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Abstract— A lot of improvement has been done in the field 

of cloud computing from last few decades. Most of the time, 

the research has been done on virtualization, SaaS, 

distributed and grid computing. Since Cloud Computing 

deals with virtualized resources, hence scheduling plays an 

important role in cloud computing. In cloud, for each task, 

user may use hundreds of thousands of resources. Hence 

manual scheduling is not an optimal solution. Many 

algorithms have been developed from last few decades to 

meet the increasing demand of users. This paper describes 

the most recent algorithms designed for scheduling in a 

cloud environment. 
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I. INTRODUCTION 

Everyone has an opinion on what is cloud computing. 

According to National Institute of standards and technology 

(NIST)[3] “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”. In cloud computing [2], the 

word cloud (also phrased as "the cloud") is used as a 

metaphor for "the Internet," so the phrase cloud computing 

means "a type of Internet-based computing", where different 

services  such as servers, storage and applications are 

delivered to an organization's computers and devices 

through the Internet. 

The cloud model is composed of five essential 

characteristics [1] i.e. broad network access, on demand self 

service, resource pooling, measured service and rapid 

elasticity [1]. It consists of three service models and four 

deployment models. Service models are Software as a 

Service (SaaS), Platform as a Service (PaaS), and 

Infrastructure as a Service (IaaS) and Deployment models 

are Public cloud (accessible by any user), Private cloud 

(accessible only to single organization or company), Public 

cloud (subset of group of users that have common needs and 

concern) and Hybrid cloud (combination of previous three). 

II. NEED FOR CLOUD SCHEDULING 

In cloud computing, users may utilize hundreds of thousands 

of virtualized resources and it is impossible for everyone to 

allocate each task manually [4]. Due to commercialization 

and virtualization, cloud computing left task scheduling 

complexity to virtual machine layer by utilizing resources 

virtually. Hence to assign the resources to each task 

efficiently, scheduling plays an important role in cloud 

computing. This paper summarizes the most recent cloud 

scheduling algorithms. 

III. EXISTING SCHEDULING ALGORITHMS 

The following scheduling algorithms have been established 

in the area of grids and clouds and these algorithms have 

been summarized in table 1.1 with scheduling parameters. 

Wei Neng Chen and Jun Zhang [5] proposed S-CLPSO i.e. 

discrete version of comprehensive learning PSO. The 

algorithm is based on the S-PSO method. S-CLPSO is 

integrated with seven heuristics to deal with different Qos 

constraints like the budget constraint, the deadline constraint 

and the reliability constraint. The seven heuristics used in 

the approach is reliability greedy (RG), time greedy (TG), 

cost greedy (CG), suggested deadline (SD), suggested 

budget (SB), time/cost (TC) and the overall performance. 

The algorithm defines penalty based objective function and 

uses an adaptive strategy for selecting proper heuristics. S-

CLPSO provides flexible way for user to define various QoS 

constraints. The algorithm is beneficial for the tight QoS 

Constraints.                        

Fan Zhang et al. [6] proposed a multi-objective 

scheduling (MOS) algorithm. The benefit of the algorithm is 

the reduced scheduling overhead time and it reached to the 

optimal performance. The difficult part of the algorithm is to 

satisfy multiple objectives that have conflicting nature like 

reducing the resource cost, minimizing the makespan, 

preserving fault tolerance and the QoS constraints together 

at the same time. The algorithm extends the ordinal 

optimization method from a single objective to multiple 

objectives using Vectorized Ordinal Optimization (VOO 

approach). Virtual nodes differ from 16 to 128 nodes. 

Increase in number of nodes results in reduction of 

scheduling overhead time. Reduction in scheduling 

overhead time can be achieved by optimal resource 

allocation. LIGO (Laser Interferometer Gravitational Wave 

Observatory) data analysis has been used, that proved the 

effectiveness of MOS algorithm.    

For multimedia cloud, Xiaoming Nan, Yifeng He 

and Ling Guan [7] proposed queuing model based resource 

optimization method. The method has two major issues i.e. 

the quality of service and the resource cost. These two issues 

are solved by the queuing theory and optimization methods. 

The queuing model consists of three concatenated queuing 

systems, namely the schedule queue, the computation queue 

and the transmission queue. The resource optimization is 

studied in three different scenarios i.e. the single scenario 

(only one multimedia service provided by MSP), the multi-

service scenario (multiple services provided in the cloud) 

and the priority service scenario (all the resources have same 

priority to utilize resources). The method solves the 

response time minimization problem and the resource cost 

minimization problem by optimally allocating cloud 

resources for each scenario. 

Tri Queue Scheduling (TQS) algorithm was 

developed by A V. Karthick, Dr. E. Ramaraj and R. 

Kannan[8]. TQS is based on Dynamic Quantum Time. The 
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most challenging task in cloud computing is resource 

sharing. Jobs are grouped into three different queues i.e.  

Small, medium and long based on time needed to allocate 

resources and the processor needed. Jobs are sorted in a 

descending order. In a long queue first 40% jobs are stored, 

in a medium queue next 40 % jobs and in a small queue 

remaining 20% jobs are stored. The jobs are than handled by 

resource manager. TQS reduces the fragmentation problem 

and starvation within the process. Round robin fashion is 

used to give equal importance to all jobs based on dynamic 

quantum time  

Yang Xiaoguang et al. [9] worked on Improved 

Hybrid PSO algorithm. The algorithm provides better search 

capability. The Method consists of master-slave mode 

structure. Improved Hybrid PSO uses Particle Swarm 

Optimization (PSO) as main level algorithm and the 

improved ant colony algorithm, max-min ant colony 

algorithm as the secondary level algorithm. The main level 

algorithm is used to generate the initial pheromone 

distribution and utilize the secondary algorithm to obtain the 

best solution. The algorithm considers only the time factor 

of the cloud and ignores all other factors like cost, load 

balance etc. 

Task scheduling in heterogeneous computing 

system using microGA was described by Johnatan E. Pecero 

and Pascal Bouvry [10]. The paper solves the difficulty of 

scheduling priority based applications on a distributed 

computing system. The MicroGA based scheduling 

algorithm has been designed to minimize the total execution 

time or response time. The algorithm consists of benchmark 

of synthetic instances. Benchmark is composed of minute 

size synthetic deterministic and non-preemptive program 

Graphs. Branch and bound algorithm is used to calculate the 

global optimal value and the optimal solution. Optimal 

values are considered as approximation factor. 

Budget Constrained Priority Based Genetic 

Algorithm (BCHGA) was suggested by Amandeep Verma 

and Sakshi Kaushal [11]. The aim of the algorithm is to 

schedule workflow applications that optimize the total cost 

of workflow within the user’s defined budget. Each task has 

been assigned priority i.e. bottom level (b-level) or top level 

(t-level). These priorities create initial population which has 

diversity. The algorithm is simulated in java and measured 

with synthetic workflows. BCHGA also considers pricing 

model of Amazon (CSP). 

Husnu S. Narman et al. [12] proposed DDSS 

(Dynamic Dedicated servers scheduling for multi-priority 

level classes in cloud computing). Different priorities are 

assigned to different customer classes. These classes are 

assigned to different servers and to avoid service 

degradation, servers simultaneously serve limited number of 

customers. The algorithm increases the throughput rate and 

reduces drop rate without disturbing the performance of 

high level priority classes. DDSS helps CSP to build 

efficient cloud computing architecture. DDSS satisfies the 

performance expectations of customers. 

M. Geethanjali et al. [13] proposed Multi-objective 

Real Time scheduling algorithm (MORSA). The algorithm 

was designed for Multi Cloud Environments. The objective 

behind the algorithm is to achieve minimum cost for the job 

execution. CSPs provide false information in order to 

achieve maximum profit. To get truthful information from 

CSPs, game theory is used. The algorithm also minimizes 

the deadline constraints of the user’s task. Winner selection 

is done on the basis of minimum time and the cost 

associated with the service provider that satisfies the 

deadline constraint. MORSA performs fast scheduling than 

SPEA2 and NSGA-II. 

Chun-Yan LIU, Cheng-Ming ZOU and Pei WU 

[14] proposed task scheduling algorithm based on genetic 

algorithm and ant colony optimization to achieve optimal 

solution. The algorithm solves the slow convergence 

problem caused by the lack of initial pheromone of ACO. 

The algorithm is based on the integration of genetic 

algorithm and ACO (Ant colony Optimization). Strong 

search capability of GA has been used to provide better 

solution. The solution is then converted into initial 

pheromone of ACO. Positive feedback of ACO gives 

optimal solution. The integration of two improves searching 

efficiency of algorithm. 

Multi Queue Job Scheduling algorithm was 

proposed by A V Karthick, Dr. E. Ramraj and R. Ganapthy 

Subramanian [15]. The algorithm has been designed to 

overcome the fragmentation problem and to reduce the 

starvation with in the process. MQS is based on burst time 

and gives equal importance to all jobs. Jobs are selected 

dynamically and utilize free unused space in an economic 

way. Jobs are sorted in ascending order. Three queues are 

formed i.e.small (short burst time and stores 40% jobs), 

medium (Medium burst time and stores another 40% jobs) 

and long (long burst time and stores next 20% jobs). The 

scheduler takes jobs from each queue. 

Cost efficient Coordinated Scheduling was 

proposed by Jian Li et al. [16] for hybrid workloads. The 

algorithm was designed for leased cloud resources. The aim 

is to minimize rental costs while meeting user’s 

computational needs. The algorithm deals with the mixture 

of two types of workloads i.e. interactive service requests 

and batch jobs. The algorithm solves the problem of unused 

resources. Firstly, the algorithm considers a priority function 

to measure the urgency of requests and to meet the stringent 

service response time. If the system has unused resources 

then it collects residual resources needed for batch jobs in 

the same time. Prediction of iterative workload demand has 

been done to devise dynamic resource planning. And lastly, 

when the residual capacities are not sufficient for batch jobs, 

the algorithm considers cost cutting spot instances. 

The above discussed algorithms are tabulated below with 

their advantages and drawbacks. 

Algorithm 

Name 
Description Parameters Advantages Drawbacks 

S-CLPSO 

(Comprehensive 

learning PSO) [5] 

S-CLPSO integrates the S-PSO 

with seven heuristics and 

provides flexible way for user 

to define various QoS 

parameter constraints. 

Makespan, 

cost 

The cloud scheduling 

problem is optimized. 

It takes tight QoS 

constraints. 
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Multi-Objective 

scheduling 

algorithm (MOS) 

[6] 

MOS extends the ordinal 

optimization method from a 

single objective to multiple 

objectives using vectorized 

ordinal approach. 

Overhead 

Time, total 

cost 

It reduces scheduling 

overhead time and 

closed to optimal 

performance. 

It consists of a 

limited number of 

nodes i.e. 16 to 

128 nodes 

Queuing model 

based resource 

optimization [7] 

The algorithm is based on 

queuing theory & optimization 

methods. 

Resource cost, 

Resource time 

It provides satisfactory 

services at minimum 

resource cost &   

minimal time. 

Algorithm is 

complex 

Tri-Queue job 

scheduling [8] 

The algorithm gives equal 

importance to all jobs using 

Dynamic Quantum time based 

round robin fashion. 

Dynamic 

quantum time 

It minimizes starvation 

& avoids fragmentation 

problem. 

Algorithm is 

complex 

Improved Hybrid 

PSO [9] 

The method consists of master 

slave mode structure & use 

PSO as main level algorithm & 

ACO as secondary level 

algorithm. 

Completion 

time 

It provides better search 

capability. 

It ignores some 

factors like cost 

,load etc. 

MicroGA based 

scheduling 

algorithm[10] 

 

Micro GA based scheduling 

algorithm deals with the 

problem of scheduling 

precedence constrained 

applications on a 

heterogeneous computing 

system. 

Response time, 

total execution 

time 

It minimizes the 

response time & the total 

execution time. 

It deals with small 

size population 

Budget constrained 

priority based G.A 

(BCHGA) [11] 

BCHGA is evaluated with 

synthetic workflows based on 

realistic workflow.  Each task 

has been assigned different 

levels of priority. 

Cost 

It minimizes the cost of 

workflow within a 

specified budget. 

QoS parameters 

like makespan, 

load balancing are 

neglected 

DDSS: Dynamic  

Dedicated 

Scheduling for 

Multi Priority 

Level Classes [12] 

DDSS considers different 

types of priority classes and 

also measures throughput and 

drop rate. 

 

Throughput,  

drop rate 

It improves the class 

throughput, reduces drop 

rate & satisfies the 

performance expectation 

of customer. 

It doesn’t consider 

other QoS 

parameters like 

cost, response time 

etc. 

Multi-objective 

Real Time Tasks 

Scheduling 

(MORSA) [13] 

MORSA consists of game 

theory mechanism to identify 

the information provided by 

CSP is truthful. 

Cost 

It meets the application 

deadline and has 

minimum cost. 

It doesn’t deal with 

throughput and 

drop rate 

Task scheduling 

algorithm based on 

G.A and ACO [14] 

It is the Integration of GA and 

ACO. It solves the slow 

convergence problem. 

Task execution 

time 

It improves the 

searching efficiency of 

algorithm. 

It doesn’t deal with 

other parameters 

like cost, load etc 

Multi- queue job 

scheduling 

algorithm [15] 

In MQS algorithm, jobs are 

selected dynamically & 

grouping of jobs is based on 

burst time. 

Burst time 

It removes 

fragmentation problem, 

reduces starvation and 

utilizes free unused 

space. 

It does not fulfill 

on demand 

allocation & 

reservation of jobs 

Coordinated 

Scheduling 

algorithm [16] 

The algorithm solves the 

problem of unused resources 

and uses the hybrid workload. 

Cost It minimizes rental cost. 

It doesn’t deal with 

dynamically 

Diverse CSPs 

Table 1: Comparisons of Different Algorithms 

IV. CONCLUSION 

Scheduling is one of the key issues in the management of 

application execution in cloud environment. This paper 

covers the various cloud scheduling algorithms, their 

advantages and drawbacks. In future, efficient work can be 

done on multi queue scheduling algorithm. Genetic 

algorithm can be introduced to better schedule the jobs in 

order to minimize the makespan. Makespan can be further 

optimized by using genetic algorithm during job assignment 

or during grouping of jobs in a queue. 
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