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Abstract—Recently, parked vehicles (PVs) have emerged as a new computing paradigm to assist the limited 

resources of the fog node (FN) in the task offloading process. The underutilized resources of PV have become a 

primary feature that attracts many researchers to propose various task offloading schemes and approaches. Existing 

work primarily focuses on exploiting PV resources to optimize delay, energy, and cost in the task offloading process. 

This review article describes related work published between 2018 and 2025. Specifically, we have recognized and 

classified the diverse approaches and task offloading schemes that have been established according to their 

objectives. In addition, we discuss some research challenges and open issues in collaborative FN-PV task offloading 

schemes. 
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I. INTRODUCTION  

     The global number of the Internet of Things (IoT) is 
increasing dramatically and is estimated to be around 37.1 
billion devices by 2032[1] . Simultaneously, the ever-
increasing generation of various tasks of IoT requires different 
computing resources in the future. Therefore, fog computing is 
considered a suitable computing offload destination to process 
tasks offloaded from the IoT [2]. However, the limited 
computing resources of the FN lead to re-offloading these 
tasks to other computing offload destinations such as nearby 
FN or the cloud [3]. This offloading approach introduced a 
new problem for the FN, namely additional latency, energy, 
and cost [4].To address this problem, the researchers 
investigated an alternative supported computing paradigm for 
the FN, specifically PVs [5]. They observed that the PV 
always has idle and rich embedded computing resources to 
process offloaded tasks. Recently, works have studied the 
collaborations either between FN and PV directly [6] or by a 
third party such as SDN [7] to optimize (i.e., maximize or 
minimize) the objective function. According to the objective 
function, different efficient offloading approaches and 
strategies are designed for the FN-PV environment. However, 
the proposed offloading approaches face some challenges, 
such as the residual energy and remaining parking time of the 
PV.  

 

 

These challenges are not considered in most works  [6], 
[8], [9], [10], whereas they are included in some works [11], 
[12], [13]. In this review, we focus on the recent existing 
works that study the extension capacity of the FN by the PV, 
and explore the offloading approaches proposed in the 
literature. The main contributions of this review can be 
summarized as follows: 

 We provide a complete overview of the FN-PV offloading 
schemes by introducing the main components that 
comprise the scheme. 

 We introduce the concept of task offloading and explore 
the diverse common types of FN task offloading based on 
the offload destination. 

 We present a classification for the approaches that have 
recently been proposed for the FN-PV offloading 
environment based on the desired objectives. 

 Finally, we explore the open challenges and future 
research directions in the FN-PV offloading scheme. 

 

This paper is organized as follows. In Section 2, we will 
present an overview of the main components of the recently 
proposed FN-PV offloading scheme. In Section 3, we will 

mailto:alla.a@uokerbala.edu.iq
https://orcid.org/0000-0003-1781-7810
mailto:baydaa.f@uokerbala.edu.iq
https://orcid.org/0000-0003-1781-7810
http://dx.doi.org/10.31642/JoKMC/2018/130203


Alla Abbas Khadir                                                                                                                           Baydaa Fadhil Dhahir 

 

22 
 

classify the approaches that are proposed for the FN-PV 
offloading scheme according to the desired objective. In 
Section 4, we explore future research directions in the FN-PV 
offloading scheme and identify the open challenges. Finally, 
we conclude our paper in Section 5. 

A. Background on The Main Components of FN-PV 

Offloading Schemes 

There are several FN-PV offloading schemes that are 
proposed, but most of them include typical hardware 
components such as the Internet of Things (IoT), cloud 
computing, fog computing, and parked vehicles. This will be 
discussed in more detail below. 

 IoT: Internet of Things (IoT) is a network of physical 
appliances such as vehicles, cell phones, cameras, and 
actuators.  These objects are embedded with sensors, 
software, and other technologies that allow them to send 
and receive data with other devices over the internet. 
Recently, the number of IoT devices has increased 
dramatically. Furthermore, the IoT generates large 
amounts of traffic quickly that require additional 
processing and storage resources [14] that are not 
available on IoT devices. Therefore, limited computing 
resources are considered as an essential problem in the 
IoT [2].In general, to overcome this problem, IoT 
offloads some or all tasks to more resource-intensive 
computing, such as fog computing, to help with 
processing [15], [16]. Many proposed works have 
focused on the use of FN resources to process offloaded 
IoT tasks that are presented in different mechanisms 
[17],[18],[19], [20]. 

 Cloud computing : Cloud computing is presented as a 
service provisioning model that provides ubiquitous 
on-demand access to a shared pool of physical and 
virtualized computing, communication, and storage 
resources [21]. It allows high utilization of resources 
with large scalability and flexibility. Cloud computing 
offers three diverse service provisioning models: 
infrastructure as a service (IaaS), platform as a service 
(Paas), and software as a service (SaaS) [22], [23]. 
Cloud resources are centralized and located remotely 
from IoT, which leads to challenges such as limited 
bandwidth, high latency, and an inability to effectively 
meet the low-latency requirement [24]. Accordingly, 
cloud computing cannot support the huge amount of 
data generated by IoT, which needs to be transferred 
and processed in real time. Therefore, another 
promising technology is needed, in which computing 
services are located close to the IoT in the edge 
network for processing tasks and storing data, then 
transmitting the IoT data to the cloud for significant 
analysis [25]. Fog computing was introduced as a 
promising and novel paradigm for extending cloud 
services [26]. 

 Fog computing : Fog computing has emerged as a 
complement to the cloud by providing a platform of 
computing, storage, and communication services at the 
edge of the network [27]. This proximity of the FN to 

the end devices, such as IoT, vehicles, etc., can reduce 
the communication delay of real-time applications by 
keeping the data and computation close to the end 
devices  [28]. Fog computing consists of 
heterogeneous resources of edge network devices such 
as APs, switches, routers, gateways, BSs, etc., which 
are named FN. FN has limited computing resources  
[29], which will be a bottleneck for task computing in 
high-density scenarios [30]. Overloaded FN sends 
tasks to other low-loaded FNs to meet the required 
deadline offloaded tasks can be processed or offloaded 
many times for nearby FNs or cloud  [31]. Therefore, 
FN required an efficient management approach to 
increase its utilization and decrease the response time 
of the offloaded tasks [32]. Many research works have 
been proposed to increase the efficiency and make fog 
computing more powerful [7],[33],[34],[35],[36],[37].  

 Parked vehicles :  In our daily life, there are many 
vehicles parked on streets and parking lots that are 
stopped for over 95% of the day [11]. These vehicles 
have abundant and idle computing and storage 
resources, which can be used to support the FN 
resources [38]. The PVs can join the FN system and 
share their idle computing resources to process 
offloaded tasks that are assigned by the FN, as well as 
they can forward tasks as the FN [5]. Therefore, many 
existing works [39], [40],[10],[41] are motivated to 
utilize PV to support FN resources in computation 
offloading. In this review, we study the coordination 
between PVs and FN in terms of provisioning 
resources in computation offloading, where this is the 
first study to review related works on task offloading in 
FN-PV collaboration. 

 Task offloading: The task offloading method is to 
transfer the execution of a task from a resource-
constrained node to a remote or nearby resourceful 
node [4]. Task offloading is considered a main strategy 
in FN to address its limited resources [42]. Depending 
on the offload destination, the offloading can be 
classified into vertical and horizontal offloading [3]. 
Vertical offloading is transferring of the processing 
task from the FN to the cloud or UAV, while 
horizontal offloading involves transferring the 
execution task from the FN to the nearby FN, MV, or 
PV. Figures 1 and 2 illustrate the IoT-FN- PVs 
architecture and options of task offloading for the FN, 
respectively.  

 

Fig. 1: IoT-FN-PVs architecture. 
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Fig. 2: FN offloading approaches. 

Both types of task offloading can be full or partial [43]. In 
full task offloading, the FN sends the whole task to another 
offload destination. On the other hand, in partial task 
offloading, the FN sends only a portion of the task to another 
offload destination. Generally, tasks that are offloaded can 
significantly save energy, reduce delay, and earn cost [26]. 
However, horizontal offloading has better performance than 
vertical offloading  [44], [45]. The reason is that the 
performance of cloud services is limited by several challenges, 
such as the remote distance of cloud servers and network 
congestion [46]. Due to its importance and impact, leveraging 
FN and PV has attracted considerable interest from numerous 
scholars. Here, we will present and discuss the related FN-PV 
collaborative computation offloading schemes. In addition, we 
study the proposed offloading approaches with different 
objectives. Table I indicates the abbreviations applied in this 
article. 

TABLE 1.  EXISTING WORK ON FN-PV TASK OFFLOADING 

APPROACHES 

Abbreviations Description 

AP Access Point 

BS Base Station 

FN Fog Node 

ICV Intelligent connected vehicle 

IoT Internet of Things 

IoV Internet of Vehicle 

MV Mobile Vehicle 

MD Mobile Device  

OLD OffLoad Destination 

PV Parked Vehicle 

RL Reinforcement Learning 

SDN Software Defined Network 

SP Service Provider 

UE User Equipment  

UAV Unmanned Aerial Vehicle 

MEC Mobile Edge Computing 

VEC Vehicular Edge Computing 

RSU Roadside Unite 

OLD OffLoad Destination 

ECP Edge Crowdsourcing Platform 

DRL Deep Reinforcement Learning 

DQN Deep Q-Network 

QoS Quality of Service 

V2I Vehicle-to-Infrastructure 

V2V Vehicle to Vehicle 

PVEC Parked vehicle edge computing 

RSPV RoadSide parked vehicles 

CVEC Collaborative Vehicular Edge Computing 

MPVEC Multiple parked vehicle-assisted edge computing 

IaaS Infrastructure as a service 

PaaS Platform as a service 

SaaS Software as a service 

LSAC Lyapunov-based Soft Actor-Critic 

BLP Binary-Linear Programming 

MILP Mixed Integer Linear Programming 

MINLP Mixed Integer Non-Linear Programming 

HHDRL  hybrid hierarchical deep reinforcement learning 

TOSRA task offloading, scheduling, and resource allocation 

 

II. TAXONOMY OF OFFLOADING APPROACHES 

FOR FN-PV SCHEMES BASED ON THE DESIRED 

OBJECTIVE 

Now, we describe numerous task offloading approaches for 
FN-PV schemes that have been recently proposed in the 
literature. Based on the optimization objectives in the related 
works, we classify the existing research into five categories: 
Table II summarizes the reviewed studies. 

A. Minimizing Offloading Delay 

Minimizing delay in the task offloading process is an 
optimization challenge that has attracted significant attention 
from several scholars. Reference [9] formulated the offloading 
problem to provide real-time responses for vehicular 
applications, where the service delay network is minimized by 
utilizing the computing resources of PV. The offloading 
problem has been solved by a heuristic algorithm combined 
with RL. The results showed that the proposed algorithm can 
easily be adjusted to make resource allocation decisions 
accordingly and achieve higher service satisfaction compared 
to traditional resource allocation algorithms. The 
heterogeneity and undefined parking duration of PVs were 
motivated to make optimal service migration decisions in 
PVEC networks [47]. The authors formulated the service 
migration process as a MINP optimization problem to 
minimize the average service latency in PVEC. They proposed 
a two-stage service migration algorithm to solve the 
formulated problem, which divides the optimization problem 
into the service migration between SP and the selected PVs. 
By utilizing the expected parking duration of PVs, the service 
migration between SPs is transformed into an online problem 
based on Lyapunov optimization. A modified Hungarian 
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algorithm is proposed to select PVs for migration. Finally, the 
effectiveness of the proposed algorithm is verified by 
simulation based on the real-world vehicle traces. Reference 
[7] proposed an SDN-based offloading selection policy to 
choose an OLD, where the OLD can be PV, MV, or cloud. It 
employs the BLP technique to determine the optimal OLD for 
processing the offloaded task that can satisfy the required 
deadline. The communication time and the computation time 
of the offloaded task are minimized. The simulation results 
demonstrated that the proposed policy improves the 
performance of the FN by providing less response time and 
significantly outperforming baseline policies. Reference [41]  
suggested a collaborative computation framework and a 
metaheuristic algorithm to optimize the acceptance ratio and 
the execution delay for PV. This framework uses the 
Kubernetes-based container orchestration, which allows PV to 
handle several task replicas simultaneously and efficiently. 
Additionally, it ensures continuity of service by relaying tasks 
between the active nodes. The simulation results showed that 
the proposed computing framework remarkably increases 
acceptance of offloaded tasks and improves the average task 
offload delay. Reference [48]  proposed a joint task offloading 
and resource allocation scheme for a PV and MV-enabled 
MEC scenario, in order to minimize the total priority-weighted 
task processing delay for all devices. A generalized Benders 
decomposition with reformulation-linearization and a two-
stage heuristic algorithm are developed to solve the problem 
with low computational complexity. Simulations of seven 
scenarios confirm the superiority of the proposed scheme over 
three existing schemes. Reference [49]  used PV as a 
supporting FN to decrease the number of offloaded tasks and 
increase the capacity of FN in the IoV network.  In addition, 
the author proposed a novel load-balancing method on the 
basis of a proactive approach, which consequently helped in 
reducing the task latency. The proposed method can balance 
the local and global load using local fog managers and the 
SDN controller, respectively. Simulation results validated the 
effectiveness of the proposed method in terms of average 
response time, achieving the deadline, bandwidth 
consumption, and resource utilization. Parking edge 
computing is a new concept introduced in  [11]  to expand the 
VEC service. These PVs are transformed into virtual edge 
servers within the VEC infrastructure for task execution. 
Furthermore, the authors proposed a task scheduling algorithm 
to select the edge server and resource allocation by 
considering the remaining deadline of the task and the battery 
energy of PV. Reference  [50] focused on the variability in PV 
resources and the parking time problem, which leads to 
significant challenges in designing an efficient offloading 
mechanism. To address this, the authors formulate an NP-hard 
optimization problem to minimize delay while managing 
service interruption constraints. They proposed an LSAC 
algorithm to solve it. Experiments show that the proposed 
algorithm improves offloading performance by reducing both 
interruption rate and delay. Reference [51]  proposed a PV-
assisted VEC architecture where a multi-agent collaboration 
has been considered, which includes intelligent vehicles and 
edge servers. Also, a Stackelberg game model was constructed 
based on the interaction between the requesting vehicles and 

an SP. This model is solved by designing a distributed 
gradient-based equilibrium algorithm where the final decision 
is obtained through mutual communication. Simulation results 
confirmed that the proposed algorithm outperforms existing 
algorithms in improving the utility of the service provider. An 
offloading framework of dependent task scheduling is 
designed in [52], in which the PVs are clustered and cooperate 
with the RSU. Also, a DRL algorithm is proposed to minimize 
the average completion time of the application. The proposed 
algorithm is evaluated, and it can achieve better task 
processing time and task execution success rates compared to 
conventional algorithms. 

B. Minimizing Energy Consumption  

Minimizing energy consumption during the task offloading 
process is a main challenge that has been addressed in a few 
studies. In [53], both PVs and MVs are leveraged as FNs, 
where a three-layer network model is constructed in IoV. The 
optimization problem is formulated to reduce energy 
consumption during task offloading. To reduce the 
computational complexity of the formulated problem, it is 
divided into two parts which are flow redirection and 
offloading decisions. A DRL-based scheme is designed to 
solve the optimization problem. In [54], a computational 
offloading strategy based on a “deep Q-learning algorithm” 
was proposed to reduce the offloading energy consumption in 
VEC networks. Two offloading approaches have been 
considered: which are RSU-offloading tasks via V2I 
communication and service vehicle-offloading tasks via V2V 
communication. Although the RSU and the service vehicle 
occupy different positions, the author modelled both as a 
unified service node. Simulation results proved the 
effectiveness of the proposed strategy in terms of reducing 
total offloading energy consumption. 

C. Minimizing Offloading Cost  

Reducing the task offloading cost in terms of data 
transmission cost, task computation (processing) cost, or both 
has attracted many authors. To minimize the total cost for 
users in computation offloading, Reference  [39] proposed a 
PVEC architecture, where the idle resources of PVs are fully 
utilized and cooperate with the edge servers to run mobile 
applications. In addition, a resource scheduling algorithm 
based on the Stackelberg game is presented to determine the 
allocation of the workload among PVs with the objective of 
reducing the total cost of users. Numerical results indicated 
that the Stackelberg game approach is effective and efficient 
in PVEC. Also, the previous approach (i.e., Stackelberg game) 
is used in  [55] to solve the task assignment problem in the 
PVEC scheme. Accordingly, the SP will minimize the 
monetary cost, while the PVs maximize revenue. Finally, the 
numerical results indicate that the proposed scheme is 
effective and outperforms the existing work in terms of 
reducing the overall cost of SP. Reference [38] proposed a 
new offloading scheme where the RSPV is utilized as a new 
computing paradigm to process the offloaded task of the IoV. 
The assignment task problem is formulated as an MILP model 
to minimize the transmission and processing cost of the 
offloaded tasks under the required budget and deadline. The 
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simulation results validated the effectiveness of the proposed 
offloading scheme. To reward the owner of PV for utilizing 
computing resources in supporting task executions within 
MEC, a dynamic pricing strategy is proposed by  [56]. The 
proposed strategy can minimize the average cost of the MEC 
system under QoS constraints by adjusting the price constantly 
based on the current system state. The simulation results 
demonstrated the effectiveness of the proposed strategy. 

Reference [57] designed an incentive-hierarchical pricing 
mechanism to encourage PVs for sharing their idle resources 
in task offloading. Also, the interaction between the PVs and 
the task vehicle is modeled as a Stackelberg game and 
analyzed using backward induction. Furthermore, a genetic 
algorithm is developed to achieve the Stackelberg equilibrium 
and determine the optimal strategy for task vehicles. Extensive 
simulations demonstrate the effectiveness of the proposed 
offloading mechanism. 

D. Minimizing Utilization 

 Increasing the resource utilization of the FN is another 
important objective, aiming to increase the number of 
computing services over the FN [16].For improving the task 
execution of PVs with fast startup, minimal overhead, and 
secure isolation, containerization is applied in  [58]. The 
authors introduced a task-container matching market that 
dynamically offloads services. By analyzing parking behavior 
and resource availability, the system selects appropriate PVs 
for reliable task processing. They employed a utility-based 
preference modelling and matching game approach to 
optimally assign tasks to PV-hosted containers. The numerical 
results showed significant improvements in task completion 
and acquired a higher utility. A new framework named CVEC 
is introduced in  [59] that integrates the PVs with MEC. In 
CVEC, the system task allocation is optimized by designing 
an optimal contract-based incentive mechanism to schedule 
PVs on demand and to handle offloading tasks. Also, the 
optimal contract is used to maximize the utility of the user 
under information asymmetry. Numerical results are presented 
to validate the effectiveness and efficiency of the proposed 
scheme. A partial offloading strategy for a multi-user PVMEC 
scheme is studied in [60], where the tasks of MD are partially 
offloaded to the MEC or a close PV. The system utility 
maximization problem is formulated by considering the 
offloading decisions, offloading ratio, and resource allocation. 
The offloading decision-making problem is modelled using a 
game-theoretic approach to reduce complexity. Furthermore, 
the optimal offloading ratio and resource allocation are 
determined using a sub-gradient method. Simulation results 
demonstrate that the proposed approach can significantly 
improve the system utility over traditional schemes. The 
PVEC paradigm is exploited in [61] to propose a new partial 
offloading scheme. In this case, the resources of both MD and 
PV are used for parallel task execution in PVEC. Here, the 
offloading utility of MDs is maximized, where the utility 
represents the difference between the benefit of latency 
reduction, computing utilization cost, and networking 
resources. The simulation results indicated that the proposed 
offloading scheme can improve the total offloading utility 
compared to the baseline offloading schemes. Reference [62] 

proposed a VEC framework based on SDN that uses PV to 
assist edge servers in executing offloaded tasks. An ECP is 
designed to manage the idle computation resources of PV. The 
optimal strategy for the edge server and ECP is selected 
through a genetic algorithm-based game-strategy solving 
algorithm. The proposed solution outperforms traditional 
solutions without ECP, producing higher edge server utility 
and faster convergence. 

E. Minimizing Energy and Delay 

Multi-objective optimization during the task offloading 
process in the FN-PV scheme has been conducted in a few 
studies. In this subsection, we explore the studies that 
proposed offloading approaches that minimize energy and 
delay. Reference [6] proposed an MPVEC  offloading scheme 
to reduce the load on MEC devices. After that, the load 
balancing and task offloading problem is formulated to 
minimize the energy consumption under a delay constraint. In 
addition, they proposed a multiple-offloading node selection 
algorithm to select the appropriate parked vehicles when 
executing the offloaded tasks. Furthermore, a workload 
allocation strategy based on the idea of a dynamic game is 
used to optimize system performance and consider the load 
balancing at the same time. Numerical results indicate that the 
proposed offloading strategy in the MPVEC scheme 
effectively reduces the system energy under delay constraint 
while achieving system load balancing. In [63], the task 
offloading collaboration between the MEC server and PVs is 
studied to reduce the delay of offloaded tasks and energy 
consumption of mobile devices, which improved task 
offloading efficiency and reduced the burden on the MEC 
server. In other words, they proposed a resource management 
scheme and an execution model of computation and 
communication in PVMEC, which is reviewed. The 
optimization problem is formulated into an MINLP and 
decomposed into two sub-problems with lower complexity. 
The simulation results demonstrate the effectiveness of the 
proposed solution. Reference  [64]  explores VEC to improve 
UE performance by utilizing idle resources from PVs and 
RSUs. It introduces a joint offloading architecture and models 
computation offloading as a dynamic multi-objective 
optimization problem. To address environmental uncertainty, 
the study proposes a dynamic multi-objective evolutionary 
algorithm with multi-strategy fusion response, incorporating 
LSTM-based prediction and adaptive strategies. Experiments 
show the approach effectively balances latency and energy 
consumption while ensuring solution convergence and 
feasibility.   

Reference [65]  introduced a vehicle–road collaborative 
edge computing network for efficient task offloading in the 
ICV-MEC network. A TOSRA optimization problem is 
formulated to minimize the overall time and energy 
consumption costs of the dynamic system. To solve the 
complex optimization problem, a DRL-based HHDRL 
algorithm is proposed. The stability and convergence of the 
proposed algorithm are proved and compared to current 
benchmark algorithms. 
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TABLE 2.  EXISTING WORK ON FN-PV TASK OFFLOADING APPROACHES

Optimization  

objective 
Ref. Algorithm type Offloading approach Weaknesses 

Delay 

[7] Mathematical optimization 

SDN has a global view of the entire network and 

requests from the overloaded FN to offload tasks 

to a suitable PV. 

Energy consumption of PVs did not considered  

[9] Mathematical (heuristic) 

A dynamic resource allocation approach 

combining heuristic methods and reinforcement 

learning based on parking status. 

Energy consumption of PVs did not considered  

[11] task scheduling 
Organizing PVs into clusters, then transforming 
them into virtual edge servers within the VEC 

infrastructure. 

Transmission time of the offloaded task did not 
considered.  

[41] Metaheuristic 
A collaborative computation framework uses the 
Kubernetes-based container orchestration and a 

metaheuristic algorithm. 

NP-hard problem  

[47] Lyapunov optimization 
Making optimal service migration decisions in 

PVEC networks 

NP-hard problem  

[48] Two-Stage Heuristic 
A joint task offloading and resource allocation 

scheme for a PV and MVs  

Energy consumption of PVs is neglected  

[49] Mathematical optimization 

A proactive load-balancing approach that reduces 

the number of offloaded tasks and improves the 

capacity of FN. 

More parameters has been neglected such as 

execution time, response time, deadline, cost  
of the offloaded task as well as the energy of 

PVs. 

[50] Lyapunov-based Soft 

Actor-Critic (LSAC) 

Considering the heterogeneity of the computing 
resources among various PVs and the dynamic 

nature of their parking states. 

NP-hard problem  

[51] Game theory 

 Stackelberg model is based on the interaction 

between requested vehicles and an SP that assigns 
the resources of VEC and PV. 

High complexity of the formulated problem 

and deadline of the offloaded task is neglected. 

Energy 

[53] Double Deep Q Network 

(DDQN) 

A three-layer offloading framework to minimize 

the overall energy consumption while satisfying 
the delay constraint in an intelligent IoV network. 

High complexity formulated problem and the 

remaining energy of EVs is neglected. 

[54] Deep Q Network (DQN) 

DQN-based partial offloading approach for VEC 

network to minimize the total energy 
consumption. 

Partial offloading consumes high energy due to 

continuous data transmission and processing. 

Cost 

[38] Mathematical optimization 
A mathematical optimization model is used to 

assign offloaded tasks to the best RSPVs. 

The deadline of the task and energy of PVs 

have been neglected 

[57] Genetic algorithm 
An incentive-hierarchical pricing mechanism to 
encourage PVs for sharing their idle resources in 

task offloading.  

The transmission cost of the offloaded task did 
not consider in the system model. 

[39] Game theory 

A response scheduling algorithm based on a 

Stackelberg game is formulated to implement 
resource allocation among PVs. 

A centralized architecture is proposed, which is 

exposed to point of failure problem. 

[55] Game theory 

SP represents a leader to offer incentives, whereas 

the PVs represent followers to participate in 
computation offloading concerning the specified 

rewards 

High complexity problem  

[56] Mathematical optimization 

A stochastic process is used to model the arrival 

and departure rates of PVs based on historical 
information. 

Optimizing the purchase of computing 

resources only, without optimizing energy 
pricing for the user. 

Utilization 

[58] Matching game 
A task-container matching market provides on-

demand offloading services. 

The impact of service offloading and QoS has 

been ignored. 

[59] Contract theory 
An optimal contract-based incentive mechanism 
to schedule PVs on demand and to handle 

offloaded tasks. 

The effect of the limited energy of PVs and 
residual resources of MECs on the system 

performance is neglected.  

[60] Game theory 

A partial offloading approach for multi-user 

PVMEC, where the tasks of MD can be partially 

offloaded to the MEC or a close PV. 

Partial offloading suffers from complex 

decision-making and increases the risk of 

overhead and delay. 

[61] Mathematical optimization 
A partial offloading approach that allows MD to 
utilize local and remote resources for parallel task 

processing in PVEC. 

Partial offloading suffers from complex 
decision-making and increases the risk of 

overhead and delay. 

[62] Genetic algorithm 

An ECP manages and integrates the idle 

computation resources of electric PVs to provide 
computation services for requesting vehicles. 

The remaining energy of EVs did not 

considered in modeling. 
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Energy, 

Delay 

[6] Mathematical optimization 

According to workload balance among computing 

nodes, a multiple offloading node selection 

approach selects appropriate PVs. 

NP-hard problem, and scalability can be 

affected by the participant PVs 

[63] Mathematical optimization 

A resource management scheme and an execution 

model of computation and communication in 

PVMEC. 

NP-hard problem, and resource pricing has 

been neglected 

[64] 
prediction optimization A dynamic multi-objective evolutionary algorithm 

with a multi-strategy fusion response 

(DMOEA/D-MSFR). 

NP-hard problem, and the remaining energy of 

PVs has been neglected. 

[65] 
deep reinforcement 
learning(DRL) 

Advanced offloading task approach through 
HHDRL architecture for ICVs-VEC networks to 

maintain critical decision-making capabilities 

The proposed system model contains too many 
assumptions, which affect the reliability of 

conclusions. 

 

III. FUTURE RESEARCH DIRECTIONS 

The proposed approaches in previous studies have raised 
open issues in FN-PV offloading schemes that can lead the 
future research on this topic. We can discuss them as 
follows: 

 The parking duration time of the PVs is not taken 
into account in most of the previous studies. 
Therefore, the scholar can focus on optimizing 
offloading approaches that consider the parking 
duration time of PV with the deadline of the 
offloaded task. 

 Most methods of the existing service migration and 
interruption focus on minimizing service latency 
while considering some feature variability, such as 
parking time and computing capacity across PVs. 
However, the energy and cost of PVs have been 
neglected. Therefore, considering all these metrics of 
PV for service migration can improve the making 
decision of selecting the optimal PV.  

 Most of the studies assumed that the offloaded tasks 
are independent. Therefore, there remains a 
significant need to consider dependent task 
offloading [52]  under some factors, such as network 
communication between FN and PVs. This problem 
becomes difficult to solve when the processing time 
of these tasks is different due to the limited resource 
availability of PVs. 

 Most of the previous studies focus on processing one 
task from one end user, whereas processing multiple 
tasks from different end users has been neglected. In 
such cases, synchronous processing can be a difficult 
challenge. Therefore, proposing new online 
offloading methods for multiple tasks from multiple 
users can be a motivation problem to solve. 

 Moreover, simulation scenarios were the traditional 
validation results of most proposed methods, while 
the tests under real-world assumptions have not been 
taken into account. Therefore, implementing task 
offloading approaches in real-world scenarios 
ensures their validity and applicability.  

 Security and privacy concerns are overlooked in 
previous studies. In particular, within the FN-PV 
offloading environment, ensuring data integrity is 

crucial, especially when tasks are offloaded to 
unknown parked vehicles. In addition, the proposed 
offloading approaches did not address secure task 
transmission, node authentication, or data privacy, 
all of which are vital in IoT systems. 

 Finally, applying AI-driven offloading algorithms on 
different FN-PV problems is an open research area. 
In other words, using AI algorithms to predict the 
future PVs' behavior will be a very interesting 
research topic. 

IV. CONCLUSION 

The fog computing concept is closing cloud services 
such as computing, storage, and networking closer to the 
network edge. This new paradigm has enabled IoTs to 
offload their computation-intensive and delay-sensitive 
applications to FNs, in order to meet the requirements of 
IoT applications such as latency, cost, and energy 
consumption. In this context, the FN incurs a critical 
challenge, which is limited resources that need to be 
addressed to satisfy the objective of the FN and the end 
user. Therefore, the FN assists resources by collaborating 
with the idle resources of PVs. In this paper, we reviewed 
recent research related to task offloading approaches of the 
FN-PV scheme. Specifically, we have identified and 
classified different tasks and task offloading approaches 
from the perspectives of the desired objectives. In other 
words, we proposed a taxonomy based on popular 
objectives and explained their associated research issues. 
We also focused on a perspective model for offloading 
approaches in the FN-PV system and opened several 
research directions for further exploration of the related 
problems. 
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