, we set u = 0.6.

Finally, the impacts of different computational intensities
are considered in Fig.7. We express the different compu-
tational intensities by multiplying the amount of data by a
coefficient «. So that we can get some indicative scalability
results. From Fig.7, we can see that with the increase of «,
that is, the increase of calculation intensity, the time delay
to complete all the calculations is also increasing. It must
be pointed that time delay is the sum of the time it takes to
complete all the tasks from the mobile devices. From Fig.8,
we derive the average time delay required for a mobile device
to complete its task, whether the task is locally calculated or
offloaded to one edge device. For example, when o = 1 and
n = 40, the average time delay is 0.068s.

VI. CONCLUSION

In this paper, we study the scheduling problem of the
WP-MEC network with minimum delay under the constraint
of WPT transmission energy. We need to jointly consider
WPT transmission time allocation and mobile device comput-
ing scheduling in the WP-MEC network, which is an NP-hard
problem. Therefore, we propose CS-AFSA. The first step is
to modify the Artificial Fish Swarm Algorithm and apply it
to our WP-MEC network. Then we consider the offloading
problem of the WP-MEC network when WPT transmission
time 7¢ is given. STKA is proposed to solve this problem.
Finally, the candidate set of WPT transmission time tp is
determined, and STKA is called for each element in the
set, and finally CS-AFSA is formed. CS-AFSA changes the
WPT transmission time while considering the calculation and
scheduling of mobile devices to find the minimum delay
that satisfies the constraints. Finally, extensive simulations
are performed to verify the performance of the proposed
algorithm.
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