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h i g h l i g h t s

• An autonomic computation offloading model for mobile edge/fog is proposed.
• A deep reinforcement Q-learning model is used for computation offloading.
• Our method significantly improves the performance of the computation offloading.
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a b s t r a c t

Computation offloading is a protuberant elucidation for the resource-constrained mobile devices to
accomplish the process demands high computation capability. The mobile cloud is the well-known
existing offloading platform, which usually far-end network solution, to leverage computation of the
resource-constrained mobile devices. Because of the far-end network solution, the user devices ex-
perience higher latency or network delay, which negatively affects the real-time mobile Internet of
things (IoT) applications. Therefore, this paper proposed near-end network solution of computation
offloading in mobile edge/fog. The mobility, heterogeneity and geographical distribution mobile devices
through several challenges in computation offloading in mobile edge/fog. However, for handling the
computation resource demand from the massive mobile devices, a deep Q-learning based autonomic
management framework is proposed. The distributed edge/fog network controller (FNC) scavenging the
available edge/fog resources i.e. processing, memory, network to enable edge/fog computation service.
The randomness in the availability of resources and numerous options for allocating those resources
for offloading computation fits the problem appropriate for modeling through Markov decision process
(MDP) and solution through reinforcement learning. The proposed model is simulated through MATLAB
considering oscillated resource demands andmobility of end user devices. The proposed autonomic deep
Q-learning based method significantly improves the performance of the computation offloading through
minimizing the latency of service computing. The total power consumption due to different offloading
decisions is also studied for comparative study purpose which shows the proposed approach as energy
efficient with respect to the state-of-the-art computation offloading solutions.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

The massive growth of mobile devices (e.g. smart phones, lap-
tops, tablet pc’s, mobile IoT’s and automobiles) and their compu-
tation demands imposed a huge scarcity in communication net-
work and computation resources. Some of the application services
e.g. image processing and real-time translation services require ex-
tensive computation, the resource-constrained mobile devices are
not the feasible domiciles to process those applications. Therefore,
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to meet the computation demands of such type of mobile devices
and applications the outsourcing of computation is the demand in
need.

Computation offloading is a relocation mechanism of processes
or modules of software applications or systems from resource-
constrained devices to the resource-rich platforms. Mobile cloud
is the well-known platform for computation offloading of mobile
devices. Mobile cloud computing is becoming a popular method
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for mobile services e.g. mobile video games, video streaming, ed-
ucation, social networking, messenger and mobile healthcare ser-
vices [1].

However, the key barriers to offloading computation in mobile
cloud are the network bandwidth and latency. Data travels a longer
hazardous path from mobile device to the mobile cloud during
offloading and thus consumes huge network bandwidth [2]. The
bandwidth scarcity, and internet bottlenecks and traffic conges-
tions are the catalysts for the higher latency of offloading compu-
tation. Real-time applications are highly latency sensitive and thus
it requires to compute data in a close proximity of mobile devices
or users. So, mobile fog can be the effective and suitable platform
for offloading mobile computation.

Fog computing [3] is introduced by Cisco Systems Inc. to extend
the cloud computing paradigm to the edge of network especially
for Internet of Things (IoT) services. Mobile Fog is the complemen-
tary model of fog computing especially prototyped for seamless
and latency-aware mobile services [4]. However, the key research
questions for offloading computation in mobile fog are (1) How
to offload computation in the mobile fog? (2) Which module or
process of mobile application should offload? (3) Where to of-
fload the module or process for minimizing the latency of service
computing? Moreover, the mobility, heterogeneity and geograph-
ical distribution mobile devices impose additional challenges of
computation offloading in mobile fog. This research contributes to
finding the answer to the above questions. The key contributions
of this research are as follows.

• A code offloading framework is proposed for computation
offloading in mobile fog environment. The code analyzer unit
of the framework determines which basic blocks of the code
are computation hungry and subject to offload.

• A deep Q-learning [5] based computation offloading method
is proposed for the autonomic management of massive of-
floading request. The trained code offloader unit of the pro-
posed framework takes the offloading decision considering
resource demand, resource availability and network status to
minimize the latency of service computing.

• The performance of the proposedmodel studied through sim-
ulation. The performance gain in terms of latency and energy
efficiency justifies the dominance of the proposed autonomic
offloading model.

Rest of the paper is organized as follows. In Section 2, we
discussed the related works. The system model of mobile fog is
presented in Section 3. The deep Q-learning based autonomic code
offloading method in mobile fog is illustrated in Section 4. We
presented the simulation and performance study results in Section
5. Finally, we concluded the paper in Section 6 with some future
directions.

2. State-of-the-arts computation offloading methods

Mobile fog interplays with tradition cloud to access its huge
computational resources. Thus, this section discussed state-of-the-
arts resource provisioning methods of legacy cloud computing
paradigm. Afterwards, the pioneer works on computation offload-
ing in the mobile cloud are discussed in this section.

The elasticity and scalability of cloud computing are achieved
through virtualization of cloud resources. The resources of cloud
data centers are managed through VM configuration and place-
ment methods. The optimized placement of virtual machines in
cloud brokering architecture is proposed in [6]. The paper pre-
sented very detail architecture of cloud service broker. The opti-
mized selection of virtual resources of cloud brokers through cloud
scheduler was one of the primary objectives of the paper. The

holistic approach, OPTIMIS, is proposed in [7] to optimize the ser-
vice lifecycle of cloud service provisioning. The paper introduced a
toolkit for reliable, sustainable and trustful service provisioning.

The cost-effective deployment of computing clusters in multi-
cloud infrastructure is presented in [8]. They provided analysis
on the viewpoint of performance and cost. The proposal is only
for loosely coupled many-task computing (MTC) applications. The
proposal overlooks tightly coupled MTC applications, where facts
are highly interdependent and synchronization among the compu-
tational units is necessary.

The optimal allocation of computing and networking resources
in cloud computing networks is proposed in [9]. The authors of
this paper used mixed integer programming to formulate opti-
mal networked cloud mapping problem. In the proposal, the au-
thors modeled cloud request as undirected graph of virtual nodes
and virtual network links and then allocate QoS-aware virtual
resources according to networked cloud request.

Energy-aware resource allocation and provisioning methods
are discussed in [10]. They proposed a green cloud architecture
with power model, VMs placement and migration algorithm. The
proposal is fully devoted to power-aware policy development by
minimizing the migration of VMs among multi-cloud infrastruc-
ture.

A joint or coordinated VM resource provisioning and main-
tenance scheduling method is proposed by the authors of [11].
They formulated the problem as an Integer Linear Programming
problem and then transformed it into an equivalent problem to
obtain linear programming relaxation solution, then they apply
LIST rounding algorithm towards a final approximate solution.
CoTuner [12] is the model-free reinforcement learning based VM
configuration framework. It can configure VM’s on the fly with
changing workloads.

Inmobile cloud computing,most of the pioneerworks proposed
the VM migration mechanism in a surrogate cloud server. The
cloudlets [13] are the trusted, resource-rich and nearby computing
box to offload mobile data for extensive processing. Cloudlet is
well-connected to the central cloud through internet and it is con-
sidered within one hop communication range of mobile devices.
The cloudlets are also called the little clouds, which act as the
surrogates of centralized mobile cloud to process latency sensitive
application services. The adjacent cloudlets are connected with
each other through mesh connectivity [14] and can communicate
and migrate virtual machines (VMs) with one other to support
mobility. Each cloudlet is connected with centralizedmobile cloud
to fetch, store, and process necessary data through VM placement.
The physical servers of host mobile cloud and cloudlets are placed
in the fixed geographical locations but because of the arbitrary user
requests and resource requirements the states of VMs change dy-
namically. The cloudlets are placed usually in coffee shops, subway
stations and other public places. The dense deployment of cloudlet
requires a huge investment.

CloneCloud [15] proposed a solution of offloading computation
in cloud servers by introducing an automatic application parti-
tioner, which portioned the mobile application at runtime and
deploys it onto device clones in the computational cloud. The
communication latency and VM formation cause jitter in latency-
sensitive applications. The mobility of mobile users is ubiquitous
and thus we need more efficient solutions which ensure seamless
mobile services.

MobiCloud [16] proposed the Mobile Ad Hoc Networks (MAN-
ATs) as themobile cloud computingunits,where eachof themobile
nodes acts like the service node. Every service node is mirrored
in virtualized cloud servers to provide secure service architecture.
Scavenger [17] is the mobile cyber-foraging system to offload
resource intensive jobs. The framework provides an opportunity
to offload computation to nearby surrogate devices.
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