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 Resource allocation in fog computing is inherently a challenging task due to the increase in the number of fog users working on 

multifarious fog applications in some of the infrastructure. The majority of resource allocation techniques existing till have focus 

on providing performance driven by the workload of the applications from diverse domains like scientific and business. This 

paper presents a detailed review of meta-heuristics algorithms for resource allocation in fog computing environment. The 

reviewed meta-heuristic algorithms are capable of achieving much higher performance, reduction in a cost, reduction in time, 

improve utilization of resources, improve energy efficiency while resource allocation in fog. 
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1. INTRODUCTION 

      During the last few years, Cloud Computing has 

significantly improved access to networked computing 

resources and the way they can be utilized, often based 

on pay-as-you-go pricing models [1]. The cloud 

environment reduces the computing and storage load 

of traditional data storage system. After the 

development of IoT, several problems come to light in 

the cloud computing platform.  

The number of Internet of Things (IoT) devices has 

increased for developing of new IoT applications in 

many different domains to enhance the quality of 

human life [2, 3].With the rapid development of IoT 

applications, In order to enhance Cloud Computing 

technology, another approach called Fog Computing 

(aka fogging) has recently been introduced [4]. fog 

computing is an emerging distributed computing 

paradigm that has recently attracted the attention of 

both industry and academic community for 

guaranteeing the requests of computational 

applications in IoT smart devices [5, 6]. Fog Computing 

is a new architecture for the internet of things, with an 

intermediate layer between local and Cloud. In Cloud 

data have been moved on large servers remotely, away 

and accessible via the Internet. But the Cloud model is 

not perfect. Above all it is designed to hold the data but 

not to react in real time. And the real time is the key for 

the internet of things: without this readiness we could 

not run the cars that drive themselves, smart cities, and 

so on [7]. 

Fog Computing is a highly virtualized platform that 

provides compute, storage, and networking services 
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between end devices and traditional Cloud Computing 

Data Centers, typically, but not exclusively located at 

the edge of network [8]. The Fog extends the Cloud to 

be closer to things that produce and act on IoT data. 

These devices, called fog nodes, can be deployed 

anywhere with a network connection: on a factory 

floor, on top of a power pole, alongside a railway track, 

in a vehicle, or on an oilrig.  

Since The resource allocation is an important issue 

because of the fairness in resource allocation that 

ensures the Quality of Service (QoS) standards, which 

displayed in Figure 1. In this regard, different data 

streams are separated and different denial-of-service 

attacks are disputed to ensure a high standard of 

security, which is obtained by resource allocation. The 

available resources are considered as an exchangeable 

energy, processing power, and storage capabilities. This 

network has progressed in performance by allocating 

these IoT resources efficiently. The IoT has distributed 

and heterogeneous nature, therefore, its optimal 

resource allocation is not negligible [9, 10]. However, 

there are many new challenges for resource allocation 

in the fog computing, which needs new solutions. 

Resource discovery and monitoring play an important 

role in supporting the resource allocation. Since 

resource allocation plays an important role in the fog 

computing. Furthermore, due to the fog nodes have 

generally energy consumption problem, the efficient 

resource allocation effects on fog nodes lifetime. On the 

other hand, due to the highly variable and 

unpredictable fog environment, it necessitates the 

resource management issues as one of the challenging 

problems to be taken into account in the fog landscape. 

Hence, the reasonable management of fog nodes even 

for the case studies maximum load and high mobility is 

necessary to increase the fog computing efficiency [11]. 

In this paper, the emergence of fog computing with 

different resource allocation strategies has been 

discussed by using various parameters such as 

utilization, customer satisfaction, price, reliability, 

demand, efficiency, power generation, resource 

utilization and the last but most important aspect of fog 

quality (QoS) [13]. 

1.1 Metaheuristic Approaches 

Standard resource allocation methods are not enough 

for fog as they are depended on virtualization 

mechanism with distributed environments. Due to 

heterogeneity in the strength of Hardware, load 

balancing, and features towards meet the Service Level 

purpose of fog purchaser applications, fog computing 

propose new challenges for manageable and flexible 

resource allocation. The utmost objective of computing 

fog computing resources is to maximize profits 

received by fog suppliers and reduce the financial costs 

of fog users [14]. However, traditional approaches are 

much easier to understand, and easier to use than other 

algorithms such as analytical processes and identical 

numerical programming. The outcome is not 

guaranteed to be correctly generated by approaches 

[15]. 

 
(a) FOC method. 

 
(b) API method. 

Figure 1: A fog framework provides current resource 

availability information of all fog nodes to streamline 

the resource allocation process. Two standard 

approaches are to use an FOC (hardware overhead) or 

to use an API (software overhead) to query fog and 

distribute IoT tasks [12]. 
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 “Meta” and “heuristic” come from Geek, means 

“higher” or “beyond” and later meaning “know” or 

“investigate.” Meta-heuristics are particularly suited 

for combinatorial optimization problems, given that, 

although they are not usually guaranteed to find the 

optimal global solution, they can often find a 

sufficiently good solution in a decent amount of time. 

Therefore, they are an alternative to exhaustive search, 

which would take exponential time. Meta-heuristics 

can also be easifly applied to many problems, given 

that they are not problem-specific. Meta-heuristics 

often incorporate some form of randomness in order to 

escape from local minima. Therefore, introducing new 

meta-heuristic approaches to address weaknesses is a 

major problematic problem [16]. Some of the 

meta-heuristics algorithms using in resource allocation 

in fog computing details are given in “Table1. Some 

meta-heuristic algorithms from (1975 to 2021) and using 

in fog computing”. 

Table 1. Some meta-heuristic algorithms from (1975 to 

2021) using in fog computing 

Sr. No Algorithm Acronym Introduced By Year 

1 Genetic 

Algorithm  

GA Holland[17]  1975 

2 Simulated 

Annealing 

SA Kirkpatrick et 

al.[18] 

1983 

3 Tabu Search  TS Glover[19]  1986 

4 Ant Colony 

Optimization  

ACO Dorigo[20]  1992 

5 Particle Swarm 

Optimization 

PSO Kennedy and 

Eberhart[21]  

1995 

6 Differential 

Evolution   

DE Storn and 

Price[22]  

1997 

7 Harmony Search  HS Geem et al.[23]  2001 

8 Artificial Bee 

Colony Algorithm  

ABC Karaboga[24]  2005 

9 Bees life 

algorithm 

BCO Teodorovi[25] 2005 

10 Cat Swarm 

Optimization 

CSO Chu et al. [26] 2006 

11 Honey bee 

Mating 

Optimization 

HbMO Haddad et 

al.[27]  

2006 

12 Firefly Algorithm  FA Yang[28]  2008 

13 Cuckoo Search   CS Yang and De 

[29]  

2009 

14 Modified Cuckoo 

Search 

MCS Walton[30] 2009 

15 Simplified swarm 

optimization 

SSO Yeh, et al. [31] 2009 

16 Bat Algorithm  BA Yang[32]  2010 

17 Spiral 

Optimization 

SO Tamura and 

Yasuda [33]  

2011 

18 Teaching 

Learning Based 

Optimization 

TLBO Rao et al. [34]  2011 

19 Wolf Colony WCA.1 Liu et al[35] 2011 

Algorithm 

20 Termite Hill 

Algorithm 

TA Zungeru[36] 2012 

21 Grey Wolf 

Optimizer 

GWO Mirjalili[37] 2014 

22 Crow Search 

Algorithm 

CSA Askarzadeh[38] 2016 

23 Dragonfly 

Algorithm 

DA Mirjalili[39] 2016 

 

Many aspects of meta-heuristics exist, and the 

diversity of novels is often promoted by the 

distribution of resources in number of fields. There are 

numerous outstanding and significant meta-heuristic 

algorithms in the section of fog computing environment 

for the management of resources such as Genetic 

Algorithm (GA) ,Cuckoo Search (CS) , Gray wolf 

Optimization (GWO) , Simulated Annealing (SA),Ant 

Colony Optimization (ACO) , Artificial Bee Colony 

Algorithm (ABC) ,Firefly Algorithm (FA) , Honey bee , 

Crow Search Algorithm (CSA), Termite Hill Algorithm 

(TA) and many more. Some of the most important 

metaheuristic approaches using in fog are listed in 

Table 1.  

For allocation of resource in fog Computing, some of 

the Meta-heuristic approaches are used like Teaching 

Learning Based Optimization (TLBO),Artificial Bee 

Colony (ABC), Harmony Search(HS) ,Ant Colony 

Optimization (ACO),Gravitational Search 

Algorithm(GSA), Cuckoo Search (CS) Algorithm, 

Firefly Algorithm(FA), Genetic Algorithm (GA), 

Shuffled Frog Leaping Algorithm (SFLA) , Particle 

Swarm Optimization (PSO) are discussed in next 

section.  

An agenda of this paper is to study and analyze the 

Allocation of resources into fog environment with 

various metaheuristic techniques. The flow of the paper 

is: Section 2 contains the Review and Analysis of 

metaheuristic algorithms used to solve the allocation 

problem of resources. In Section 3, we present the 

conclusions and future scope. 

2. ANALYSIS OF THE ALGORITHMS 

In fog computing, it is preferable to explore for the right 

resource allocation solution in the limited time. 

Methods depend on Meta-heuristic have been proven 

to produce the right results at the right time for this 

type of issues. An overview of fog computing depends 
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on set of advanced metaheuristic techniques, and a 

survey of these metaheuristic processes is presented. 

2.1 Particle Swarm Optimization (PSO) 

PSO approach, an appropriate meta-heuristic 

algorithm to optimize continuous nonlinear functions. 

This algorithm was influenced by the idea of bird 

cruelty, frequently seen in groups of animals, like flocks 

and in the sea in the concept to find the greatest 

solution [21]. PSO contains a community called as 

swarm and each candidate (birds, fishes, and insects) 

are taken as particles, they are developed by random 

situations and velocities.  

This study [40] has suggested a three-layered 

architecture comprising of cloud, fog and consumer 

layers is proposed. A meta-heuristic algorithm: 

Improved Particle Swarm Optimization with Levy 

Walk (IPSOLW) is proposed to balance the load of fog. 

Consumers send request to the fog servers, which then 

provide services. Further, cloud is deployed to save the 

records of all consumers and to provide the services to 

the consumers, if fog layer is failed. In [41] To efficiently 

handle load balancing, a particle swarm 

optimization-based Enhanced Dynamic Resource 

Allocation Method (EDRAM) has been proposed which 

in turn reduces task waiting time, latency and network 

bandwidth consumption and improves the Quality of 

Experience (QoE). The Enhanced Dynamic Resource 

Allocation Method (EDRAM), which in turns helps for 

allocating the required resource by removing the 

long-time inactive, unreferenced and sleepy services 

from the Random-Access Memory.  

2.2. Genetic Algorithm (GA) 

Genetic Algorithm was proposed in 1970 by John 

H.Holland. GA is an algorithm for optimizing 

algorithms that mimic evolutionary processes. The 

process of biological evolution on chromosomes 

converts to the GA concept. It is depended on the 

concept of survivorship that is best suited to finding the 

best new solutions through reunification.GA are 

unwanted search processes designed to work on them 

large spaces involving wireless circuitry. These metrics 

are very similar, using locally distributed samples 

(number of threads) to generate a new set of samples. 

[17] 

Since resource allocation is an NP-hard problem. LI, et 

al. [42] introduced an improved genetic algorithm (IGA) 

to support a massive number of device connections and 

transfer a huge amount of data with low latency and 

limited resource, they consider the deployment of 

non-orthogonal multiple access (NOMA) in IoT 

networks, which enables multiple IoT devices to of 

multiple IoT devices, subject to the respective QoS 

requirements. Furthermore, the simultaneously 

transmit data to the same FN at the same time, 

frequency, and code domain. They jointly optimize the 

allocation of resource blocks and transmit power 

optimization problem is formulated as a mixed-integer 

nonlinear programming problem to minimize the 

system energy consumption.  

Also, based on offloading and resource allocation 

decision, Wang, et al. [43] presented a hybrid genetic 

simulated annealing-based latency-minimum 

offloading decision algorithm to optimize the 

offloading decision. The numerical results demonstrate 

that their proposed scheme gains significant 

performance advantages on the completion time, 

energy consumption, convergence speed, and accuracy. 

After getting the best genetics, a simulated annealing 

performed on them, which speeds up the convergence 

of their algorithm. 

2.3 Firefly Algorithm (FA) 

The FA is classified as swarm intelligence, 

meta-heuristic and nature-inspired, with an emphasis 

on the behavior of fireflies . In fact, a number of fireflies 

show bright light activities to serve as a means of 

attracting collaborators, communication, and warning 

of danger to hunters. In the design of the firefly 

algorithm, the objective function is associated with the 

flashing light features of the firefly community. 

Considering the optical principle of the light intensity, 

it is approximately equal in the square of the area, so 

that this objective can define the correct distance 

function between any two fireflies. In order to make the 

work more efficient, individuals are forced to move 

systematically or randomly in the population [28]. 

This study presented a new way of resource allocation 

using the FA to shorten the time to perform tasks. 

Kanza, et al. [44] proposed System there considered a 

Geographical area consisting of six regions. Where each 

region have cluster of buildings. Single cluster was 
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associated to a single fog, which handled requests from 

users of clusters. One each fog there were number of 

VM and DC for processing tasks. Furthermore, there 

use Service Broker Policy known as Optimize Response 

Time (ORT) for the Routing of Traffic to Cloud. ORT 

maintains the List of all fogs available in any 

Geographical Region. It routes the Requests coming 

from Cluster of buildings to nearby Fog. It also 

maintains the history of RT of any Fog. It route the 

requests coming from a cluster to a nearby Fog with 

best RT. 

2.4. Ant Colony Optimization (ACO) 

ACO draws insight from the destructive behavior of 

certain types of ants. These ants put the pheromone in 

the ground to mark a specific path, so that other 

members of the colony can follow the same path. Ant 

colony efficiency exploits the same way of solving 

optimization problems [20]. In addition, to learn about 

proper allocation of resources of fog, for the purpose of 

optimizing cost, quality of services, time and load 

balance of resources. Javaid, et al. [45] enhance the 

speed of cloud computing processing edge computing 

is introduced, it is also known as fog computing. Fog 

computing is a complement of cloud computing 

performing on behalf of cloud. In the proposed scenario, 

numbers of clusters are taken from all over the world 

based on six regions. Each region contains two clusters 

and two fogs. Fogs are assigned using the service 

broker policies to process the request. Each fog contains 

four to nine Virtual Machines (VMs). For the allocation 

of VMs Ant Colony Optimization (ACO) algorithms are 

used. 

2.5. Cuckoo Search (CS) 

An approach was designed by Yang and Deb in 2009, 

and it is a biological encouraged computational search 

approach, this optimization technique is based on 

upbringing actions of Cuckoo. This algorithm works on 

the upbringing performance of Cuckoo in addition with 

Levy Flight actions of fruits flies and birds [29]. To 

allocation of resource Cuckoo search proposed to 

reducing delay and latency in fog computing, because 

reducing delay and latency in cloud computing 

environment is a challenging task for the research 

community. There are several smart cities in the world. 

These smart cities contain numerous Smart 

Communities (SCs), which have number of Smart 

Buildings (SBs) and Smart Homes (SHs). They require 

resources to process and store data in cloud. To 

overcome these challenges, another infrastructure 

fog-computing environment is introduced, which plays 

an important role to enhance the efficiency of cloud. 

The Virtual Machines (VMs) are installed on fog server 

to whom consumers’ requests are allocated *46+. 

2.6. Artificial Bee Colony Algorithm (ABC) 

It is an approach introduced in 2005, which is used to 

solve the continuous optimization issues. In this 

algorithm, only 1D food position is updated by 

employed and unemployed bees. During the search 

process the artificial agents use, one solution update 

rule. It consists of two kinds of bees: one is employed 

and second is unemployed. The employed bees gather 

the fluid from food resources and share the locations of 

food with other unemployed bees whereas, other bees 

search for the food sources by using the data delivered 

by employed bees [24]. 

Furthermore, Ali, et al. [47] proposed a four-layered 

SG-based architecture to improve communication 

between consumers and Electricity Company, and this 

model covers a huge area of residents. Three 

load-balancing mechanisms were applied for allocation 

of VM, and the service broker policies applied for 

simulations are dynamically reconfigurable and were 

the closest to data centers. 

2.7. Harmony Search Algorithm (HS) 

HS is a metaheuristic approach tries to mimic the 

process of singers' development in finding the Perfect 

harmony. Recently, due to certain benefits, HS has 

received much attention. HS is easy to use, quickly 

converts to the right solution and gets a good enough 

solution for the right amount of time. The advantage of 

the HS algorithm has resulted in its application to 

problems of the use of different engineering 

environments [23]. 

In [48] used Harmony search algorithm as another way 

for resources in wireless communication networks, 

because Wireless strategies and technologies are 

ubiquitous and enhancing progressively in the present 

world. In wireless communication technology, power 

and resource allocation remain the main issue due to 

the lack of resources by optimizing the number of 
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subscribers and services. Hence, they discuss different 

algorithms and techniques such as power-efficient 

resource allocation algorithm, real-time scheduling 

algorithm, NOMA, SCMA, Device-to-Device (D2D) 

communication, OFDMA, power and resource 

distribution in 5G, wireless sensor networks (WSNs), 

smart grids, cloud computing, and fog computing 

which converges stably and quickly. 

2.8. Bat Algorithm 

Bat-inspired algorithm is a metaheuristic optimization 

algorithm developed by Xin-She Yang in 2010. This bat 

algorithm is based on the echolocation behaviour of 

microbats with varying pulse rates of emission and 

loudness[32]. 

In addition, based on resource allocation and resource 

management decision, Arshad, et al. [49] introduced 

Binary Bat Algorithm (BBA) is compared to regulate the 

effective management of resources so that the cost of 

resources can be curtailed and billing can be achieved 

by calculating utilized resources under the service level 

agreement. BBA are used to evaluate energy utilization 

by cloudlets or edge nodes that can be used 

subsequently for approximating the utilization and bill 

through a Time of Use pricing scheme. They appraise 

abovementioned techniques to evaluate their 

performance concerning the bill estimation based on 

the usage of fog servers. With respect to the utilization 

of resources and reduction in the bill. 

2.9. Grey Wolf Optimizer 

Grey Wolf Optimizer (GWO) inspired by grey wolves 

(Canis lupus). The GWO algorithm mimics the 

leadership hierarchy and hunting mechanism of grey 

wolves in nature. Four types of grey wolves such as 

alpha, beta, delta, and omega employed for simulating 

the leadership hierarchy [37]. 

Brahmi, et al. [50] propose to investigate the resource 

allocation problem for V2X networks. They categorize 

vehicle user equipment (VUEs) into safety and 

non-safety VUEs and cellular user equipment (CUEs) 

into real-time and non-real-time CUEs according to 

their communication types. The objective of the 

proposed model is to maximize the total throughput of 

the system while maintaining quality of service (QoS) 

for CUEs and VUEs, Grey Wolf Optimization (GWO) 

algorithm, used to solve the resource allocation 

problem in V2X communications. Furthermore, in [51] 

developed an algorithm for efficient resource allocation 

using grey wolves optimization technique, named as 

Resource Allocation Technique for Edge Computing 

(RATEC). The algorithm adopted the meta-heuristic 

technique to choose the best Edge when allocating the 

resources of user equipment (UE). It was considered 

that the UEs are composed of processing, storage, time 

and memory resources. The algorithm uses these 

resources to calculate the fitness of each Edge and 

decide which one to allocate, if available. The RATEC 

has been compared with two other policies and has 

managed to serve a number most significant of UEs, 

reducing the number of services refused and presenting 

a low number of blockages while searching for an Edge. 

2.10 Simulated Annealing 

Simulated annealing is a method for solving 

unconstrained and bound-constrained optimization 

problems. The method models the physical process of 

heating a material and then slowly lowering the 

temperature to decrease defects, thus minimizing the 

system energy. The benefits of simulated annealing are 

its easy implementation and its possibility of finding a 

global optimal even after finding a local minimum, as it 

accepts solutions that are worse than the best candidate 

[18]. For this reason Rezazadeh, et al. [52] focused on 

module placement, using simulated annealing 

algorithm, to find the appropriate device for the 

modules in a fog computing. Internet of Things (IoT) 

devices are growing rapidly, which itself produces a lot 

of data and someone must receive online responses. A 

typical program of the IoT consists of a set of modules 

that work together and interconnect. These modules 

typically run on cloud data centers. Fog computing 

designed to run these modules near the devices to 

minimize the response time and also to prevent large 

and in some cases unnecessary data transfers to the 

cloud. 

2.11 Tabu Search 

Tabu search is a meta-heuristic optimization technique, 

which owes its name to its memory structures, used to 

store recently evaluated candidate solutions. The 

candidates stored in these structures are not eligible for 

generation of further candidates and are there by 

considered “Tabu” by the algorithm *19+. 
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In [53] propose a simple Tabu Search method for 

optimal load balancing between cloud and fog nodes, 

which accounts for resource constraints. The main 

motivation for using Tabu Search is that, on-line 

computations are necessary in those layers and as tasks 

are received they should be processed. They consider a 

bi-objective cost function for such purpose; the first one 

denotes the computational cost of processing tasks in 

fog nodes while the last one stands for that in cloud 

nodes. During the optimization process, convex 

combinations of the objective functions are employed in 

order to reduce the optimization problem to 

mono-objective cases. 

2.12 Simplified swarm optimization 

SSO is a population-based algorithm proposed by Yeh 

in 2009 to compensate for the deficiencies of PSO in 

solving discrete problems. This algorithm has recently 

been applied in many research areas because of its 

simplicity, efficiency, and flexibility [31]. Yeh, et al. [54] 

creates a simulated factory consisting of a cloud center, 

gateways, fog devices, edge devices, and different types 

of sensors. They build an integer-programming model 

and apply SSO method for determining the layout of 

above devices except of cloud center and all sensors so 

that can find the cost minimization deployment of the 

smart factory. 

2.12 Simplified Swarm Optimization 

SSO is a population-based algorithm proposed by Yeh 

in 2009 to compensate for the deficiencies of PSO in 

solving discrete problems. This algorithm has recently 

been applied in many research areas because of its 

simplicity, efficiency, and flexibility [31]. Yeh, et al. [54] 

creates a simulated factory consisting of a cloud center, 

gateways, fog devices, edge devices, and different types 

of sensors. They build an integer-programming model 

and apply SSO method for determining the layout of 

above devices except of cloud center and all sensors so 

that can find the cost minimization deployment of the 

smart factory. 

2.13 Crow Search Optimization (CSO) 

Crow search Algorithm is one of metaheuristic 

optimization algorithm introduced by Askarzadeh. 

CSA is inspired from the intelligent behavior of the 

crow. Crows are intelligent in storing the excess food at 

hiding places and recovering it whenever it is 

required[38]. 

 Moreover, sarma et al.[55] suggests an optimized fuzzy 

clustering-based resource scheduling and dynamic load 

balancing (OFCRS-DLB) procedure for resource 

scheduling and load balancing in fog computing. For 

resource scheduling, they recommends an enhanced 

form of fast fuzzy C-means (FFCM) with crow search 

optimization (CSO) algorithm in fog computing. 

Throughput maximization, available resources 

optimization, response time reduction, and elimination 

of overloaded single resource are the goal of load 

balancing algorithm.  

Further comparative analysis has been done of existing 

meta-heuristic algorithms for allocation of resources in 

fog computing in “Table 2. Comparison of 

metaheuristic approaches for allocation of resources in 

the fog”. 

 

Table 2: Comparison of metaheuristic approaches for 

allocation of resources in the fog. 

Authors 
Meta-he

uristic 

Enviro

nment 
Problems Achievement Year 

Simulatio

n 

Tools 

Khan et 

al. [40] 

PSO Fog • Low scalability 

• Low security 

• Low response time 

• Low processing 

time 

• Low cost 

2019 Cloud 

Analyst 

Zhang, 

et al.[41] 

PSO Fog • low security 

• low scalability 

• high complexity 

• reduce waiting 

time 

• reduce latency 

• reduce bandwidth 

consumption 

• improve QoE 

2021 Linpack 

software 

tool 

+ 

Arduino 

UNO R3 

LI et 

al.[42] 

GA Fog • Low reliability 

• Priorities cannot 

be set 

• low-complexity 

• better 

performance 

• low energy 

• low latency 

2019 NOMA 

Wang,et 

al.[43] 

GA Fog • low security 

• low 

convergence 

speed 

• low completion 

time 

• low energy 

consumption 

• low latency 

• high accuracy 

2020 Not 

mentioned 

Kanza, 

et al. [44] 

FA Fog • low security 

• maximum 

computational 

time 

• high performance 

• low cost 

2019 Cloud 

Analyst 

Javaid, 

et al. [45] 

ACO Fog • Low scalability 

• High cost 

• Low response time 

• Minimizing the 

number of VM 

2019 Cloud 

analyst 

Javaid et 

al.[46]  

CS Fog • High 

complexity 

• low security 

• increasing time 

• better efficiency 

• better QoS 

• low latency 

2019 Cloud 

analyst 

Ali  et 

al.[47]  

ABC Fog • There are some 

changes of values 

in 

different fogs, but 

overall the 

average 

cost remains the 

• High performance 

• Low cost 

• Low response time 

• Low latency 

2019 Cloud 

analyst 
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same 

Nazir, et 

al. [48]  

HS Fog • Lack of an 

appropriate 

simulation 

• Energy 

consumption and 

delay have not 

evaluated 

• Reducing total 

cost 

• High scalability 

2021 Not 

mentioned 

Arshad 

et al.[49]  

BA Fog • High 

complexity 

• The possibility 

of bottleneck 

• Low scalability 

• Low reliability 

• Low latency 2018 MATLAB 

Brahmi 

et al.[50] 

GWO Fog • Low reliability 

• Low security 

• high processing 

time 

• success ratio 

• maximizing user 

requests within a 

predefined delay 

threshold. 

2020 MATLAB 

Lieira et 

al.[51] 

GWO Fog • Low reliability 

• Low security 

• Low energy 

consumption 

• Low latency 

2021 Python 

Rezazad

eh, et al. 

[52] 

SA Fog • Low 

performance 

• High 

complexity 

• Low response time 

• Highly dynamic 

• minimized latency 

2018  

Téllez, et 

al[53] 

TS Fog • low scalability 

• high complexity 

• reduced latency 

• improved security 

• reduced costs 

2018 Not 

mentioned 

Yeh, et 

al[54] 

SSO Fog • high latency 

• low security 

• low availability 

• minimize energy 

• minimize cost 

• minimize time 

consumption 

2019 industry 

4.0 

Sarma, 

et al[55] 

CSO Fog • Lack of an 

appropriate 

simulation 

• Reducing total 

cost 

• High scalability 

2021 iFogSim 

 

After a thorough analysis of the meta-heuristic 

approaches presented to allocate resources in fog. It can 

be seen that the prospects for meta-heuristic methods 

work better. Meta-heuristic approaches act both on 

behalf of the fog operator and the fog provider. From 

the perspective of the fog user, cost, response time, the 

make span and execution time are important, which are 

used as important parameters for the provision of 

services to the fog computing. Another important 

aspect of the fog provider is that the workload, use and 

power consumption play an important role. Many 

metaheuristic techniques have used to provide the 

solution to serious problems such as energy aware 

allocation of resources, right allocation of resources , 

reduction in energy consumptions, VM allocation, 

,dynamic resource allocation, power efficient resource 

allocation, efficient resource allocation, fog job 

scheduling. And these capabilities are used in unique 

simulation tools such as Cloud analyst, python, 

iFogSim, GridSim, Java and Matlab provide the closest 

solution for allocation of resources in the fog 

computing. 

3. CONCLUSION 

In this study, some meta-heuristic algorithm has been 

reviewed for allocation of resources in fog. Many 

strategies to increase the effectiveness of 

meta-heuristics are examined in these reviews.  

However, the reviewed meta-heuristic algorithms are 

proficient at achieving much higher performance 

,reduction in the cost, reduction in time ,improve 

utilization of resources, improve energy efficiency 

while resource allocation on fog. In future, other 

meta-heuristics algorithms which have not been 

reviewed in this paper can be used for resource 

allocation in fog. 
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