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Abstract: Research is considering the concept of resource scheduling in fog environment along with need of Fog computing has 
been discussed here. The research work focuses on the scheduling algorithm for resource management. The concept of node 
duplication has been discussed in critical path algorithm. Such algorithms are suppose to minimize the make span time. These 
algorithms are performing efficiently to manage cloud resources.  The Critical Path Algorithm has been used for Real Time 
Applications in Cloud Environment. In order to show the working algorithm. The operation has been made on the sample graph. 
The graph involves the six jobs from t1 to t6, and two dummy tasks, tst and tex. Three services are there for every job which 
executes the task with different QoS. The technical implementation of critical path using java is made in this paper that has been 
integrated in fog environment. In the future the proposed algorithm is applied to improve the performance of fog environment. 
Keywords:  Cloud computing, Fog Computing, Scheduling, Resource scheduling, Critical path algorithm. 

I. INTRODUCTION 
Using cloud services [2], organizations are capable to deploy their software systems on pool of resources. These organizations 
depend on their business-critical systems. Their systems are developed over long periods. Such legacy applications are implemented 
on-premise. Several researches in cloud migration have been carried out in last few decades. 
Requirement of storage of data [3] is enhancing every day.  
It may be considered as a record or as the memory. Under the traditional [22] way of storing hard disks were used in computers or in 
the smart phones. Data store is increasing simultaneously with the increase in profiles number of individuals and there was a parallel 
increase in the store of data. There is elasticity, scalability, efficiency and multi-mobility in cloud computing. Fog computing is an 
expansion of cloud computing services up to the border of the network. The purpose is to minimize latency and overcrowding of 
network. 
It is comparatively a trend of the present research. Even though same type of resources and services are offered by cloud and fog, 
the latter is categorized by low latency with a broader spread and geographically circulated nodes for supporting movement and 
interaction of real-time.The extension of cloud computing has become possible due to Fog computing. Cloud computing offers data, 
computation, storage, and application services for the end-user.  
Fog computing is that dispersed computing networking device which is omnipresent. It is often considered as IoT devices and some 
new devices and analytics.  
It is considered to be happening in Fog infrastructures because of mobility of various applications, allocation of resources and 
distribution of management .This is done by a fog layer in which present user movement is forwarded to geographically distributed 
data centers of cloud. More than this, fog layer time can handle the application execution requests distribution of IoT devices at the 
network edges. Here data generation and processing is not taken into consideration.  

II. OBJECTIVE 
The objectives of research have been discussed as follow: 

A. To study the need and limitations of existing Fog based system. 
B. To investigate different scheduling techniques. 
C. To review the existing researches related to fog computing along with their achievements and limitations. 
D. To consider the concept of resource scheduling in fog based system. 
E. To proposed a fog system associated with resource scheduling in order to perform comparative analyses of proposed and 

traditional system. 
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III. PROBLEM FORMULATION 
There are many problems that are faced during fog computing. It has been observed that applications running on devices need 
centralized point to host application. There are limited computation and storage capacity. However present trends are resolving such 
issues. These mechanisms have tried to provide more energy-efficient. Such mechanisms based devices are the powerful and 
efficient devices. There are some improvements that have been approved for non-user appliances. The management of resources on 
fog environment is a big issue. Having potentially billions of small appliances are arranged, the fog depends on decentralized 
management mechanisms. Other side the lack of security is a big issue.  Data privacy has become a problem. However several 
encryption and security mechanisms have been proposed. But these mechanisms have influenced the performance as lot of the time 
is wasted in securing data before transmission. 
Standardization of the fog environment is another problem as the system is using different hardware from different vendors. Some 
time it becomes difficult to configure routers and other devices due to compatibility issues. There is need of task scheduling. It is 
capable to consider the balancing of workload over client device as well as computation servers. Resource management considers 
the placement of task images on storage servers. Balancing of input and output interrupt requests in case of storage servers may 
resolve issues related to cloud storage. The process of Task scheduling is required to balance the workload over client device as well 
as computation servers. There is need of management of resource as it considers the placement of task images on storage servers. 
Balancing of input and output interrupt requests in case of storage servers might be helpful in resolve issues related to resource 
management. 

IV. RESULT AND DISCUSSION  
The first critical path technique has been applied to manage the resources in this research. The real technique has been introduced 
for construction work. It has been applied for any task running on cloud where there are interdependent activities. During resource 
scheduling it would be easy to allot resources to task that are running on cloud, after getting status of their dependency. With critical 
path technique, the critical actions in a program have been classified. Such activities have an effect directly on the finishing time of 
operation on cloud.  

 
Fig 1Resource Management on Cloud 

A. Proposed Work In Process Flow   
The process flow of proposed work in resource scheduling phase has six steps. 
1) Step 1: Specific the activity  
2) Step 2: Establish the activity sequence  
3) Step 3: Network diagram 
4) Step 4: Every activity estimation  
5) Step 5: Identify the critical path 
6) Step 6: Use the critical path diagram to indicate the project progresses 

 
B. The Way To Identify The Critical Path  
To identify the critical path, four parameters of each task of the fog are considered. 
1) Earliest start time (ES) - The earliest time and activity can start once the previous dependent actions. 
2) Earliest finish time (EF) - ES + duration of activity. 
3) Latest finish time (LF) - The latest time may end an activity lacking of delay of any type in the project. 
Latest start time (LS) - LF - duration of activity  
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C. Critical Path Diagram Showing The Task Progresses 
Critical path diagram is a live. Therefore, this diagram should be updated with actual values once the task is completed. This gives 
more realistic figure for the deadline and the fog management can know whether they are on track regarding the deliverables 
resources. 

D. Critical Path Algorithm for Real Time Applications in Cloud Environment 
1) In today's scenario cloud computing is gaining more and more popularity as we are moving towards digitization. With the 

evolution of cloud computing technique there are issues are faced to get better the service quality.  
2) In cloud computing environment there are various parameters as performance, availability, reliability, on demand cost etc.  
3) In this research proposed an algorithm that finds the availability of the services for the real time applications.  
4) The algorithm would find the new critical path and optimal deadline for the task workflow model based on earliest beginning 

time and latest ending time. 

E. Mathematical Formulation for Task Dependency 
1) A workflow application W = (T,E) has been modeled in the form of directed acyclic graph (DAG) here T={T1; T2; . . . ; Tn} 

has been considered her the set of tasks. here E is the set of directed edges.  
2) An edge Eij of the form (Ti; Tk) situates in the situation of data dependency between Ti and Tj, in the case if Ti is the parent 

task of Tj and Tj Tj and Tj, will be the child task of Ti.  
3) As per the directed acyclic graph a child task will be completed after the completion of its entire parent tasks.  
4) In addition, every flow of work W has a deadline connected to it. A deadline has been expressed as a time limit for the 

implementation of the workflow.  
5) Precedence relation “ < ” defines if Ti < Tk ie when Ti is completed then Tk executes and Ti is immediate predecessor of Tk 

while Tk is immediate successor of Ti.  
6) Tp represent parent node for any task node, Tc represent Child node for any task and D is the deadline for the workflow 

schedule.  
 
 
 
 

Independent Task 
 

 
 
 

Dependent Task 
 

 
 
 

T1<T2<T3 
Fig 2 Mathematical Formulation for Task Dependency 

F. Performance Analysis 
1) To show the works process of algorithm, its operation has been drawn on the sample graph. The graph involves the six tasks. 

Such tasks are from t1 to t6, and it also includes two dummy tasks, tst and tex. Three separate services are there for each task. 
Such perform the task with several QoS.  

2) One thing is clear that the cost of a faster service than a slow service. It has come to know from the analysis of every job, it has 
been supposed that all services are completely available at desired time.  

3) For making the example very simle, it has been supposed that the calculated information sending time and cost between two 
adjacent jobs are fixed 

Ti T

T T

T2 T T3 
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Table 1Analysis of EST and LFT 
Tasks Initial State After removing task T4 

 E
S
T 

L
F
T 

 E
S
T 

LFT 

T1 0 0 T1 0 0 
T2 0 0 T2 0 0 
T3 0 0 T3 0 0 
T4 3 3 T4 - - 
T5 3 4 T5 3 3 
T6 6 6 T6 5 5 

 
Fig 3 Work flow Schedule on Task Removal 

G. In Resource Management Advantages of Critic 
There are several advantages of critical path method which have been given below: 
1) It provides a visual representation related to actions on cloud and fog. 
2) It presents the time in order to complete the jobs and to complete the whole execution. 
3) It helps to allot the resource. 

V. IMPLEMENTATION OF CRITICAL PATH 
Here in this section the java based code to implement critical path has been specified that has been integrated in fog environment in 
order to manage resources. The CPM depends on the task dependency.  

A. Source code  
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B. Output 

 

VI. CONCLUSION 
The real time applications over the cloud environment have a challenge of finding a new critical path so as to evaluate deadline for a 
workflow schedule. The proposed algorithm evaluate the optimized deadline with the new critical path for a given workflow 
schedule when a task or job is being removed from the schedule. For the real time applications rate monotonic schedule is used to 
set static priority for every task for best service for each task so as to perform the task before the deadline of the schedule. The 
presented algorithm can be used to improve the QoS performance of cloud environment. Each virtual machine task has different 
services suppose where availability of critical path for real time applications can improve the performance of cloud environment that 
would take a step ahead for further execution of execution time and cost.  Furthermore, the algorithm can be modified to set priority 
of the task using different and feasible technique.  

VII. SCOPE OF RESEARCH 
In the future the proposed algorithm would be used to improve the performance of fog environment. Each virtual machine task has 
different services suppose where availability of critical path for real time applications can improve the performance of cloud 
environment that would take a step ahead for further execution of execution time and cost.  Furthermore, algorithm can be modified 
to set priority of the task using different and feasible technique. It is found from the analysis for each task a faster service costs more 
than a slower one. But the proposed work would provide all services completely available on desired time.  
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