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Abstract: 
 Cloud computing provides reliable, customized and dynamic computing environments 

for theusers,  so  that  a lot of  people  tend  to  accommodate  the  cloud  environment.  

Cloud computing is becoming an increasingly popular initiative model in which computing 

resources are made available on-demand to the user as demanded.  

 Job  scheduling  is  an  essential  requirement  in  cloud  computing  environment  with  

the  given  constraints. The scheduling algorithms should order the jobs in a way where 

balance between improving the performance and quality of service and at the same time 

maintaining the efficiency and fairness among the jobs. This paper aims at studying 

variousscheduling algorithms recently proposed in cloud computing. 
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I.  INTRODUCTION 
 Cloud computing is the use of online resources delivered asa service over Internet. The 

name comes from the use of a  cloud-shaped  symbol  as  an abstraction  forthe  complex  

infrastructure  it contains  in system  diagrams.  Cloud computing entrusts remote services 

with a user's data, software and computation. 

 

Definitions:  
 “Cloud computing is a model for enabling convenient, on-demand network access to a 

shared pool of configurable computing resources (e.g., networks, servers, storage, 

applications, and services) that can be rapidly provisioned and released with minimal 

management effort or service provider interaction. This cloud model promotes availability 
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and is composed of five essential characteristics, three service models, and four 

deployment models.”[1] 

-NIST 

 
• Cloud Computing is a technology that uses the internet and remote servers to provide 

and maintain data and resources.  

• Cloud computing allows users to use applications without installation and access their 

personal files at any computer with Internet access from anywhere at any time.  

 

Characteristics of Cloud Computing: 
 A cloud computing technology is quite often used these days as it is an emerging term of 

computing utilities. Cloud options are  enticing  various  industries  across  the  board  to  

know  its  importance  characteristics  and  software  offerings.  The main characteristics 

that cloud computing offers today are: 

 i)  On-demand self-service:  Provision computing capabilities, computer service such 

as network, email, application. It also provision server service without requiring human 

interaction with each service provider.   

 ii)  Broad network access:  Cloud capabilities are available over the network. It can 

access business management solution using their tablets, smart phone, laptops, and office 

computers. Network access includes private cloud that operates within a company’s 

firewall, public clouds or a hybrid cloud. 

 iii) Resource pooling: The provider’s computing resource are pooled to serve multiple 

consumers using a multi-tenant model, with different physical and virtual resources 

dynamically assigned and reassigned according to the consumer demand. The cloud enables 

to enter and use data within the business management software hosted in the cloud at a 

same time, at any time and from any location.  

 iv)Rapid elasticity:  The cloud is flexible and scalable to submit needs. The capacity 

and can be shrink very quickly. The self-service and resource pooling make rapid elasticity 

possible. The service provider can automatically allocate more or less resources from the 

available pool. 

 v)  Measured  service:  cloud  computing  resource  usage  can  be  measured,  

controlled,  and  reported  providing  transparency. Cloud systems automatically control 

and optimize resource use. 

 

III.   CLOUD SERVICE MODEL: 
 Cloud computing is a term that describes a broad range of services. Since the cloud is a 

collection of services, organizations choose where, when, and how they use cloud 

computing.  

In this paper we explain the three different types of service models: 

1.  Software as a Service (SaaS) 

2.  Platform as a Service (PaaS) 

3.  Infrastructure as a service (IaaS) 
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1. Software as a Service (SaaS) model: 
 SaaS is software that is developed over internet. It is a delivery model where the 

software and the associated data are hosted in a cloud environment by a third party such as 

Cloud Service Provider (CSP). It provides an application to customers either as a service on 

demand.  It is mainly accessed through web portal and service oriented architecture based 

on some of the web service technologies. 

 

2. Platform as a Service (PaaS) model: 
 This model is a computing platform that allows creation of web applications easily 

without the complexity of maintaining the software?  Is  a  delivery  model  where  a  CSP  

provides  an  online  software  development  platform  for  an  organization.  It comprises 

the environment for developing and provisioning cloud applications.  Cloud platform tend 

to represent a compromise between complexity and flexibility that allows applications to be 

implemented quickly and loaded in the cloud without much configuration. 

 

3. Infrastructure as a Service (IaaS) model:  
 This model is used to access essential IT resources. These essential IT resources include  

services  that  are  linked  to  resources  of  computing,  data  storage  and  the  

communications  channel.  It is a delivery model where CSP provide the necessary 

hardware and software upon which a customer can build a customized computing 

environment.  This  service  model,  manages  an  applications,  data  operating  system,  

middleware  and  runtime.  The service provider manages the virtualization, servers, 

networking and storage. 

 

IV. CLOUD DEPLOYMENT MODEL: 
 Depending on the organizational structure, operational, and technical requirements the 

cloud services can be deployed in different ways. Mainly there are four primary cloud 

deployment models they are: 

1.  Public Cloud 

2.  Private Cloud 

3.  Community Cloud 

4.  Hybrid Cloud 

 

1. Public Cloud 
 In this model cloud infrastructure is available to the general public and is owned by a 

third party cloud service provider. This model is best suited for business requirements, 

utilize interim infrastructure for developing and testing applications. It reduces capital 

expenditure and brings down operational IT costs. 

 

2. Private Cloud 
 A private cloud deployment model is owned by a single organization. In this model 

cloud infrastructure operated solely for a single organization, managed internally or by a 

third-party, and is hosted either internally or externally. Private cloud  makes  use  of  

virtualization  solutions  and  focus  on  consolidating  distributed  IT  services  often  

within  data  centers belonging to the company.  
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3. Community Cloud 
 In this model organizations with similar requirements share a cloud infrastructure.  In 

this model cloud infrastructure is procured jointly by several agencies or programs that 

share specific needs such as security, compliance, or jurisdiction.  It is a  generalization  of  

a  private  cloud,  as  private  cloud  is  being  accessible  by  one  certain  organization.   

 

4. Hybrid Cloud 
 Hybrid cloud is a composition of two or more clouds remaining distinct entities but are 

bound together, offering the benefits of multiple deployment models. Hybrid cloud can also 

mean the ability to connect collocation, manage dedicated services with cloud resources.  

Hybrid deployment models are complex and require careful planning to execute and 

manage especially when communication between two different cloud deployments is 

necessary. 

 

II.    SCHEDULING 
 There  have  been  different  types  of scheduling  algorithm  applied  in  the  cloud. The 

main aim of job scheduling algorithm is to improve the performance and quality of 

servicemaintaining time reducing execution cost. Actually traditional job scheduling 

algorithms are not able to provide scheduling in the cloud environments directly. Based on 

a simple classification, job scheduling algorithms in cloud computing can be categorized 

into two main classes; Batch mode heuristic scheduling algorithms (BMHA) and online 

mode heuristic algorithms. In BMHA, Jobs are taken into a collection when they arrive in 

the system.  The  scheduling  algorithm  starts  its  work  after  a  fixed  amount  of  time.  

Examples  of  BMHA  based algorithms  is  Round  Robin  algorithm  (RR).In  On-line  

mode  heuristic  scheduling  algorithm,  Jobs  are  scheduled individually as soon as they 

arrive in the system. The on-line mode heuristic scheduling algorithms are more suitable for 

a cloud environment Because of the cloud environment’s heterogeneity and varying 

processor speed, Example of On-line mode heuristic scheduling algorithm is Most fit task 

scheduling algorithm.[6] 

 
 Job scheduling:Job scheduling is one of the major activities performed inall the 

computing environments.  Cloud computing is onethe latest technology which isdeveloping 

drastically. To efficiently increase the working ofcloud computing environments, job 

scheduling is one the tasks performed in order to gain maximum profit. 

 

III. Goal of Scheduling Algorithms:  
 The  goal  of scheduling  algorithms  in distributed  systems  isspreading  the  load  on 

processors  and  maximizing  their utilization  while  minimizing  the  total  task execution  

time  Job scheduling,  one  of the  most  famous  optimization  problems, plays  a  key  role  

to improve  flexible  and  reliable  systems.  The main purpose is  toschedule jobs  tothe 

adaptable resources  inaccordance  with  adaptable  time,  which  involves  finding  out  a 

proper  sequence  in which  jobs  can  be executed  under transaction logic constraints. 

There are main two categories ofscheduling algorithm.  

 1) Static scheduling and  
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 2) Dynamic scheduling.  

 Both scheduling have their respective advantages and disadvantages. Dynamic 

scheduling algorithm have higher performance than static scheduling algorithm but has a 

lot ofoverhead compare to it. 

 

IV. Various Task Scheduling Technique in Cloud Computing: 
 There are different task scheduling algorithms is used in the context of different factors 

in cloud computing.  In this section, variety of task scheduling technique is reviewed 

briefly. These all task scheduling techniques are for different intentions.  

 

A. Opportunistic Load Balancing (OLB) 
 OLB schedule each task, in random order,  to  the  next expected  to  be  available  

machine,  regardless  of  the  task's expected execution time on that machine [8].The 

intention behind OLB is to keep all machines as busy as possible. One advantage of OLB is 

its simplicity, but because OLB does not consider expected task execution times, so the 

mappings it finds can result.  Even  though  OLB  keeps  all  resources  as busy  as possible,  

the main problem of OLB is poor makespan due  to  the  expected  task  execution  time  of  

task  does  not consider by OLB. 

 

B. Minimum Execution Time (MET) 
 In contrast to OLB, Minimum Execution Time (MET) assigns each task, in random 

order, to the machine with the minimum expected execution time for that task, regardless of 

that machine's availability[9].The aim behind MET is to give each task to its best machine. 

This can cause a severe load imbalance across machines. MET gives each task to its best 

machine; drawback of this algorithm is severe load imbalance across machines. 

 

C. Minimum Completion Time (MCT) 
 Minimum Completion Time (MCT) assigns each task, in  random  order,  to  the  

machine  that  has  the  minimum expected  completion  time  for  that  task.  Due  to  this  

some tasks  to  be  assigned  to  machines  that  do  not  have  the minimum  execution  time  

for  them  [10].  The  intension  of MCT  is  to  combine  the  benefits  of  OLB  and  MET,  

while avoiding the circumstances in which OLB and MET perform poorly. In MCT, some 

tasks to be assigned to machines that do not have the minimum execution time for them. 

 

D. Min-min Task Scheduling Algorithm 
 The  Min-min  heuristic  begins  with  the  set  of  all unmapped  tasks  (Set  U).  Then, 

the set of minimum completion times, M, for each task tiϵU, is found.  More over  the  task  

with  the  overall  minimum  completion  time from  M  is  selected  and  assigned  to  the  

corresponding machine (Thus named Min-min). At Last, the newly mapped task is deleted 

from U, and the process repeats until all tasks are mapped (i.e., U is empty). 

 However, Min-min considers all unmapped tasks during each mapping decision and 

MCT only considers one task at a time. Min -min maps the tasks in the order that changes 

the machine availability status by the least amount that any assignment could. Let ti be the 

first task mapped by Min -min onto an empty system. The machine  that  finishes  ti the  

earliest,  say  mj,  is  also  the machine  that  executes  tithe  fastest.  For  every  task  that 
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Min-min  maps  after  ti,  the  Min -min  heuristic  changes  the availability status of mj by 

the least possible amount for every assignment.  Therefore, the percentage of tasks assigned 

to their first choice (on the basis of execution time) is likely to be higher for Min-min than 

for Max-min (defined next). The expectation  is  that  a  smaller  makespan  can  be  

obtained  if more tasks are assigned to the machines that complete them the earliest and 

also execute them the fastest. Hear the main problem is regarding as Min-min gives higher 

priority to small tasks, it increases Response time for large tasks.[11] 

 

E. Max-min Task Scheduling Algorithm 
 In reference to the heuristic which we have seen previously i.e.  .Min-min Algorithm, 

the Max-min heuristic is also very similar to it. The Max-min heuristic begins with the set 

of unmapped tasks. Let U be the set of all unmapped tasks.  Then, the set of minimum 

completion times, M, is found.  The  heuristic  then  selects  overall  maximum completion  

time  from  M  and  assigns  to  the  resembling machine. And so it is named as Max-min 

Algorithm.  Finally, the  new  mapped  task  is  removed  from  U,  and  the  process keeps 

on repeating until all tasks are mapped which implies till U is empty.[8] Intuitively, Max-

min tries to minimize the penalties  incurred  from  performing  tasks  with  longer 

execution  times.  For instance, let the meta-task being mapped has many tasks.  Assume  

that  one  task  has  short execution  time  and  one  has  a  very  long  execution  time.  

 Mapping the task with the longer execution time to its best machine first allows this task 

to be executed concurrently with the remaining tasks (with shorter execution times). For 

this case, this would be a better mapping technique than a Min-min mapping. Because in 

Min-min mapping all of the shortest jobs (tasks) would execute first, and then the longer 

running task would execute while several machines sit idle. Thus, in cases similar to this 

example, the Max-min heuristic improves makespan.  It may give a mapping with a more 

balanced load across machines. 

 

F. Load Balanced Min-min Algorithm 
 The   traditional Min-Min   algorithm   is   a simple algorithm that produces a schedule 

that minimizes the makespan than the other traditional algorithms in the literature. But it 

fails to produce a load balanced schedule. 

 Load  Balanced  Min-Min  (LBMM)  algorithm  is  proposed that  reduces  the  

makespan  and  increases  the  resource utilization.  The proposed method has two-phases.   

In   the first phase the traditional Min-Min algorithm is executed and in the second phase 

the tasks are rescheduled to use the unutilized resources effectively. 

 The Min-Min algorithm first finds the minimum execution time of all tasks. Then it 

chooses the task with the least   execution time   among   all   the   tasks.   The algorithm 

proceeds by assigning the task to the resource that produces the minimum completion time. 

The same procedure is repeated by Min-Min until all tasks are scheduled.  The limitation of 

Min -Min algorithm is that it chooses smaller tasks first which makes use of resource with 

high computational power.  As a   result,   the   schedule produced by Min-Min is not 

optimal when number of smaller tasks exceeds the large ones. To overcome this difficulty, 

Max-min algorithm schedules larger tasks first.  
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V. Real Time Scheduling 
 The primary objectives of real time scheduling are to increase throughput and minimize 

average response time instead of meeting deadlines.  

 The real-time tasks are scheduled non-preemptively with the objective to maximize the 

total utility.Quality of service (QoS) guarantees for some applications such as signal data 

processing is very important.  A novel self-adaptive QoS-aware scheduling algorithm called 

SAQA considers the adaptability for real-time tasks with QoS demands on heterogeneous 

clusters. 

 

VI. Types of Real Time Scheduling:  
 There has been various types of scheduling algorithm exist in distributed computing 

system.  Most of them can beapplied inthe cloud environment with suitable verifications. 

The main advantage of job scheduling algorithm is toachieve a high performance 

computing andthe best system throughput. Actuallytraditional  job  scheduling  algorithms  

are  not able  to provide  scheduling  in the  cloud  environments.  

 According  to a  simple  classification,  job  scheduling algorithms  in cloud  computing  

can  be categorized  into  twomain groups; Batch mode heuristic scheduling algorithms 

(BMHA)  and  online  mode  heuristic  algorithms.  In BMHA,  

 Jobs are queued andcollected into a set when they arrive inthe system. The scheduling 

algorithm will start after afixed period oftime. 

 

A.  First Come First Serve Algorithm  
 Jobs are served in queue as they come. This algorithm is simple and fast. 

 

B.  Round Robin algorithm 
 In  the  round  robin  scheduling,  processes  are  given  a  limited  amount  of  CPU  

time  called  a  time-slice  or  a quantum in FIFO manner. If a process does not complete 

execution before its CPU-time expires, the CPU is preempted and given to the next process 

waiting in a queue. And the preempted process is placed at the end of the ready queue. 

 

C.  Randomize Algorithm 
 In random algorithm, the selected jobs are randomly selected for execution and assigned 

to Virtual Machine. The algorithm does not take into considerations the status of the VM, 

which will either be under heavy or low load.  

 

D.  Max – Min algorithm 
 This algorithm chooses larger tasks to be executed firstly, which make small task delays 

for long time. 

 

E.  Priority scheduling algorithm 
 Each  process  is  assigned  a  priority,  and  then  based  on  priority  processes  are  

allowed  to  be  executed.  EqualPriority processes are scheduled in FCFS manner. 
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F.  Most fit task scheduling algorithm 
 Job which fit best in queue based on some parameters is executed first. 

 

VII. Various Real Time Scheduling in Cloud Computing: 

 There are different task scheduling algorithms is used in the context of different factors 

in cloud computing.  In this section, variety of task scheduling technique is viewed briefly. 

These all task scheduling techniques are for different intentions.  

 

A.  First Come First Serve Algorithm  
 Jobs are served in queue as they come. This algorithm is simple and fast. 

 

B. Minimum Execution Time (MET) 
 In contrast to OLB, Minimum Execution Time (MET) assigns each task, in random 

order, to the machine with the minimum expected execution time for that task, regardless of 

that machine's availability. The aim behind MET is to give each task to its best machine. 

This can cause a severe load imbalance across machines. MET gives each task to its best 

machine; drawback of this algorithm is severe load imbalance across machines. 

 

C. Minimum Completion Time (MCT) 
 Minimum Completion Time (MCT) assigns each task, in  random  order,  to  the  

machine  that  has  the  minimum expected  completion  time  for  that  task.  Due  to  this  

some tasks  to  be  assigned  to  machines  that  do  not  have  the minimum  execution  time  

for  them.  The  intension  of MCT  is  to  combine  the  benefits  of  OLB  and  MET,  

while avoiding the circumstances in which OLB and MET perform poorly. In MCT, some 

tasks to be assigned to machines that do not have the minimum execution time for them. 

 

D. Min-min Task Scheduling Algorithm 
 The Min-min heuristic begins with the set of allunmapped tasks.  Then, the set of 

minimum completion times, M, for each task tiϵU, is found.  More over  the  task  with  the  

overall  minimum  completion  time from  M  is  selected  and  assigned  to  the  

corresponding machine. At Last, the newly mapped task is deleted from U, and the process 

repeats until all tasks are mapped. 

 However, Min-min considers all unmapped tasks during each mapping decision and 

MCT only considers one task at a time. Min -min maps the tasks in the order that changes 

the machine availability status by the least amount that any assignment could. Let ti be the 

first task mapped by Min -min onto an empty system. The machine  that  finishes  ti the  

earliest,  say  mj,  is  also  the machine  that  executes  tithe  fastest.  For  every  task  that 

Min-min  maps  after  ti,  the  Min -min  heuristic  changes  the availability status of mj by 

the least possible amount for every assignment.  Therefore, the percentage of tasks assigned 

to their first choice is likely to be higher for Min-min than for Max-min. 

 

E. Max-min Task Scheduling Algorithm 
 In reference to the heuristic which we have seen previously i.e.Min-min Algorithm, the 

Max-min heuristic is also very similar to it. The Max-min heuristic begins with the set of 
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unmapped tasks. Let U be the set of all unmapped tasks.  Then, the set of minimum 

completion times, M, is found.  The  heuristic  then  selects  overall  maximum completion  

time  from  M  and  assigns  to  the  resembling machine. And so it is named as Max-min 

Algorithm.   

 Mapping the task with the longer execution time to its best machine first allows this task 

to be executed concurrently with the remaining tasks. For this case, this would be a better 

mapping technique than a Min-min mapping. Because in Min-min mapping all of the 

shortest jobs would execute first, and then the longer running task would execute while 

several machines sit idle.  

 

F.  Priority scheduling algorithm 
 Each  process  is  assigned  a  priority,  and  then  based  on  priority  processes  are  

allowed  to  be  executed.  Equal Priority processes are scheduled in FCFS manner. 

 

G.  Round Robin algorithm 
 In  the  round  robin  scheduling,  processes  are  given  a  limited  amount  of  CPU  

time  called  a  time-slice  or  a quantum in FIFO manner. If a process does not complete 

execution before its CPU-time expires, the CPU is preempted and given to the next process 

waiting in a queue. And the preempted process is placed at the end of the ready queue.  

 

Online Mode Heuristic Algorithms:  
 

 Most  fit  task  scheduling  algorithm:  In this  algorithm task  which  fit  best  in 

queue  are  executed  first.  This algorithm has high failure ratio. 

 

 Priority  scheduling  algorithm:  The  basic  idea  is straightforward:  each  process  is 

assigned  a  priority,  and priority  is allowed  to run.  Equal-Priority processes are 

scheduled in FCFS order.The shortest-Job-First (SJF) algorithm is a special case of general 

priority scheduling algorithm.  An SJF algorithm is simply a priority algorithm where the 

priority is the inverse of the (predicted) next CPU burst.  That  is, the  longer  the  CPU  

burst,  the  lower  the priority  and vice  versa.  Priority can be defined either internally or 

externally.  Internally defined priorities use some measurable quantities or qualities to 

compute priority of a process. 

 

V. CONCLUSION 
 Scheduling is a very importantissue in tasksexecution in cloud computing.  In this paper, 

we have surveyed the various existing real time scheduling algorithm. There are many 

aspects could be considered as topics of research to introduce more accurate and improved 

algorithms rather that those introduced here such as cost of the task execution, arriving rate 

of the tasks on each of the resource, cost of the communication etc. 
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