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Abstract 

Digital economy is regarded countries as an inevitable choice to promote economic growth and provides new 
opportunities and new paths for the high-quality development of economy. For the Chinese market, the strong base 
behind cloud computing is the unstoppable development trend of the digital economy. In digital economy, the 
cloud as infrastructure becomes the base of the pyramid to build the digital economy. To relieve the pressure on the 
servers of the digital economy and develop a reasonable scheduling scheme, this paper proposes a fine-grained task 
scheduling method for cloud and edge computing based on a hybrid ant colony optimization algorithm. The edge 
computing task scheduling problem is described, and assumptions are set to simplify the difficulty of a scheduling 
solution. The multi-objective function is solved by using a hybrid ant colony optimization algorithm which solves 
computational problems by finding the optimal solution with the help of graphs. Ant colony optimization algorithm 
is easy to use and effective in scheduling problems. The proposed scheduling model includes an end-device layer 
and an edge layer. A terminal device layer consists of devices used by the clients that may generate computationally 
intensive tasks and are sometime uncapable to complete the tasks. The proposed scheduling policy migrates these 
tasks to a suitable place where they can be completed while meeting the latency requirements. The CPUs of the idle 
users on the end-device layer are used for other CPU-overloaded terminals. The simulation results, in terms of energy 
consumptions, and task scheduling delays, show that the task scheduling performance is better under the application 
of this method and the obtained scheduling scheme is more reasonable.
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Introduction
In the era of the digital economy, each economic entity 
has broken through the time and space constraints faced 
in the past economic development, transcending geo-
graphical location to form an efficient interconnected 
cloud link network, accelerating the inter-regional flow 
of factors, optimizing resource allocation efficiency, blur-
ring industrial boundaries, exposing all provinces to the 

same development opportunities, and forming a collabo-
rative, open and shared economic model. Due to the dif-
ferences in the level of technology, policy orientation, and 
market foundation, there are differences in the develop-
ment capacity of the digital economy among provinces, 
which in turn manifests itself in obvious regional differ-
ences in the level of development of the digital economy 
[1–3].

In the context of the digital economy, the peer effect, 
competition effect, spillover effect, and imitation effect 
are easily formed between regions. In this case, cross-
regional factor circulation and information transmis-
sion are more convenient, and there is a strong spatial 
dependence between provinces and regions, which helps 
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to narrow the regional gap in digital economy develop-
ment, i.e., there may be spatial convergence charac-
teristics of digital economy development. An accurate 
grasp of the current spatial and temporal distribution 
and spatial convergence characteristics of China’s digi-
tal economy development is an important prerequisite 
for grasping the opportunities of the digital economy 
and helping to implement the strategy of coordinated 
regional development [4].

Intelligent edge computing and cloud computing tech-
nologies help enterprises reduce costs and improve effi-
ciency and have many advantages such as high security. 
According to a survey report by the China Academy of 
Information and Communications Technology, intel-
ligent edge computing and cloud computing help save 
costs recognized by 95% of enterprises, and about 12% of 
enterprises believe that intelligent edge computing and 
cloud computing can save more than half of the cost, and 
42.6% of enterprises believe that intelligent edge comput-
ing and cloud computing have improved IT operational 
efficiency [5–7].

In the construction of smart cities, intelligent edge 
computing and cloud computing can coordinate mas-
sive terminals, on-demand control, and shared resources, 
which can precisely meet the massive electronic termi-
nals and network data involved in the process of smart 
city construction. As the base platform of the digital 
economy, the cloud ecology is tandem bearing industrial 

Internet, big data, artificial intelligence and Internet of 
things, and other digital economy industries. As a capi-
tal refueling station for startups, investment institutions 
provide continuous replenishment for enterprises in the 
cloud ecosystem and profoundly influence the develop-
ment and evolution of the industrial landscape [8].

The concept of cloud computing is not uniformly 
defined in academia, but there are commonalities among 
the definitions. In general, users are divided into two 
types: cloud service providers and cloud users [1, 9–11]. 
Cloud service providers are responsible for building and 
maintaining pools of cloud resources, and cloud users use 
these resources and pay certain fees. Cloud computing is 
characterized by large scale, easy scalability, flexible ser-
vices, and openness and transparency. Cloud computing 
service types can be divided into three categories: foun-
dation-as-a-service (IaaS), platform-as-a-service (PaaS), 
and software-as-a-service (SaaS), as shown in Fig. 1. With 
the development of IoT and wireless communication 
technologies, many emerging intelligent IoT application 
devices have emerged, making IoT end devices need to 
run and process a large amount of computation-intensive 
data, such as autonomous driving, face recognition and 
natural language processing, and other tasks with high 
requirements for latency and energy sensitivity.

The computing power, and battery life of IoT ter-
minal devices have certain limits to effectively handle 
applications that require low latency and low energy 

Fig. 1 Types of cloud computing services
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consumption. At the same time, traditional cloud com-
puting is unable to handle the explosive growth of edge 
data, thus mobile edge computing needs to be focused by 
the researchers. The concept of mobile edge computing 
and the related theorem is the process of migrating the 
tasks to be processed by IoT end devices to the edge of 
the mobile network and processing them through radio 
access points (RANs) or base stations (BSs). The RAN 
has strong storage and computing capabilities, which 
can provide services and computing capabilities for 
the nearest mobile IoT terminal devices, thus meeting 
the requirements of low latency, low energy consump-
tion, high reliability, and continuous wide area coverage 
[12–14].

The terminal device used by the clients generate com-
putationally intensive tasks, which cannot complete the 
tasks with the resources provided by the local device 
and need to develop a reasonable scheduling policy 
for them to migrate the tasks to a suitable place, which 
can complete the tasks while meeting the task latency 
requirements. Therefore, this paper combines the basic 
ant colony algorithm with a genetic algorithm to realize 
the fine-grained task scheduling of edge computing with 
high efficiency, to provide reference for the task sched-
uling problem of edge computing. The scheduling model 
consists of the end-device layer at the bottom and the 
edge layer at the top. The terminal device layer includes 
cell phones and tablets used by the client. The end device 
layer consists of idle end users that have no tasks to pro-
cess. At some moments their CPUs are idle and can be 
used for other CPU-overloaded terminals. The edge 
server comes with a base station which receives the tasks 
sent to it, and then sends the processing results to the 
mobile user through the base station when the task pro-
cessing is completed to finish the task scheduling.

The motivation for the subject study is that the existing 
state-of-the-art methods have the following shortcom-
ings and limitations. These may include the following two 
fundamental drawbacks:

(1) When scheduling fine-grained tasks, it can choose 
the appropriate edge node for offloading according 
to its own needs, but how to choose the appropri-
ate edge node becomes a key issue when scheduling 
fine-grained tasks.

(2) According to the previous scheduling scheme, the 
least energy consumption or the shortest delay time 
is selected as the target, and the edge node with 
the shortest distance is chosen for task scheduling. 
However, this scheduling scheme does not consider 
the resource capacity of the edge nodes, which can 
lead to task congestion and task scheduling failure, 
while at the same time, some edge server nodes 

may be idle in the edge network, resulting in wasted 
computing resources.

(3) To address the above limitations and to relieve the 
pressure on the servers of the digital economy and 
develop a reasonable scheduling scheme, this paper 
proposes a fine-grained task scheduling method for 
cloud and edge computing based on a hybrid ant 
colony optimization algorithm.

The rest of the paper is organized as follows. Related 
work section lists the current research status of the digi-
tal economy for intelligent edge computing and cloud 
computing and makes a detailed analysis and summary 
of the research status. In the third section, the comput-
ing architecture of digital economy development based 
on intelligent edge computing and cloud computing is 
discussed. Experiments and results section discusses 
the experimental setup and the experiments, which vali-
dates the theoretical part and analyzes it. Conclusion 
and future work section presents the conclusion of the 
research study and the future directions.

Related work
Digital economy and the use of Edge and Cloud Com-
puting technologies in economy have been a hot topic of 
research during the past decade. In this section, we sum-
marize the current research trends in this area.

Research on the digital economy development
After the global economic crisis, the world economy 
entered a period of deep change and structural adjust-
ment, and the role of the old driving force for economic 
growth, represented by international trade and invest-
ment, has weakened significantly, and the economic 
recovery is sluggish. While the traditional economy con-
tinues to be in the doldrums, the internet digital indus-
try, mainly based on the new generation of information 
technology such as cloud computing, big data, and arti-
ficial intelligence, has emerged as a new driving force for 
economic recovery and development and a new driving 
force for optimizing the economic structure [15, 16]. As 
a new economic form that takes over the agricultural and 
industrial economies, the internet digital industry, with 
digital knowledge and information as the key production 
factors, not only deeply integrates with the three tradi-
tional industries and penetrates each other, but even sur-
passes the three above-mentioned industries in a certain 
sense, setting off a technological change that effectively 
enhances productivity and changes production methods, 
profoundly affecting the world economic landscape.

As a new economic form of global attention, the 
internet digital industry is regarded by many countries 
as an inevitable choice to promote growth and adjust 
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the structure and provides a new path for the high-
quality development of China’s economy. However, 
unfortunately, although the development of the inter-
net digital industry has been generally paid attention to 
by governments, and scholars and research institutions 
have started to conduct research on related topics and 
obtained some useful findings, the development path of 
the internet digital industry is different from any pre-
vious economic form and is disruptive to traditional 
economic models, relevant research is still in the explo-
ration stage and has not yet formed a more systematic 
research framework. However, because the develop-
ment path of the internet digital industry is different 
from any previous economic form and subversive to the 
traditional economic model, related research is still in 
the exploratory stage and has not yet formed a more 
systematic research framework, which not only lacks an 
in-depth discussion on the mechanism and mechanism 
of the internet digital industry to promote high-quality 
economic development but also has not yet formed a 
broad and unified basic concept, clear and rich inter-
pretation of connotation and relatively clear measure-
ment ideas, which undoubtedly seriously hinders the 
continuous promotion and in-depth development of 
related research [17–20].

Tracing the evolution process, we can find that the for-
mation of the concept of the internet digital industry is 
inseparable from the promotion of information technol-
ogy and the digitalization process. As early as the 1960s, 
the application of the information revolution in the eco-
nomic field first formed the concept of the information 
economy, and the development of the industrial economy 
was dominated by traditional industries such as steel, 
energy, and automobiles, unlike the information econ-
omy, in which new industries such as chips, integrated 
circuits. In the early 1990s, thanks to the rapid develop-
ment of technologies such as the Internet, databases, and 
multimedia, countries began to implement information 
superhighway programs one after another, significantly 
saving time and energy, increasing labor productivity, 
and bringing huge economic benefits. Since then, schol-
ars have pioneered the description of the internet digital 
industry as an economy that uses bits rather than atoms, 
revealing the essential difference between the internet 
digital industry and the traditional economy, as well as 
the digital and network-based qualities of the internet 
digital industry. Driven by new technologies such as 
cloud computing, the Internet of Things, and artificial 
intelligence, the internet digital industry has gradually 
penetrated non-information industries, and its outreach 
has continued to expand to social media and search 
engines, and the development of the internet digital 
industry has entered a golden age.

In this context, many governments have formu-
lated strategic plans for infrastructure construction, 
application model innovation, and integration of the 
internet digital industry with the traditional economy. 
Scholars and research institutions have also conducted 
some research based on the development of the inter-
net digital industry and tried to define the concept of 
the internet digital industry and explain the connota-
tion of the internet digital industry. The internet digi-
tal industry is a new and special economic form that 
is distinctly different from agricultural and industrial 
economies and is the sum of a series of digital-based 
economic activities oriented to the optimization of 
resource allocation. From this perspective, the internet 
digital industry is the total economic output brought 
by all kinds of digital inputs, including digital skills, 
digital equipment such as hardware, software, and 
communication, and other digital intermediate prod-
ucts and services used in the production process, 
which have a positive effect on the improvement of 
economic efficiency. Like the steam engine and elec-
trical technology revolutions that gave birth to the 
industrial economy, the internet digital industry is an 
inevitable product of the information technology revo-
lution and the networking of the economy and society 
through digital technologies [21].

The above analysis shows that the internet digital 
industry is a series of economic activities based on 
the new generation of information and communica-
tion technology, modern information networks as an 
important carrier, and digital knowledge and informa-
tion including digital technology, digital equipment, 
and other digital intermediate goods and services 
used in the production chain as production factors to 
achieve production and consumption, cooperation and 
exchange, and social governance.

In fact, with the rapid development of technologies 
such as the Internet of Things, artificial intelligence, 
and cloud computing. The internet digital industry 
includes not only the information industry, but also tra-
ditional industries or fields such as logistics and trans-
portation, and industrial control, which are undergoing 
digital transformation, and are constantly changing the 
operation mode of the economy and society through 
the integration of technology, industry and produc-
ers and consumers. Therefore, the internet digital 
industry is not only an inevitable product of the deep 
development and comprehensive application of infor-
mation and communication technology but also a new 
economic form after the agricultural and industrial 
economies, as well as a new driving force for economic 
growth [22].
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Intelligent edge and cloud computing
Many organizations and scholars have discussed cloud 
computing from different perspectives. Foster, the father 
of grid computing, sees cloud computing as a comput-
ing aggregation using distributed computing, driven by 
economies of scale, to provide users with a dynamically 
scalable resource management platform and services via 
the Internet. The National Institute of Standards and 
Technology consider cloud computing as a computing 
model of resource sharing through the network, where 
CPU, storage, and application services are resources that 
exist in a dynamic resource pool, with minimal overhead 
for rapid access, use, and release of resources [23]. IBM 
proposes that cloud computing is a platform or an appli-
cation, and server types can be divided into real physi-
cal servers Users can access the cloud platform anytime 
and anywhere, and the platform implements a dynamic 
configuration of cloud resources so that resources in 
the cloud can be stored and used on demand to achieve 
efficient utilization of resources. The China Institute 
of Electronic Technology Standardization believes that 
cloud computing is a computing model that flexibly sup-
plies and manages pools of physical and virtual machine 
resources, and users use the network to obtain scalable 
and shared resources according to their own needs.

Infrastructure-as-a-service is located at the bottom 
layer. As shown in Fig.  2, IaaS provides basic hardware 
resources such as CPU and storage to users as a service 
to support computing and storage. Users can develop 
and deploy operating systems and applications without 
purchasing hardware equipment such as servers, storage 

devices, and network devices. Users can obtain services 
through the network by paying certain fees based on the 
amount and time of resource usage, which greatly saves 
users’ costs. At present, IaaS mainly provides service sup-
port for PaaS and SaaS and provides an environment for 
companies with hardware needs. These companies can 
choose different hardware configurations to develop their 
own applications through IaaS according to their busi-
ness needs. At present, the mainstream IaaS platforms 
include OpenStack, Cloud-Stack, and Amazon Elastic 
Cloud [24–26].

Platform-as-a-Service PaaS is in the second layer, and 
its service is like the operating system on the hardware. 
It provides platform environment support for the devel-
opment, testing, and operation of user applications, and 
realizing the customization of the application environ-
ment. The configuration and maintenance of the devel-
opment environment are handed over to the platform 
service provider, which greatly improves the efficiency 
of developers [27, 28]. At present, the mainstream PaaS 
platforms include Google App Engine, Microsoft Win-
dows, Azure, and Cloud-Foundry. Figure  3 shows the 
PaaS structure of Cloud-Foundry.

With the popularity of IoT, edge computing has devel-
oped rapidly, and intelligent algorithms represented by 
deep learning are increasingly deployed to edge comput-
ing devices, constituting an important end-side comput-
ing power for the Internet of Everything. However, the 
network structure of deep learning algorithms is highly 
variable, the number of layers and parameters are unu-
sually large, and the demand for computing power 

Fig. 2 Structure of IaaS (Infra-structure as a Service)
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resources is increasingly complex and diverse. Edge 
intelligent computing faces many practical challenges in 
terms of computing power, power consumption, size, and 
cost, the most important of which is the conflict between 
computing power and power consumption. Intelligent 
computing has not only been used in digital economy, 
but widely been used since long for different types of 
intelligent services generation in the fields of wellbeing 
[29] and sustainable environment [24]. During the recent 
years, a series of network light-weighting techniques such 
as network pruning, parameter quantization, and model 
distillation have emerged in the study of edge intelligent 
computing applied to practical scenarios, while also rely-
ing on hardware acceleration techniques to achieve a bal-
ance between arithmetic power and power consumption. 
Hardware adaptation is a representative implementation 
means among hardware acceleration techniques, among 
which hardware implementation of heterogeneous paral-
lel computing platforms has received wide attention [30].

In order to solve the contradictory problem of arith-
metic power and power consumption in edge intelligent 
computing and to cope with the complex and diversified 
demand for arithmetic resources in the edge-side imple-
mentation of intelligent algorithms represented by deep 
learning, traditional computing platforms have been 
optimized in terms of instruction model, communication 
mechanism and storage system to improve the comput-
ing speed, reduce energy loss and enhance the adapt-
ability to deep learning algorithms. However, compared 
with traditional computing platforms, heterogeneous 
parallel computing platforms not only need to continu-
ously improve instruction and data parallelism and code 

density in the instruction model; increase data trans-
fer rate and reuse rate in communication mechanism; 
improve access speed, reduce access delay reduction, and 
access power in the storage system, but also present a 
series of new problems and challenges.

Currently, although processors of different archi-
tectures have been integrated into the same chip, the 
instruction models they use are still different, and the 
compatibility of execution models has not been fun-
damentally solved, making it difficult to manage tasks 
during heterogeneous parallel computing and making 
development more difficult. The development of dedi-
cated instruction sets helps to solve this problem, but 
their generality is not high, and the application scope 
is limited. To design a unified and common instruction 
model to realize the deep integration of on-chip hetero-
geneous processors, provides support for heterogeneous 
core task management, and provides further develop-
ment convenience for R&D personnel is a major chal-
lenge for heterogeneous parallel computing platforms 
in technology development. Deep learning-related algo-
rithms are mostly data-intensive, requiring large access 
bandwidth and small latency, otherwise, they are prone 
to the problem of storage walls. Edge computing, how-
ever, is severely constrained by power consumption, 
which puts higher requirements on the on-chip com-
munication mechanism, that is, the data communication 
mechanism must be light enough.

The fundamental and key issues incurred by the exist-
ing methods include the following. First, how one can 
choose the appropriate edge node for offloading accord-
ing to one’s own needs. Second, these scheduling schemes 

Fig. 3 Structure of PaaS (Platform as a Service)
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do not consider the resource capacity of the edge nodes, 
which could lead to task congestion and task schedul-
ing failure. Third, wastage of computing resources due 
to idleness of some of the edge server nodes in the edge 
network. Other issues include the difficulty of managing 
tasks during heterogeneous parallel computing and mak-
ing development more difficult, and to be able to design 
a unified and common instruction model to realize the 
deep integration of on-chip heterogeneous processors 
etc. The current study focuses on the solutions to these 
problems.

Methods
Edge computing task scheduling refers to reasonably 
assigning tasks that should originally be handled by local 
servers or central clouds to server nodes at the edge of 
the network to relieve the task processing pressure on 
local servers or central clouds and reduce task process-
ing latency. Mobile edge computing is a new mobile com-
munication network technology that provides a network 
environment at the edge of the mobile network to cache 
many tasks from the network. The technology can handle 
more complex network edge tasks, and mobile edge com-
puting has a better task computing capability to analyze 
and process tasks. This section presents the architecture 
of the Fine-grained task scheduling model proposed in 
this paper.

Overall architecture
The scheduling model is divided into the end-device layer 
at the bottom and the edge layer at the top. The termi-
nal device layer mainly includes cell phones and tablets 
used by the client. Some of them generate computation-
ally intensive tasks, and are incapable to complete the 
tasks with the resources provided by the local device. 
They need to have a reasonable scheduling policy to 
migrate the tasks to a suitable place, where they can be 
completed while meeting the task latency requirements. 
Another part of the devices in the end device layer con-
sists of idle end users that have no tasks to process. At 
some moments their CPUs are idle and can be used for 
other CPU-overloaded terminals. The overall composi-
tion structure based on intelligent edge computing and 
cloud computing used in this paper is shown in Fig.  4. 
Each edge server comes with a base station whose role is 
to receive the tasks sent to it, and then send the process-
ing results to the mobile user through the base station 
when the task processing is completed.

Fine‑grained task scheduling algorithm for digital 
economy services
The granularity refers to the criterion of differentia-
tion according to the detailed degree of project module 
division. The more an edge computing task scheduling 
module is divided, the smaller each sub-module is, and 

Fig. 4 Architecture of the proposed model
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the more detailed is the work it is responsible for, i.e., the 
finer the granularity it belongs to. So the difficulty and 
energy consumption in scheduling fine-grained tasks are 
higher as compared to coarse-grained task scheduling. 
When scheduling fine-grained tasks, it can choose the 
appropriate edge node for offloading according to its own 
needs, but choosing the appropriate edge node becomes 
a key issue when scheduling fine-grained tasks. Accord-
ing to the previous scheduling scheme, the least energy 
consumption or the shortest delay time is selected as 
the target, and the edge node with the shortest distance 
is chosen for task scheduling. However, this scheduling 
scheme does not consider the resource capacity of the 
edge nodes, which can lead to task congestion and task 
scheduling failure, while at the same time, some edge 
server nodes may be idle in the edge network, resulting in 
wastage of computing resources.

To address the above issues, several assumptions need 
to be made before task resource scheduling. Assumption 
1: Only one edge node can be considered as the sched-
uling object for task scheduling; Assumption 2: There is 
energy exhaustion of computing resources at the edge 
nodes; Assumption 3: The topology of the edge network 
is known and the distance between each server node in 
the topology and the local server and the central cloud 
is known; Assumption 4: The demand for computing 
resources for each task is known and varies; Assump-
tion Condition 5: Several virtual machines inside the 
edge node work in parallel mode; Assumption 6: The 
task scheduling process is executed continuously without 
intermittent execution; Assumption 7: The information 
of the task transmission channel is known.

The task scheduler can obtain the priority of task 
scheduling, i.e., it completes the task scheduling order 
design work. The task scheduler sorts the tasks by calcu-
lating the priority index of the tasks, and then sorts the 
tasks to be scheduled in the order from the largest to 
the smallest. The priority index calculation formula is as 
follows.

where Si represents the priority index of fine-grained task 
i ; Ai represents the saturation degree of fine-grained task 
i ; di represents the relative weight ratio; α represents the 
balance index; bi represents the deadline moment of fine-
grained task i execution; ci represents the start moment 
of fine-grained task i execution; wi represents the value 
of fine-grained task i execution; W  represents the total 
value of fine-grained task; ti represents the maximum 
elapsed time; n represents the number of fine-grained 
tasks. Based on the calculated task priority index, a task 

(1)
Si = Ai − (Ai − di) · α

=
ti

bi−ci
−

ti
bi−ci

−
wi
W · n

scheduling sequence scheme is designed. Fine-grained 
task scheduling aims to solve two problems: the energy 
required for task scheduling (energy consumption) 
and the time required for task scheduling (time delay). 
For these two problems, the objective function set in 
this study is a multi-objective function. The function is 
described as follows.

where minY  represents the integrated objective mini-
mum; y1 represents the fine-grained task scheduling 
energy consumption; y2 represents the fine-grained task 
scheduling delay; Qi represents the energy consumption 
and delay when task i is processed locally; Pi represents 
the scheduling decision factor, when equal to 0, task i is 
considered to be processed locally, and when equal to 1, 
task i performs scheduling processing; qij represents the 
edge server assignment factor, when equal to 0, task i is 
not assigned to edge server j for scheduling, when equal 
to 1, task i is assigned to edge server j for scheduling. qij , 
Ti represent the energy consumption, latency of task i 
processing on edge nodes the energy consumption and 
time delay; m represents the number of edge servers.

The Ant Colony Optimization Algorithm (ACO) per-
forms the edge computing fine-grained task scheduling 
merit-seeking procedure. ACO uses artificial ant, an 
agent that searches for optimal solutions to a problem. 
The different solutions generated are compared and 
the procedure is repeated until an optimal solution is 
found. The Ant Colony Optimization Algorithm in the 
general form is given in Algorithm 1.

Algorithm 1. 
In our proposed approach, the Ant Colony Algo-

rithm will work as described in the steps given below in 
Algorithm 2.

(2)

minY = y1 ∪ y2

y1 = Qi(1)− Pi

[

Qi(1)−
∑m

j=1
qijQi(2)

]

y2 = Ti(1)− Pi

[

Ti(1)−
∑m

j=1
qijTi(2)

]
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Algorithm 2. 

Experiments and results
The proposed method was simulated, its performance 
was evaluated and compared with other methods. This 
section summarizes the experimental setup and the 
results.

Experiment setup
To facilitate the comparison and analysis of simulation-
based experiments, the following comparison scheme is 
set up to compare and analyze the proposed algorithm 
with various techniques such as simulated annealing par-
ticle swarm algorithm (PSOSA), discrete binary particle 
swarm algorithm (BPSO), simulated annealing algorithm 
(SA), all offload (OFFLOAD), and all local (LOCAL).

Scheduling simulation tests were performed in a work-
station with Intel Core i7CPU@2.80  GHz, NVIDIA 
GeForce GTX1050Ti and 8  GB RAM. The parameters 
and configurations for performing experiments to evalu-
ate performance of the proposed method, are shown in 
Table 1. The application scenario for this test is a digital 
economy service center in a region. The use of edge com-
puting enables the server to complete the entire moni-
toring process of video stream acquisition, compression, 
storage, detection, display, and final control at the edge 
of the network, while solving the problems of disconti-
nuity caused by excessive pressure on the core network 
that prevents timely forwarding of them. Considering 
that mobility is an inherent property of edge computing 
servers, when users switch between small areas, it may 
lead to server switching, and there are differences in the 
attributes and configurations of different servers, so this 
paper realizes mobility management through the coop-
eration of edge computing system and attributed location 
register.

According to the core industry classification criteria, 
the output of the core industry is calculated by indus-
try, and then the output of each industry is summed up, 
which is the total output of the core industry of digital 
industry; the added value of the core industry of digital 
industry is calculated by industry, and then the added 

value of each industry is summed up, which is the added 
value of the core industry of digital industry. First, cal-
culate the total output of digital industry in industry i . 
Assume that the proportion of the total output of digital 
industry in industry i to the operating income of digital 
industry in it is equal to the proportion of its total output 
to its total operating income. Use the proportion of the 
operating income of digital industry in industry to the 
total operating income to realize the transformation of 
the total output of industry to the total output of digital 
industry in industry, as shown in the following equation:

where Sdit is the digital industry operating income of 
industry i in year t , Sit is the total operating income of 
industry i in year t , GOit is the total output of industry 
i in year t , GOd

it is the total output of industry i in year t , 
and S

d
it
Sit

 is the contribution rate of industry digital industry. 
Next, the value-added rate of industry i digital industry 
is calculated. Assume that the industry digital industry 
intermediate consumption rate is equal to the industry 
intermediate consumption rate, i.e., the value-added rate 
of industry i digital industry is equal to the value-added 
rate of industry i:

where VARd
it is the value-added rate of industry i digital 

industry in year t , and VARit is the value-added rate of 
industry i in year t . Again, value added of digital indus-
try in industry i is calculated. Using the total output of 
digital industry in industry i and the value-added rate of 

(3)GOd
it = GOit ·

Sdit
Sit

(4)VARd
it = VARit

Table 1 Simulation test parameters

Name Parameters

Emulation area size 5000m × 5000m

Number of edge servers 10pcs

Number of base stations 10pcs

Base station coverage radius 100m

Number of fine-grained tasks 100pcs

Task reach rate 0.5pcs/s

CPU frequency of edge server 20GHz

Edge server computing power 5GHz/cycle

Time slot length 0.5s

Channel Bandwidth 5MHz

Number of Channels 10

Task data volume 10~ 100MB

Maximum delay limit 12s

Transmission power 0.8W
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digital industry in industry i multiplied together to calcu-
late the value added of digital industry in industry i , see 
equation:

where VAd
it is the value added of industry’s digital indus-

try in year t . Finally, the total value added of the core 
industries in the digital industry is calculated. The 
total value added of digital industry in each industry is 
summed to get the total value added of core industry in 
digital industry in each year, see equation:

where VAd
t  is the value added of the digital industry core 

industry in year t . The hybrid ant colony algorithm pro-
posed in the article is used to schedule 1000 fine-grained 
tasks to test their convergence performance. We use 
value of fitness function to determine how effective is 
the proposed approach. The fitness function takes a solu-
tion as input and outputs how close is the solution to the 
optimal solution. The faster the value of the fitness func-
tion reaches the lowest point, the better the performance 
of the algorithm. Figure 5 (a) shows the value of the fit-
ness function which quickly reaches 0. This indicates the 
effectiveness of the algorithm as shown in Fig. 5 (b).

The value of the fitness function of this method 
reaches the lowest point when the number of iterations 
is 200, i.e., this method achieves convergence at this 

(5)VAd
it = GOd

it · VAR
d
it

(6)VAd
t =

∑

i

VAd
it

time. The effectiveness of the method improves further 
when the number of iterations is increased.

Experimental results
Under the same simulation test conditions, differ-
ent experiments were carried out using the improved 
NSGA-II-based scheduling method, the adaptive genetic 
algorithm-based scheduling method, the DRL-based 
scheduling method, and the fireworks model-based 
scheduling method, and compared with the hybrid ant 
colony optimization algorithm proposed in this study. 
The five task scheduling schemes are simulated and run 
simultaneously, and 100 tasks are scheduled to 10 edge 
server nodes, and their energy consumption of schedul-
ing and the time delay are compared. Energy consump-
tion of an algorithm refers to how many CPU cycles it 
runs and how much power does it consume. Today, in 
data processing systems, organizations are interested in 
energy efficient algorithms because the data volumes are 
growing and data processing is becoming more and more 
complex. We also use time delay or latency (in seconds) 
of the fine-grained task scheduling to determine the per-
formance of proposed approach.

The results are shown in Figs.  6 and  7. The highest 
scheduling energy consumption is 150kWh at the base 
station bandwidth of 1.4  kHz. The reason for the lower 
scheduling energy consumption is that the hybrid ant col-
ony algorithm is used to select the edge server node for 
the next task scheduling according to the transfer prob-
ability during the scheduling process, which reduces the 

Fig. 5 Algorithm convergence speed test
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Fig. 6 Energy consumption of the proposed method

Fig. 7 Task scheduling delay of the proposed method
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influence of interference factors when selecting the band-
width. As can be seen from Fig. 6, the fine-grained task 
scheduling delay of the proposed method is smaller when 
the forward link rate is the same, and the highest delay 
is 5 s. The main reason is that this paper’s method opti-
mizes the ant colony algorithm using genetic algorithm, 
which improves the scheduling performance of the algo-
rithm and avoids falling into local optimum. Therefore, it 
can be seen in Figs. 6 and 7 that the energy consumption 
and latency of the hybrid ant colony task scheduling are 
smaller compared with the other four scheduling meth-
ods, which also indicates that the scheduling method of 
this paper performs better, and the resulting scheduling 
solution is more reasonable.

Conclusion and future work
The digital economy in the twenty-first century has a great 
role in the healthy development of economy of a country. 
Modern day technologies such as cloud computing, big 
data, and blockchain are continuously strengthening pol-
icy, research and development. By promoting the integra-
tion between the digital economy and the real economy, 
China can significantly grow its economy and can com-
pete the largest economies of the world. To improve task 
scheduling in the intelligent edge infrastructure and cloud 
computing, in this paper we proposed a fine-grained task 
scheduling technology, combining genetic algorithm and 
the ant colony algorithm to achieve fine-grained task 
scheduling for edge computing through a hybrid algo-
rithm. The simulation test results prove its effectiveness, 
and the derived scheduling scheme is more reasonable 
and can be used for digital economy real-time services 
and development prediction.

However, in the current study, the proposed system 
has been tested in environment with no large volume of 
data. We plan to extend our work by using large scale 
data and big data analytics technologies. We plan to ana-
lyze different types of task scheduling and task offloading 
to improve the comprehensive performance of the pro-
posed method. Scheduling in the edge computing plat-
form is challenging due to the fact that different service 
providers such as network, resource, and storage have 
competing goals. Moreover, the user costs along with the 
providers’ profits should be taken into account when run-
ning different applications in the edge platform. In the 
future, we will consider these competing goals while pro-
posing new scheduling methods.
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