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Abstract- Cloud computing environments provide virtualized resources that can be utilized dynamically. Cloud computing, 
also known as utility based computing, encourage researchers to utilize resources virtually via electronic medium. Small and 
medium-sized enterprises (SMEs) are gaining interest in cloud computing because of their easier services, convenience and 
ability to use across multiple platforms at low cost. Availability of virtualized resources has increased the demand of 
scheduling for resource optimization. Scheduling problem of independent task on distributed computing system (DCs) deals 
with the allocation of task on available resources with greater recommendation value and higher trust worthiness (TW) values.  
Due to complex nature of scheduling, scheduling is interesting field of research. In this paper we used Genetic Algorithm 
approach to map tasks onto best available resources. Recommendation and TW of resources are the important factors for task 
assignment. Recommendation value, TW value, Cost, Minimum Completion Time (MCT) factors are considered here to find 
optimal solution for independent task scheduling. 
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I. INTRODUCTION 
 
Cloud computing is new era of computing services 
that can be used on need basis. It provide services 
which are Internet-based computing where the service 
providers provide services in terms of storage, 
computation, resources, software, special hardware 
etc. It provides service IaaS (Infrastructure as a 
Service) which helps the client not to purchase 
required server, data - centre or network resources. It 
helps the organization to reduce the cost by 
eliminating the need of hosting the technology 
infrastructure as its own premises. Its clients (consists 
hardware or computer software) can also use SaaS 
(Software as a Service) over the internet and can 
eliminate the need of installation of applications. It 
provides the resources and services over the network 
and to utilize these resources and services Scheduling 
is required. 
 
Scheduling is the arrangement of entities (people, task, 
exams, vehicle and plan) into a pattern in space-time in 
such a way that constraints are satisfied and certain 
goals are achieved. Effective arrangement of resources 
in schedule within time is essential to achieve high 
performance of distributed application spread over a 
group of processors connected via a high speed 
network. Task Scheduling is defined as the process of 
assigning the task of a distributed application onto best 
available processor. An efficient scheduling is one that 
minimize the total completion time with minimum 
cost. 
 
In general, the problem of task scheduling is 
NP-Complete. Because of its key importance, several 
algorithms have been proposed with the various 
degree of performance like minimization of 
computation power, completion time and cost etc. 

In this paper we present a new algorithm for 
multi-objective function. Proposed algorithm uses 
Genetic Algorithm (GA) which is a good method to 
find the solution for multi-objective constraints.   
 
 Objective of this research is to have best utilization of 
available resources at least cost with minimum 
schedule length. This paper includes recommendation 
value which is obtained by the previous users’ 
experiences and trustworthiness (TW) of resources. 
These factors help to select best resources for job to 
accomplish. 
 
This paper based on the problem of finding optimal 
solution of independent task scheduling in cloud 
computing environment. The remainder of paper is 
organized as follows: section II presents the need of 
scheduling, section III tells the work that has already 
done, section IV is proposed approach, and section V 
is the experimental result. Last section is the 
conclusion and future work that could be done.  
 
II. NEED OF SCHEDULING 
 
Important key factor of cloud is Application 
Scalability and on demand resource provisioning. 
Scalability of cloud resources is to meet user 
requirements. The network based services are 
available at lower cost and tasks are scheduled 
according to user’s requirement. To schedule the task, 
scheduling methods are in demand to overcome the 
problem of assigning task to best resources. Job 
Scheduling is core value and aim of Grid Computing 
and its aim to utilize all resources. Initially algorithms 
are implemented in grid and now there is need to 
implement in cloud because of its services which is 
available on internet and can be avail by widely spread 
users on requirement basis.  
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In general, scheduling is also required in daily routine 
life to complete our work without wasting our time 
and to avoid collision. I have one example to make it 
perspicuous, scheduling of train’s time. There are lots 
of trains on one route and to avoid collision it is 
necessary to make proper arrangement.  
 
III. RELATED WORK 
 
Scheduling is the process of allocating a task on the 
available resources to achieve maximum resource 
utilization, efficient result in minimum time. Several 
tasks scheduling algorithm has been implemented. 
Scheduling is important for effective utilization of 
resources in distributed system. 
 
Scheduling approach is based on the nature of 
dependent or independent tasks in applications. 
Dependent tasks cannot start execution until its entire 
predecessor is completed whereas independent task 
has no relation with other tasks. Scheduling can be 
static and dynamic in nature. Static task scheduling 
takes place during the compilation time and 
dependency between tasks should be known in 
advance. Dynamic scheduling takes place at run time 
and tasks are allocated to processors upon their arrival. 
 
In literature, Task scheduling heuristic algorithm have 
been classified as list based heuristic, clustering 
heuristic and duplication based. In list based heuristic 
scheduling task is ordered on the basis of priority and 
scheduled on the available processor to minimize the 
schedule length and maximizes the resource 
utilization. Some examples are Modified Critical Path 
(MCP) algorithm, Dynamic Critical Path (DCP) and 
Heterogeneous Earliest Finish Time First (HEFT). In 
clustering heuristic algorithm tasks are grouped 
together to create a cluster. Then, these clusters are 
mapped to the available resources. Complexity of 
clustered algorithm is lower than the list based 
heuristic algorithm. Mobility Directed (MD) 
algorithm is one example of cluster based algorithm. 
Duplication based algorithm uses first List based or 
cluster based algorithm to initiate the schedule. Next 
step is to identify the highest number of dependent 
task and execute redundantly on the processors in 
which their dependent tasks are allocated to reduce 
their communication cost. Some examples are 
Heterogeneous Economical Duplication (HED) [6], 
Selective Duplication (SD) and Critical Path Fast 
Duplication (CPFD). 
  
Independent task means there is no dependency 
between tasks and order of execution does not create 
any conflicts. A set of independent task is assigned to 
resources based on their capacity to attain maximum 
throughput. The Min-Min heuristic schedules sets of 
Independent tasks iteratively. At each iterative step, it 
computes Earliest Completion Time (ECT) of each 
task on available resources and obtained the Minimum 

Estimated Completion Time (MCT) for each task. A 
task having minimum MCT value is scheduled first. 
Max- Min scheduling approach is almost same as 
Min-Min but only difference is it takes longest 
execution time rather than minimum execution time. 
In Sufferage, it does not calculate MCT and ECT, 
based on the Sufferage value it sets priority. Sufferage 
value is the difference between its earliest completion 
time first and second earliest completion time. 
Opportunistic Load Balancing (OLB) assign tasks to 
processor in arbitrary order to that is having shortest 
schedule. It helps to balance load but does not generate 
good schedule. Dependency mode scheduling used a 
strategy to map workflow tasks on heterogeneous 
resources is based on analyzing dependencies of the 
entire task graph in order to complete these 
inter-dependent task at earliest time. Work flow 
scheduling is mapping and managing of 
inter-dependent task on diverse utility services. Many 
scientific areas require work flow processing in which 
tasks are executed based on their control or data 
dependencies. 
 
Scheduling of inter-dependent tasks and independent 
tasks need to consider users’ QoS requirements. QoS 
constraints are budget, deadline, Reputation etc.   
According to the requirement of users, these 
constraints are applied and need to be compromised 
sometime. Jia Yu and Rajkumar Buyya developed 
Scheduling algorithm where budget and deadline are 
constraint which is used to schedule work flow tasks in 
Grid Environment.  
 
In distributed environment, an entity will have the 
opportunity of using pools of resources that it would 
not be available to it otherwise. Risk is being 
associated with sharing of resources. Because of 
sensitivity of data such entities prefer to use own 
‘closed box’ resources. To make distributed 
computing more appealing, trust must be addressed. 
Trust is complex to explain but can be described by 
two ways identity trust and behavior trust. Identity 
trust is related with the authentication and verification 
of entities, where as behavior trust is a notion of 
trustworthiness.   
 
Guided random search techniques use random walks 
with information to investigate the search space of 
problem. These techniques utilize the results of 
previous work to guide the search process.  These 
techniques are Genetic Algorithm (GA), Simulated 
Annealing (SA) and Tabu Search (TS). Genetic 
Algorithm is a search heuristic that mimics the process 
of natural evolution. It uses population of candidate 
solution to optimize problem. Hybrid Genetic, Parallel 
Genetic and Genetic Simulated Annealing Algorithm 
are used to schedule task in distributed computing. GA 
is based on the principle of evolution and natural 
genetics. It applies the principles of survival of the 
fittest, selection, reproduction, crossover 
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(recombining), and mutation on these individuals to 
get new batter individuals (new solutions). It can solve 
every optimization problem which can be described 
with the chromosome encoding with multiple 
solutions. Since the genetic algorithm execution 
technique is not dependent on the error surface, we can 
solve multi-dimensional, non-differential, 
non-continuous, and even non-parametrical problems. 
In distributed computing system (DCS) to schedule 
the task based on GA need fitness function to avoid 
infeasible string. We have to design representation 
along with a crossover operation and mutation 
operation. In order to prevent GAs from prematuring 
with local optima a restart method is introduces. 
Performance and quality of Hybrid Genetic Algorithm 
(HGA) is influenced by the choice of crossover 
probability Pc and the mutation probability Pm. 
Operators used are reproduction, crossover and 
mutation. Reproduction is the transmission of personal 
information from the father population to the son 
population [10]. Simulated Annealing is a popular 
local search meta-heuristic used to address discrete 
and, to a lesser extent, continuous optimization 
problems. The key feature of simulated annealing is 
that it provides a means to escape local optima by 
allowing hill-climbing moves (i.e., moves which 
worsen the objective function value) in hopes of 
finding a global optimum. The simulated annealing 
cooling schedule is fully defined by an initial 
temperature, a schedule for reducing/changing the 
temperature, and a stopping criterion. Romeo and 
Sangiovanni-Vincentelli (1991) noted that an effective 
cooling schedule is essential to reduce the amount of 
time required by the algorithm to find an optimal 
solution. Simulated Annealing for Dynamic load 
Balancing (SA_DLB) algorithm balances the load on 
different computing system [8]. Tabu search is a 
meta-heuristic search method employing local search 
methods for mathematical optimization. Local 
searches take a potential solution to a problem and 
check its immediate neighbors in the hope of finding 
new solution. It keeps track the region of solution 
space in order to avoid repetition of search areas. Tabu 
search, generate a neighboring solutions of current 
solution, finds the best neighboring solution and check 
it for accessibility and the replace the current solution. 
There are some more algorithms that consider QoS for 
scheduling tasks onto resources in cloud environment.  
 
IV. PROPOSED SCHEDULING 

ALGORITHM 
 
Genetic Algorithm (GA) is a method for moving one 
population of chromosomes to a new population by 
using a kind of ‘natural selection’ together with the 
genetics – inspired operators of crossover, mutation 
and inversion. The selection operator chooses those 
chromosomes in the population that will be allowed to 
reproduce and on average the filter chromosomes 
produce offspring than the less fit ones. Primary 

objective of selection operator is to emphasize on good 
solutions and eliminate the bad solutions in a 
population while keeping the population size constant.  
 
Crossover operator exchange subpart of two 
chromosomes, roughly mimicking biological 
recombination between two single chromosome 
organisms. In general term, it is used to create new 
solutions available in the mating pool after applying 
selection operator.  Mutation operator randomly 
changes the allele value of some locations in 
chromosomes. It is the occasional introduction of new 
features in to the solution of strings of the population 
pool.  Inversion reverses the order of contiguous 
selection of chromosome, thus rearranging the order in 
which genes are arrayed.  
 

Fig 1: GA Working Environment 
 

A. String Representation  
GA provides solution for the scheduling of both 
independent and work flow tasks. The most common 
representation of task and processor is [Ti , Pi ]showing 
that task Ti  will be executed on processor Pi . A string 
is a candidate solution for a problem. Therefore a 
string should represent a complete schedule. A string 
is one dimensional array which is encoded as: 
 

[Ti , Pi ,TW(Pi),Rec(Pi)] 
 

Where TW(Pi) is trust worthiness of resources. This 
value can be changed with the environment and 
condition.  
For the task T=T1,T2,T3...... TN and  set of recourses 
P= P1,P2,P3 ...... PM we have a chromosome like 
 

CR(T,P)={ [Ti , Pi ,TW(Pi),Rec(Pi)]  
| Ti  Є T, Pi  Є P} 

 
|CR(T,P)|=|T|=N It means all task are scheduled and if 
N< M then several resources are unused and N>M 
then some processors are executing more than one 
task. 
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B. Fitness Function 
A fitness function value quantifies the optimality of a 
solution. This value is used to rank a solution against 
other solution. A fitness function f of a chromosome 
CR(T,P) is defined as :  

1 1

minspan 1 _ ( )( ( , ) * * ( )* (Pr ( ))
maxspan

M M

i i

completion time Pif CR T P Cost Pi F ef Pi
M Maxspan 

  
     (1) 

 
Where minspan is minimum execution time of 
processors and F(Pref(P)) is a preference function that 
depends on the trustworthiness of resources and 
recommendation of resources.  

( ) Re ( )(Pr ( )) TW P p PF ef P  
 





                         (2) 

                 
Where α and β are the preference constant which helps 
the user to select their preference for resources. 
Resources can be selected via trustworthiness of 
resources and recommendation of resources.   

                                                                                
TW(P)         if α=1,β 

 F(Pref(P)) =       Rec(P)         if α=0,β=1 
                           TW(P)+Rec(P)/2  if α=1,β=1 

 
 
Trustworthiness of Processor Pi (TW(Pi)) based on 
attributes of resources like processor speed, 
transmission speed, capacity of resource and cost of 
resource. 
   

1

( ) *
n

i

TW Pi Wi RAi


                                            (3) 

   
Where wi is the value of priority of attribute and its 
range is in between 0 to 1. RAi is Resource Attribute of 
Resource, n is the no of attributes of resources. 
 
V. EXPERIMENTAL RESULTS 
 
The objective is to create a cloud testing environment 
where GA parameters can be identified and can give 
nearest optimal solution of task scheduling using 
Pref(P) function. We implemented a simple 
framework of tasks and different virtual resources. 
Framework initially was used to calculate Pref(P) 
function which is based on the value of trustworthiness 
and recommendation. Pref(P) function value is used to 
select resources for tasks. Testing parameter is to find 
minimum completion time with greater TW resource 
value.   

 
Fig 2: Processing Time of tasks when tasks are lesser than 

resources and generation is 50 with crossover probability 0.5 

 
Fig 3: Cost of resources when tasks are lesser than resources 

and generation is 50 with crossover probability 0.5 
 

 
Fig 4: Processing Time of tasks when it is equal to resources and 

no of generation is 50 with crossover probability 0.5 
 

 
Fig 5: Processing time when resources and tasks are equal and 

no of generation is 50 with crossover probability 0.5 
 
CONCLUSION AND FUTURE WORK 
 
We Proposed approach based on Trustworthiness and 
Recommendation. In this paper, we considered 
multiobjective approach for Pref(P) function. In this 
paper, we are able to see the comparison between 
different approaches which consider different factors 
like processor speed (MIPS), transmission delay, spare 
capacity etc.  
 

For future work, dynamic changes in the attributes of 
resources can be taken. Further, real environment can 
be taken for testing to get better performance. We 
considered only independent tasks; workflows can be 
taken as a future research.  
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