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In the development of 5G mobile network, Fog computing becomes an
emerging component of the Cloud computing paradigm as the 5G core to
assure the diverse computational demands of 10T applications can be
satisfied. A cloud-based application requires a combined use of cloud and
local resources for its processing. Resource allocation for cloud-based
jobs plays an important role to achieve both QoS and efficient resource
utilization of a Cloud-based computing environment. This study
considers a hierarchical computing architecture in 5G network made up
of various computational machines from user device, edge server, fog to
cloud center. The system is to handle diverse loT applications in
heterogeneous computational resources. This study proposes a resource
allocation policy that takes account of job characteristics in terms of job
service demands with the aim at improving job service quality. We
develop simulation software to investigate the proposed policy.
Numerical results point out that the proposal reduces the average
response time by 5% to 9% and yields better resource utilizations in
comparison to a best-effort Round Robin policy.
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bién toan ddm may-suwong mu
Mang 161 5G

Phén bd tai nguyén

bic tinh cong vigc

ba dang tai nguyén

Trong sy phat trién cua mang di dong 5G, dién toan swong mu la mot
thanh phan cia mé hinh dién todn dam may véi vai trd mang 161 5G
nham dam bao co thé dap ung cic nhu cdu tinh toan da dang cua cac
g dung 10T. Ung dung dua trén dam may yéu cau sir dung két hop tai
nguyén dam may va tai nguyén cuc bo dé tinh toan. Van dé phan bo tai
nguyén cho cac (ng dung dam may dong vai trd quan trong dé dat dugc
chat lwong dich vu (QoS) va tinh hiéu qua trong viéc sir dung tai
nguyén. Nghién ciru ndy xem xét mot kién tric dién toan phan cip
trong mang 5G duoc tao thanh béi nhiéu may tinh toan khac nhau tur
thiét bi nguoi ding, may chu bién, ting swong mu dén trung tim dam
may. Hé thdng dién toan thuc thi viéc xtr 1y cac tng dung IoT da dang
trén cdc tai nguyén tinh toan c6 cac dac tinh, kha nang xu ly khac nhau.
Nghién ctru nay dé xuat mot thuat toan phan bo tai nguyén c6 xét dén
yéu cau vé dich vu cua cong viec nham muc dich nang cao chat lugng
dich vy. Ching t6i phat trién phan mém md phong de danh gia giai
phap dugc dé xuat. Két qua mo phong chi ra rang dé xuat nay giam thoi
gian phan hoi trung binh tir 5% dén 9% va mang lai hiéu qua str dung
tai nguyén t6t hon so v6i chinh sach phan b6 Round Robin.
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1. Introduction

5G mobile network has become crucial to enable Internet of Things (loTs) and handle its
increasing number of applications. The 5G mobile core defined by 3GPP utilizes cloud-aligned,
service-based architecture (SBA) that spans across all 5G functions and interactions including
authentication, security, session management and aggregation of traffic from end devices [1].
However, the ordinary cloud computing paradigm cannot fulfill requirements of all 5G functions
and loT applications that require diverse resource and service time demands. Edge computing, by
which tasks are processed at the local network devices, was introduced as a part of 5G network to
handle real-time tasks. However, 10T applications have a wide range of requirements for resources
and service quality, which challenges the processing capacity of Cloud and Edge nodes. Fog
computing appears as a complement of cloud to satisfy the diverse computational demands of loT
applications by moving cloud services to the edge network [2], [3].

As Fog nodes have differences in distribution and computing capacity, an effective scheduling
policy can reduce service delay and energy consumption. As a result, job scheduling in Cloud-Fog
computing environments has received a lot of attention in the literature works [4] — [8].

In [4], the authors proposed a batch-mode task scheduling algorithm based on the relationship
between the fog node set and the task set. Compared with existing batch-mode scheduling
algorithms (MCT, MET, MIN-MIN), the proposal yields a shorter total completion time of tasks.
Rafique et al. [9] focused on balancing task execution time and energy consumption at Fog layer
computing resources; the proposed NBIHA algorithm resulted in resource utilization, average
response time, and energy consumption but an increase in task execution time. A time-cost based
scheduling algorithm was introduced in [10], wherein authors applied a set of modifications of the
Genetic Algorithm in their proposal. Fan et al. proposed a multi-objective scheduling algorithm
that balances latency, load and reliability for an edge computational system [11]. Though
numerous literature studies have approached to job scheduling/resource allocation problem in Fog-
enabled system, it remains a topical, open problem due to the diversity of loT applications,
resource heterogeneity, and multiple criteria.

Previous works have not paid enough attention to the impact of job characteristics on the
performance of task-resource mapping decision in a cloud-fog computing environment. Since
applications have various needs of resources, service demands of jobs play a critical factor to
scheduling decisions. This study investigates the task scheduling problem taking job service
demand and workload models into account. The contributions of this work are highlighted in
what follows.

1. This study argues that the job service time demand and resource processing capacity are
important factors used for task-resource mapping in fog computing;

2. Numerical results indicate that using knowledge of workloads helps to improve both the
performance and resource utilization of a Cloud-Fog computing system.

The paper is organized as follows. Section Il describes the material used for the research
including a system model and the proposed scheduling solution. Section Il presents the
experimental design for evaluation, the results, and discussions. Finally, Section IV concludes
the paper.

2. Research materials
2.1. System modeling

As a cloud-fog environment is the integration of a large number of distributed devices and
connections, processing and storage capacity of fog nodes are extremely varied. The considered
model of a Cloud-Fog environment is illustrated in Figure 1. The system is composed of virtual
machines in a remote cloud center, cloudlet (that is, a small-scale version of cloud data centers
located geographically nearby users), low-performance Raspberry Pis (which are integrated
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within networking devices), and user smart devices (so-called edge subsystem). It is assumed that
nodes in a subsystem (cloud, cloudlet, Raspberries, edge) are homogeneous, i.e. provide an equal
computing capacity.
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Figure 1. A system model of Cloud-Fog computational architecture

We assume input workloads:

- can be executed on any computing node;

- are attended to by First Come First Served (FCFS) service policy;

- are uninterruptible while being processed;

- are compute-intensive and have service time demand known by the scheduler; and

- are independent of each other.

An incoming job is to be executed by a fog node according to a specific scheduling algorithm.
In what follows, we describe scheduling algorithms that allocate arriving jobs to a computational
node in the cloud-fog system.

2.2. A proposal of resource allocation policy

As afore-mentioned, the system resources are distributed and heterogeneous (i.e., fog nodes
have different resource capacity) and jobs have different service demands. In this section is the
proposal of a scheduling algorithm that aims to reduce network delay for jobs with acute service
time demands by allocating their tasks into as close nodes as possible. According to the Cloud-
Fog architecture, edge devices are closest to jobs, then the Gateway Raspberries machines and
Cloudlet server come, and the cloud center is furthermost. However, as Raspberries are low-
performance devices, it should be not to use these resources for job execution that require short
processing time.

The resource allocation policy (illustrated by Algorithm 1) follows rules as:

- The edge subsystem will have highest priority to execute job with acute service demand and
the cloudlet comes as the second. Otherwise, subsystem with the lowest load is chosen;
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- If job requires a long run, a subsystem is chosen according to low load rule, excluding the
end-user devices since we want to avoid user suffering from the battery consumption and
performance degradation of devices;

- A job will be served immediately if there is an available computing node;

- The shortest queue server is chosen if all servers are busy.

Let a job be identified by (j, sd;), where j is job identification and sd; is the service time
demand of job j. A threshold called statistical mean service demand is used to estimate the
service demand of job as follows. Let N(t) and f(z) denote the number of historical incoming jobs
and the average service time demand of those jobs up to the considered time t. The statistical
mean service demand is calculated as given in (1):

ZN(t) sd:

_ &Aj=10T) 1
pO= =N @

At a job submission, the scheduler compares jobs’ service demand with the current threshold
[(t). The scheduler routes a job to a computing node as close to the edge as possible if the job’s
service demand is less than the threshold. Otherwise, a job’s task will be allocated to the shortest
gueue node in the lowest load subsystem, excluding the end devices. Algorithm 1 presents the
pseudo-code of the proposed policy.

Algorithm 1. Job service demand based scheduling Algorithm
for each new arriving job j do
UPDATE B(t)
CALCULATE loads of subsystems: Edge, Cloudlet, Raspberries, Cloud
if sd; < B(t) then
if FIND free_server in the Edge subsystem then
ROUTE job j to free_server of the Edge
else if FIND free_server in the Cloudlet then
ROUTE job j to free_server of the Cloudlet
end if
else
CHOOSE subsystem with the lowest load from Cloudlet, Raspberries, and

Cloud
CALCULATE server queues of all nodes in the chosen subsystem
ROUTE job j to the shortest queue server
end if
end for

We evaluate the proposed service demand based algorithm by comparing to a Round-Robin
based allocation policy wherein each computing node is selected with the same probability in a
circle way with no consideration to resource characteristics.

3. Numerical results and discussion

The evaluation is conducted using a simulation software written in C. A simulation run is
stopped after five million completions. System performance metrics in terms of subsystem
resource utilization, average waiting time, and average response time per job (i.e. the average
time period since a job arrives until it is responded with results) are measured.

3.1. System load

To construct a testbed for evaluation, we follow the rules that:

- the computing resources are most available at the cloud center,

- the number of end-user devices and the number of cloudlet servers are medium, and
- networking devices contributes the least portion of the computing system.
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The Cloud-Fog computing environment used in simulation runs is composed of 128 virtual
machines (VMs) located at cloud center, 64 end-user devices, 64 rich-resource cloudlet servers,
32 low-performance Raspberry Pi devices.

We assume that the inter-arrive time and the execution time of jobs are exponentially
distributed with means of 1/L and 1/u, respectively. A end-user device, a cloudlet node, a
Raspberry Pi, and a VM are assumed to have ability of executing tasks at service rate ul = 2.0
(tasks/s), u2 = 1.0 (tasks/s), u3 = 0.5 (tasks/s), u4 = 1.0 (tasks/s), respectively. As a result, the
considered system has the average service rate of at most (64x 2.0 + 64 x 1.0 + 32 x 0.5 + 128 x
1.0) = 336 (jobs/s). The simulation runs with a range from low to high load of 20% - 60%.

The proposed solution is compaerd with the best-effort Round-Robin (RR) policy. Parameters
used for performance evaluation of those two algorithms are given as follows.

- Average response time (RT) is the mean time that a job stays in the system (since its arrival
up to departure) as given in (2). Let rt; be the response time of job j (j = 1, ..., N) and N is the
total completed jobs in the simulation run.

1
RT = N Zy: 1th (2)

- Average waiting time (WT) is the mean time delay of a job spending in queue and waiting for
the service. Let wt; be the waiting tim of job j, the average waiting time of N jobs in the
simulation run is calculated as (3):

WT = - 3N, wi; ©)

- Subsystem resource utilization is the percentage of the busy time of nodes in a subsystem
over the simulation time

3.2. Obtained results
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Figure 2. Average waiting time of job (s)

Figures 2 and 3 present the average waiting time and the average response time per job,
respectively.

It can be observed from Figure 2 that jobs have to wait longer with Round-Robin, especially at
low load. When load increases, the waiting time of job increases when the proposed algorithm is
used and there is no difference in the delay time between two policies. This increase can be
explained by the preference to nodes in cloudlet and cloud center when load is high. Since edge
nodes have high performance capacity, the Round-Robin tends to put more tasks to the Edge
subsystem. On the contrary, JCA aims keeping edge devices a low utilization to avoid users’
disappointment.

Figure 3 presents that the proposed algorithm reduces the average response time per job by 5%
to 9% in compared to Round-Robin solution, despite the change of workload intensity. The reason
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is that our proposal chooses a computing node based on their processing capacity and location;
wherein, powerful servers are preferred if available and the proposed policy attempts a node that is
as close to user’s job as possible to avoid job transfer through the network.
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Figure 4. Subsystem utilization: a) with Round-Robin, b) with proposed algorithm

The resource utilization of the four subsystems (Edge, Cloudlet, Raspberries, and Cloud
center) is plotted in Figure 4. It can be observed that when the workload intensity increases,
Round Robin policy (Figure 4a) puts load stress on edge devices (up to average of 80% busy
nodes at the user side) while using less than 60% of powerful servers in Cloudlet and
approximately 65% of Cloud center. The overuse of end-user devices to perform computational
tasks may result in slowdown on user devices and cause a discomfort to users.

On the contrary, the proposed algorithm (Figure 4b) keeps the load on end-user devices at
medium level (the average utilization of this subsystem is less than 40% even when the arrival
intensity increases high). As shown in Figure 4b, when the arrival intensity is high, powerful
computing servers of cloudlet and cloud center are preferred (with average utilization of 75% -
80%). Furthermore, the low-compute devices (Raspberries) are also not preferred and remains
a low utilization less than 40%. In summary, the loads of subsystems are likely balanced with
the proposal.
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w
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4. Conclusion

In this paper, we study the impact of job service demand on the performance of a Cloud-Fog
computing environment which includes all types of computing resources from end-user smart
devices to servers in cloud center. We address the inefficient utilization of computing resources
when the naive Round-Robin is used to allocate diverse applications to the system. The proposed
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resource allocation algorithm taking into account job service demand and resource computing
capacity yields better performance and resource utilization of the system, in comparison to the
Round-Robin algorithm. However, Cloud-Fog computing is a highly heterogeneous system
therein functionalities of fog nodes can be different. The consideration of application types and
node functionalities is beyond this study. In addition, energy efficiency is a crucial issue in all
large-scale systems, which drives our further study. We intend to compare the solution with other
novel algorithms and expand the investigation on the energy consumption issue in Cloud-Fog
computing systems.
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