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Abstract

Grid Computing computes the large-scale and complex problems in science, engi-
neering and commerce by uniting the power of disseminated resources dynamically
based on their availability, potentiality, makespan, cost and users Quality of Ser-
vice (QoS) requirements. In Grid computing, complex and large problems are
divided into small problems and distributed over the resources. Thus, grid com-
puting increases the computational power through efficient resource utilization.
Grid Computing faces many challenges like resource management, security,
energy-efficiency, Load balancing etc. In Grid Computing, it is very difficult to
map the resources with tasks efficiently due to fluctuation in users requirements
and to achieve better performance within budget and time. The energy consump-
tion of this large scale distributed system is also of important concern. Reducing
energy consumption increases the execution time of a task on a processing ele-
ment; however, the overall energy consumption may decrease but it decreases the
performance as well. Thus simultaneous optimization of energy and performance
in Grid Computing is a big challenge. This challenge can be addressed by efficient
management and scheduling of tasks and resources to reduce energy consumption
without degrading the performance.
In this thesis, energy and performance aware layered Grid architecture has been
proposed for the implementation of Energy-efficient and High Performance(EEHP)
algorithm. This architecture contains three layers in which, the first layer, a Grid
Portal has been designed and presented for the submission of tasks, the second
layer, a Provisioning Manager takes care of performance and energy factors by
analyzing the submitted tasks and resources and the third layer, Scheduler maps
the tasks to resources according to the proposed EEHP algorithm. This algorithm
attempts to map more complex and dependent tasks to more energy and perfor-
mance efficient resources and thus minimizes the energy. Gridsim Toolkit has been
used to validate the experimental results. These experimental results demonstrate
that the proposed approach reduces energy more efficiently as compared to the

existing algorithms without degrading the performance.

il



Contents

Certificate . . . . . . . . . i
Acknowledgment . . . . ... i
Abstract . . . . . . L iii
Contents . . . . . . . . L iv
List of Figures. . . . . . . . . . . . vii
List of Tables . . . . . . . . . . . . ix
List of Abbreviations . . . . . . . . . ... X
1 Introduction 1
1.1 Grid Computing . . . . . . . . ... 1
1.2 Evolution of Grid Computing . . . . .. ... ... ... ... ... 2
1.3 Characteristics of Grid . . . . . . ... ... oo 3
1.4  Grid Applications . . . . . . ... 4
1.5 Challenges in Grid Computing . . . . . . . .. ... ... ... ... )
1.6 Energy Consumption: A Grid Concern . . . . . ... .. ... ... 5
1.7 Research Motivation . . . . . . .. ... ... .. ... .. ..., 6
1.8 Organization of Thesis . . . . . . .. ... ... ... ... .. ... 6
2 Literature Review 8
2.1 Grid Scheduling . . . . . ... 8
2.2 Research Questions . . . . . . ... ... ... .. 8
2.3 Energy and Performance-Efficient Heuristics . . . . . . . . ... .. 10
2.3.1 Grid Workflow Scheduling Algorithms . . . . . . ... . .. 10
2.3.2  Greedy Heuristic Scheduling Algorithms . . . . .. ... .. 11
2.3.3 Heuristics on Multicore Heterogeneous Grid Computing Sys-
tem . . . .. 12
2.4  Energy-Efficient Generic Algorithms . . . . . . .. .. .. ... ... 13
2.4.1 Utility based Scheduling Algorithm . . . . .. ... ... .. 13
2.4.2 HGreen Algorithm . . . .. ... ... .. ... ... 14
2.4.3  Online Scheduling Algorithms and Replication Policies . . . 15
2.4.4 Adaptive Algorithms . . . . . . . ... ... 16

v



2.4.5 Power Aware Scheduling Algorithms for Parallel Tasks

2.4.6 Heterogeneity Aware Metascheduling Algorithm . . . . . . .
2.5 Energy-Efficient Policies . . . . . . . ... .. ...

2.5.1 Smart Scheduling Policies in Grid Computing . . . . . . ..

2.5.2  Energy Aware Resource Infrastructure (EARI) . . . . . . ..
2.6 Review Analysis . . . . . . . . . ...

2.7 Conclusion . . . . . . . .,

Research Gaps and Problem Statement
3.1 Gap Analysis . . . . ...
3.2 Problem Formulation . . . . ... ... ... ... ..........

3.3 Objectives . . . . . . .

Proposed Energy-Efficient and High Performance Approach

4.1 Analysis of the Proposed System . . . . .. ... ... ... ....

4.2  Proposed Energy-aware Layered Grid Architecture. . . . . . . . ..
4.2.1 Grid Portal . . . . ...
4.2.2 Provisioning Manager . . . . . . ... ... ... ... ...
4.2.3 Scheduler . . ... ...

4.3 Conclusion . . . . . . . .,

Experimental Results
5.1 Tools for setting Grid Environment . . . . . . . .. ... ... ...
5.1.1 Gridsim Toolkit . . . . . . . . ... .. ... L.
5.1.1.1  Gridsim Architecture . . . . . . . . ... ... ...
5.1.2 NetBeans . . .. . .. . . . ... ...
5.1.3 Microsoft Access . . . . . ... Lo
5.2 Implementation of the Proposed System . . . . .. ... ... ...
5.2.1 Grid User Interface . . . . . . . ... ... ... ...
5.2.1.1 Task & its Specification Submission Service -
5.2.2 Implementation of EEHP Algorithm . . . ... .. ... ..
5.3 Simulation Result . . . . . .. ... o000
5.4 Comparative Analysis of EEHP algorithm with other algorithms . .
5.4.1 Comparison in terms of Energy . . . . . . . ... ... ...
5.4.2 Comparison in terms of Execution Time . . . . . .. .. ..
5.4.3 Comparison in terms of Cost . . . . . . . . ... .. .. ...

5.5 Conclusion . . . . . . . .,

16
17
17
17
19
20
20

22
22
22
23

24
24
25
26
30
31
35



6 Conclusions and Future Scope 57

6.1 Conclusions . . . . . . . . s 57

6.2 Thesis Contributions . . . . . . . . . . . . 57

6.3 Future Work . . . . . . . .. H&

References . . . . . . .. 59
A

Installation of Gridsim 5.2 toolkit 64
B

Installation of CCCC tool to get metrics information of tasks 65

List of Papers . . . . . . . . . . .. 67

vi



List of Figures

1.1
1.2
1.3

2.1
2.2
2.3
24

4.1
4.2
4.3
4.4
4.5

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17

Grid Computing Resources [3] . . . . . . ... ... ... ... 1
Evolution of Grid Computing . . . . . . .. ... ... .. ... .. 2
Characteristics of Grid . . . . . . .. ... ... oL 3
Breakdown of Algorithms . . . . . ... ... ... ... 9
Energy /Performance efficient Heuristics . . . . . . . ... ... ... 10
Energy-Efficient Generic Algorithms . . . . . . . . ... .. .. ... 14
Energy-Efficient Policies . . . . . . .. ... ... ... 18
Use Case Diagram of Proposed Approach . . . . . ... ... .. .. 25
Energy-Aware Layered Grid Architecture . . . . . . . . . .. .. .. 26
Size Metric Calculation . . . . . . . .. . ... ... ... .. .. .. 29
Structural Metric Calculation . . . . . . .. ... ... ... .... 29
Flow Chart of Proposed Algorithm . . . . ... ... ... ... .. 34
Modular Architecture for Gridsim [29] . . . . ... ... ... ... 37
Sequence diagram to show working of Gridsim . . . . . ... . .. 38
Grid Portal . . . . . ... 40
Load the Task . . . . . . . . . . .. ... ... ... 40
Line of Code Interface . . . . . . ... ... . ... ... ...... 41
Function Point Interface . . . . . . ... ... ... ... .. .... 41
Function Point Technical Complexity Factors Interface . . . . . . . 42
Coupling Interface . . . . . . . ... ... o 42
Information Flow Measure Interface . . . . . ... ... ... ... 43
Remove Task . . . . . . . . . . . ... 43
Resource Profile Interface . . . . . . . . .. ... ... ... ..., 44
Modify Resource Attributes Interface . . . . . ... ... ... ... 44
Remove Resource Interface . . . . . . .. ... ... ... .. .... 45
Simulation Output . . . . . .. ... ... ... . L 45
Create resources in Gridsim . . . . . . .. ... ... ... 46
Create Gridlets in Gridsim . . . . . .. .. ... ... ... ... .. 47
Extraction Size of Tasks from Database . . . ... ... ... ... 47

vil



5.18 Extraction Dependency of Tasks from Database . . . . . . ... .. 48

5.19 Extraction Variance of Energy for Tasks from Database . . . . .. 48
5.20 Extraction Variance of Time for Tasks from Database . . . . . .. 49
5.21 Task Prioritization in Gridsim . . . . . . . . . ... ... ... .. 49
5.22 Sending Gridlets to Resources . . . . . . . . .. ... ... ... 50
5.23 Energy and time calculation in Gridsim . . . . . . . ... ... ... 50
5.24 Simulation Result in Output Window of Gridsim . . . ... .. .. 51
5.25 Sorting of Resources on the basis of Energy . . . . .. .. .. ... 52
5.26 Comparison in terms of Energy . . . . . . . .. ... ... ... 54
5.27 Comparison in terms of Execution Time . . . . ... ... ... .. 55
5.28 Comparison in terms of Cost . . . . . . . .. .. ... ... ..... 55
AT e 64
Bl 65
B2 66
B3 66

viil



List of Tables

2.1
2.2

3.1

4.1
4.2
4.3

5.1
5.2
5.3
5.4
5.5
5.6

Keywords . . . . . . . . .. 9
Comparison between Existing Scheduling Algorithms . . . . . . .. 20
Gap Analysis of Selected algorithms . . . . . . . . ... .. ... .. 23
Task Information . . . . . . . .. ... .. ... ... ... 30
Resources List [50] [51] . . . . . . . . ... 31
Abbreviations used in Algorithm 1 . . . . .. ... ... ... ... 33
Simulation Results for EEHP Algorithm . . . .. ... .. ... .. 51
Resources List for Comparison [25] . . . . . .. ... ... ... .. 52
Simulation Results of EEHP Algorithm (With Table 5.2 resources) . 53
Simulation Results of HGreen Algorithm . . . . . ... .. ... .. 53
Simulation Results of Greedy-Min . . . . . . . .. . ... ... ... 53
Simulation Results of Combined MINmin Heuristic . . . .. .. .. 54

X



List of Abbreviations

Abbreviations | Descriptions

QoS Quality of Service

pPC Personal Computer

DVS Dynamic Voltage Scaling

kbp K percent best machines

EGRS Energy Constraint Grid Resource Scheduling Algorithms
SLA Service Level Agreement

LOC Line of Code

CcCcccC C and C++ Code Counter

SSD Solid State Disks

EEHP Energy-efficient and High Performance
PE Processing Element

MIPS Millions of Instruction Per Second
ODBC Open Database Connectivity




Chapter 1
Introduction

Grid Computing is an epitome that furnishes seamless access to widely distributed
resources for solving the big Computing applications. It is the main solution
to comprise geographically disseminated and heterogeneous resources on a large
scale [1]. This chapter introduces Grid Computing, its evolution, characteristics,
applications, challenges and status of energy consumption in Grid Computing. It
briefly presents the research motivation. At the end, it includes a discussion on

the organization of the rest of the thesis.

1.1 Grid Computing

Grid Computing refers to the dynamic conglomeration of distributed resources
on the basis of their capacity like capability, availability, performance, cost and
users QoS requirements for computing big problems of different fields like science,

engineering and commerce [2].

Figure 1.1: Grid Computing Resources [3]

It joins various computing resources together such as workstations, PCs, servers,

storage elements like disks, and provides the method required to access them as



shown in Figure 1.1. The infrastructure or the environment that makes this thing
possible is called the Grid.

1.2 Evolution of Grid Computing

Grid Computing came from previous ideas and efforts as described below as shown

in Figure 1.2:

(i) In 1992, Larry smarr proposed the term Metacomputing. It was used to
connect US supercomputing centers so that available computing and infor-

mation resources will increase [4].

(ii) 1In 1995, Information Wide area year (I-Way) directed to link the supercom-

puters to create one super meta-computer [4].

UNICORE
i ] 1997
OGSA
GLOBUS
1996

of Grid
Computing

f’ DPE‘N GRID

METACOMPUTING FORUM
1992 2006

Figure 1.2: Evolution of Grid Computing

(iii) In 1996, GLOBUS project was proposed to build a middleware i.e. global
nexus to provide help for discovery of resources, access of data, authorization

and authentication [4].

(iv) In 1997, Uniform Interface to Computing Resources (UNICORE) project

was started to provide seamless access to remote resources [4].



(v) In 2002, Open Grid Services Architecture (OGSA) model followed Web Ser-
vices Description Language (WSDL) to consolidate the Grid resources across

heterogeneous, disseminated and dynamic environment [4].

(vi) In 2004, Web Services Resource Framework (WS-RF) was conceived to con-

nect the web services and Grid services [4].

(vii) In 2006, OPEN GRID FORUM aimed to develop the standards for Grids [4].

1.3 Characteristics of Grid

Main characteristics of Grid are described as follows and shown in Figure 1.3:

Cf SR Fervasive
Characteristics =~
; -h_____\_\_\_"---__n.\\\
of Grid - Utility
= N
L-r-'“}
Consistent
Dependable

Figure 1.3: Characteristics of Grid

(i) Pervasive: The Grid grants the access of remote computing resources to the
users from different platforms like PCs, laptops and mobile phones. It does
not mean that resources are available everywhere but that the Grid manages

resources to extract the maximum performance [5].

(ii) Utility: Users can get resources like computer power or storage capacity and

also pay for what that he gets [5].

(iii) Consistent: Grid furnishes stable and regular services even in the presence
of heterogeneous resources because Grid is built with standard interfaces,
protocols and services and thus conceals the heterogeneity of the resources.
Without such standards and criteria, development of application and perva-

sive use would not be possible [6].



(iv)

Dependable access: Grid must deliver quality requirements. Dependable
service is required because users require surety that they will get high levels

of performance [5].

1.4 Grid Applications

The Grid is not only a solution for providing computational resources to solve

large scale applications. Instead, it is an infrastructure that connects and unifies

widely distributed resources in order to offer computing support for solving the

applications or tasks. Various types of computing support provided by Grids are:

(i)

(iii)

Distributed supercomputing support allows the job to use the Grid to link
the various computational resources to complete the job in minimum time.
For example, Distributive Interactive Simulation (DIS) provides a base for
connecting simulations of different types from different locations to create
composite, real and virtual environment for the simulation of extremely in-

teractive activities. It is used in military for planning and training [7].

High-output computing support permits the job to use the Grid to utilize
the unused processor cycles for loosely coupled or independent tasks. For
example, The Condor system manages large number of workstations world-
wide. These resources have been used for the study of ground-penetrating

radar and for the design of diesel engines [7] [8].

On-demand computing support allows the user to use the Grid to extract the
resources that cannot be available locally at reasonable cost. For example,
Aerospace Corporation Systems uses dynamic supercomputer resources for
the processing of data from meteorological satellites to send the outcomes

to remote meteorologists of a cloud detection algorithm in real time [7] [9].

Data-focused computing support permits applications to utilize the Grid to
combine and form new information from distributed existing data reposito-
ries and databases. For example, The Digital Sky Survey allows the large
amount of astronomical graphical data to be available to large number of
network-accessible databases. This facility helps in astronomical research to

get the new ideas which are based on distributed analysis [7].

Cooperative computing support allows applications to utilize the Grid to
provide and raise interactions among people in either synchronous or asyn-

chronous way [11]. For example, University of Illinois at Chicago develops



the NICE system that allows the student to indulge in the creation of real-

istic virtual environment for studies and entertainment [10].

1.5 Challenges in Grid Computing

(i) Management: Many organizations and institutes are using Grid Computing.
It disseminates the resources on wide geographically distributed environ-
ments and accesses the diverse resources, devices and machines. So it is a
major challenge to manage and handle the administration of Grid Comput-
ing [12].

(ii) Load balancing: Scope of Grid Computing is too much wide. It is very much
essential to balance the load among the different nodes of the network oth-
erwise it degrades the performance. So an attempt is required to distribute

the load to the resources evenly to improve the performance.

(iii) Resource monitoring: Resource management is essential to manage a large
scale of Grid resources for dynamic access. Grid resources are inherently
disseminated over the wide-area network. To solve the big applications,
these resources require to be incorporated with corresponding Grid services.
A resource monitoring mechanism is required to find and keep track of Grid

disseminated resources [12] [13].

(iv) Energy consumption: Sustainability and cost reduction are the two main
benefits of saving energy. Distributed system infrastructures like Grid, Cloud
are the hungriest consumers of energy. Large amount of energy can be saved

if an adequate and efficient energy saving policy is applied.

(v) Quality of Service: Quality means fulfillment of users different requirements
and requirements of users always vary according to different environment.
Fluctuation in the resources availability and decentralized control in Grid

environment creates issue for achieving the quality.

1.6 Energy Consumption: A Grid Concern

Energy consumption is a major concern in distributed system because it not only
increases cost but also effects the environment. The infrastructure that is re-
quired for maintaining these distributed systems like Grid, Cloud has resulted to
exuberant power consumption. It is figured that servers use 0.5 percent of the

worlds total electric power usage [14] [15], which if current need continues, are



projected to four times by 2020. Increase in energy consumption by distributed
system and high performance computing system becomes an important issue for
financial, technical and environmental reasons [16].

In a computational Grid [7], there is a need to cut down the power consumption
and time, as energy is the amount of power used over a specific time interval.
Reducing the power consumption will increase the execution time of a task on a
processing element; however, the overall energy consumption will decrease because
less power is consumed but performance will also decrease. The primary goal of
these large-scale distributed systems is to provide the high performance. But now
cost spent in energy consumption is increasing so rapidly that there is a great
need to control it. Distributed system management is in dilemma and facing the
question whether to control the energy consumption at the cost of performance is
worth or not. So to come out from this energy-performance trade off, an energy

performance efficient algorithm is required.

1.7 Research Motivation

The infrastructure of distributed systems like Grid consumes large amount of en-
ergy. So, increase in energy consumption is a major issue for technical, financial
and environmental reasons.

Most of the existing techniques to reduce the energy consumption are hardware
based techniques like using Solid State Disks (SSD) which is more energy-efficient
storage media instead of Hard Disks and Tapes, using processors with high per-
formance/watt rate, by setting the laptops in power down state like in sleep mode
or in hibernate mode. These techniques attempt to save the energy consumption
but up to some extent and all of these techniques are hardware based only. There
is a need to build software techniques to save the energy consumption. Software
techniques require managing the tasks and resources in such a way so that min-
imal consumption of energy will take place. This research work is based on the
motivation to reduce power consumption by prioritizing and scheduling the tasks
to the resources in such a way that the energy consumption will reduce without

degrading the performance.

1.8 Organization of Thesis

The rest of the thesis is organized as follows:
Chapter 2 This chapter describes the research methodology and literature sur-
vey in detail to study the various existing energy and performance aware Grid

scheduling algorithms.



Chapter 3 This chapter describes the research gaps analysis in detail along

with the problem statement. It also describes the objectives of thesis.

Chapter 4 This chapter describes the proposed architecture and algorithm to
solve the stated problem with the help of UML diagrams.

Chapter 5 This chapter focuses on the implementation details and experimen-
tal results description of Gridsim, Netbeans and snapshots of the designed Grid

Portal, implemented algorithm and experimental results.

Chapter 6 This chapter concludes the thesis work and explains the contribution

to the research work done. It also describes the possible future research work.



Chapter 2
Literature Review

The resources in the Grid have different availability, diversity of usage and cost
plans and users have different priorities and goals that vary with time. Similarly,
Grid workflows have different size and complexities. There are different resource
and workflow scheduling approaches that aim to reduce the energy consumption
or to improve the performance. This chapter discusses the state of art and anal-
ysis of energy and performance efficient Grid workflow and resource scheduling

algorithms.

2.1 Grid Scheduling

Scheduling is a procedure to map and handle the execution of jobs over the dis-
tributed resources. It assigns the suitable resources to the jobs so that processing
and execution of jobs can be completed to satisfy all the requirements of the
users. Scheduling can have important affect on the performance of the system if
it is done properly. As energy consumption is an important concern in Grid com-
puting system. Proper scheduling can also have important impact on the energy
consumption of the system. Various Grid scheduling algorithms have been studied
to find how they can improve or modify to reduce the energy consumption in Grid

environment.

2.2 Research Questions

The Literature review presented in this chapter summarizes the present state of
the art in energy efficient and performance aware algorithms in Grid Computing

by proposing answers to the following questions:

1. What is Grid Computing?



2. How to reduce the energy consumption in Grid Computing and how energy

reduction degrades the performance?

3. How to overcome the main challenge of simultaneous optimization of energy

consumption and performance maintenance in Grid Computing?

4. What are the different workflows based and resource management based
scheduling approaches that are used to reduce the energy consumption and

to improve the performance?

5. What are the different parameters to measure and compare the different

algorithmic approaches in terms of energy and performance?

Table 2.1: Keywords

Keywords Synonyms

Grid Computing Computational Grid

Energy-efficient scheduling algorithms in Grid Computing | Energy aware scheduling algorithms in Grid

Resource scheduling algorithms in Grid Computing Resource management in Grid

The systematic review started with the research questions and then proceeded
by defining the searching keywords. The keywords are listed in Table 2.1. An
in-depth research was carried out using the keywords and questions to find the
factors that are useful in Grid workflow and Grid resource scheduling. Research
questions helped to filter the research papers related to energy and performance
efficient Grid scheduling algorithms. On the basis of research papers that have
been studied, these scheduling algorithms are categorized into three categories:
Energy & performance efficient heuristics, energy-efficient generic algorithms and

energy-efficient policies as shown in Figure 2.1.

Contribution

OEnergy & performane
efficient Heuristics

W Energy-effiicient
generic algorithms

OEnergy-efficient
Falicies

Figure 2.1: Breakdown of Algorithms



2.3 Energy and Performance-Efficient Heuristics

Energy-efficient heuristics are shown in Figure 2.2 and have been discussed in the

consecutive section:

2.3.1 Grid Workflow Scheduling Algorithms

Grid Workflow Scheduling Algorithms have been proposed to schedule the work-
flow applications in the heterogeneous environment of resources [17]. They are

divided into two types:
1. Best-effort based scheduling
2. QoS constraint based scheduling.

1. Best-effort based scheduling aimed to minimize the execution time of the
workflow applications. It includes several Heuristics and Metaheuristics ap-

proaches as shown in Figure 2.2.

Energy/Performance Efficient Heuristics

Grid Workflow Creedy Heurne - Heunstics for mqlticnre
Scheduling Scheduling ~ heterogeneous environment
/‘_‘\—-‘ |
Best-effort Jos Based |l Creedy- ‘l‘ ‘l‘ i
Based Ility Combined | Alternated K percent hest
Eeeri) Heuristics Heuristics Heuristics
—» Heuristics Budget_ ™ Mee Y|
Constrained e b MINMin | | MinMIN- | % Kbp-Minblin
Indrridual MINMin
e Tasl Deadline |y Greedy- | ™ MINSuff ;| Kbp-
Scheduling Constrained Dreadline : s Sufferage Sufferage
o DI MIN SIWIH Min
- ™ Max-Min :
List Khp-WazMin
Scheduling ™| MaxMIN ||| MINMIN | :
-Minhdi T
~eSBi ik Ly Ebp-Minhlin
Cluster & Duplication * SuffliIN WinMIN-
Based Scheduling Min-Min N Etiatniey > Khp-SuffMIN
- M Mim
StdDev =
Tl KBP-MINGu
o
Metaheuristic e
Ly ;
—» Genetic Algorithms MINMin
Simulated Annealing
Grasp

Figure 2.2: Energy/Performance efficient Heuristics

In heuristics based techniques:

10



(i) Individual task scheduling is appropriate for simple workflow applica-

tions in which tasks occur in sequence for execution.

(ii) List scheduling [2] is used when many tasks contend for confined number
of resources. It focuses only to find efficient execution order of tasks
and to determine efficient resource for these tasks to reduce the overall
execution time. But it does not consider the data transmission time

between the tasks that also contributes in overall execution time.

(iii) Cluster based & duplication based scheduling techniques minimize the
data transmission time between interdependent tasks by grouping them

or duplicating them to reduce the overall execution time of tasks [17].

In Metaheuristic [18] [19] based techniques:

(i) Genetic algorithms: It provides solution of high quality which is ob-

tained from large population by applying the process of evolution.

(ii) Simulated annealing: It generates a new solution by applying number

of iterations at different temperature.

(iii) Greedy randomized adaptive search procedures: It finds the global so-
lution that minimizes overall execution time by doing number of itera-

tions.

. QoS constraint based scheduling algorithm examines the users QoS require-
ments and then schedule the task on the suitable resources so that users
requirements can be accomplished. Under QoS constraint based algorithms,
Deadline constrained algorithm minimizes the execution cost under set dead-
line constraint and Budget constrained algorithm reduces the execution time

under set budget constraint [17].

Analysis Outcome

e Existing Grid Workflow scheduling algorithms count only two factors
execution time and cost. They do not deal with energy consumption.

2.3.2 Greedy Heuristic Scheduling Algorithms

Greedy heuristics are based on Dynamic voltage scaling approach (DVS) approach

to optimize the energy consumption and makespan [20]. In DVS [21] [22], after

allocating the task to a Processing Element (PE), a PE is fixed to the minimum

DVS level at which a task can execute under deadline. It includes seven greedy

heuristics which are as follows:

11



(i) Greedy-Min assigns those tasks to the resources first which are having short-

est completion times.

(ii) Greedy-Max assigns those tasks to the resources first which are having max-

imum completion times.

(iii) Greedy-Deadline assigns those tasks to the resources first which are having

urgent deadlines.

(iv) Max-Min assigns the tasks to least efficient PE first, so that scheduling of

succeeding tasks will become easier.

(v) MinMin StdDev firstly sorts the tasks in ascending order of their completion
time and then rearranges the tasks by calculating standard deviation of each
row of the tasks. The need behind that is to execute the task first which has
most consistent execution time, so that tasks with inconsistent execution

time can execute easily.

(vi) MinMax StdDev differs from MinMin StdDev that it rearranges the tasks in

descending order after standard deviation calculation.

(vii) ObFun calculates the sufferage value of tasks and then assigns tasks with
high sufferage value first. Sufferage value [23] in terms of completion time is
the difference between the minimum estimated completion time and second
best minimum estimated completion time and in terms of energy-efficiency is
the difference between most energy efficient and second most energy efficient

processing element.

Analysis Outcome

e Greedy-Min, Greedy-Deadline, Greedy-Max, MinMin StdDev and MinMax
StdDev perform well for small-sized problems and ObFun performs best for
large-sized problems in terms of mean energy consumption and mean makespan.

e Greedy Heuristics count energy consumption as well as makespan.

e Greedy Heuristics are based on DVS (Dynamic voltage scaling). DVS technique is
difficult to implement in global Grids.

2.3.3 Heuristics on Multicore Heterogeneous Grid Com-
puting System

Heuristics on Multicore Heterogeneous Grid Computing System have been pro-

posed by Sergio Nesmachnow et al. [24] that considers energy consumption, makespan
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and kbp (k percent best machines) [25]variations. They are categorized into three

categories as shown in Figure 2.2:

(i) Combined Heuristics: They are the combination of traditional and greedy
heuristics. All these heuristics are applied in two phases. Pair of task and
machine is selected, in first phase that satisfies traditional heuristics and
in second phase that satisfies greedy heuristics and vice versa. Like MIN-
Min first selects a pair of task and machine that minimizes the makespan
then from resulting pairs select that pair which minimizes energy consump-
tion [24].

(ii) Alternated Heuristic: They are devised using traditional and combined
heuristics. Pair of task and machine is selected using combination of tra-
ditional and combined heuristics alternatively. Like Sufferage-MINMin first
selects the task having high sufferage value and assign it to the machine that
can complete it in minimum time and then next task and machine pair is
selected using MINMin combined heuristic [24].

(iii) k percent best Heuristics: In kbp heuristics, k percent best machines are
found for each task that can complete the task in minimum execution time.
Like kbp-Sufferage applies Sufferage traditional heuristics only on k percent
best machines [24].

Analysis Outcome

e From the experimental results, MaxMin-MINMin performs well for both energy
and makespan optimization for large size problem. Sufferage and MaxMin also
perform well.

e They do not consider communication latency

e Scheduling of workflows is not considered separately but it selects tasks simply on
the basis of heuristics.

2.4 Energy-Efficient Generic Algorithms

Energy-Efficient algorithms are shown in Figure 2.3 and discussed in the consec-

utive section:

2.4.1 Utility based Scheduling Algorithm

Utility based Scheduling Algorithm is based on maximizing utility of all the tasks

while achieving desired consumption of energy. It includes:
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Figure 2.3: Energy-Efficient Generic Algorithms

(i) Energy Constraint Grid Resource scheduling algorithm (EGRS): It is based
on non-linear optimization theory. EGRS aims to maximize the utility with-
out surpassing the deadline and set energy budget. Due to complicated cal-
culation, maximizing utility under energy and deadline constraint problem
is decomposed into grid user and grid resource provider optimization prob-
lem. Grid user optimization problem finds an optimal solution to maximize
the users benefit under energy budget and deadline constraint whereas Grid
resource provider optimization problem finds an optimal solution of resource
allocation to maximize providers revenue. Then Pricing based iterative al-

gorithm is proposed for energy constrained grid scheduling [26].

(ii) In pricing based iterative algorithm, Grid user first calculates the optimal
payment under energy and deadline constraint to maximize user satisfaction
and sends it to resource providers after that resource providers compute
optimal resource allocation to maximize their own revenue and send the
updated price to grid users. Grid user receives price and again calculates
optimal payment. In this way this algorithm iterates to find optimal solution.

This algorithm optimizes both energy consumption and deadline [26].

Analysis Outcome

e Utility based scheduling algorithm maximizes the utility of grid users by counting
both the factors energy consumption and time.

e Computational complexity is high in that algorithm.

2.4.2 HGreen Algorithm

HGreen Algorithm schedules the task in which task with highest energy consump-
tion has high priority. Then task with high priority is assigned to the resource
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which is highly energy-efficient. SPECpower benchmark [28] is used to define the
energy efficiency of resources. The simulation performed on Gridsim [28]and re-
sults proved that HGreen reduce 50% power consumption lower than the randomly

task assignment [27].

Analysis Outcome

e HGreen algorithm can significantly cut down the consumption of power in global
Grids.

e HGreen does not consider the performance parameter.

2.4.3 Online Scheduling Algorithms and Replication Poli-
cies

Online Scheduling Algorithms and Replication Policies are proposed to balance the
load and to minimize the response time. Online scheduler schedules the request
to appropriate host according to the algorithm and replica manager handles the
creation of replica, migrate and eliminate the replica when necessary. Online
scheduler also categorizes the hosts for each request. DataSourceHost that owns
the input data, ComputeHost i.e. a computational resource and DataDestination

Host stores the result [30]. There are four online scheduling algorithms:

(i) Greedy: Greedy online scheduling algorithm attempts to schedules the re-

quest to the host which completes it in minimum time [31].

(ii) OwnerComputes: It selects a host that can act as both ComputeHost and

DataSourceHost as well as completes the request first.

(iii) LoadBound-Read: LoadBound-Read selects a host that completes the task
in minimum time and performs better than estimated performance. Perfor-
mance is estimated on the basis of frequency of replications and load average
of the host.

(iv) LoadBound-Write: It selects a host that has the smallest response time.
There are two replication policies:

(i) LoadBound-replication: In this policy, replica manager creates the replica

of that data which is accessed more [30].

(ii) Aggressive-replication: In this policy, replica of each job data is generated

and then sent to that host which maximizes the performance [30].
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Analysis Outcome

e All these scheduling algorithms improve the performance by reducing the response
time with the replication policies.

e There is overhead of creating the replicas.

2.4.4 Adaptive Algorithms

Adaptive algorithms adapt the change in resources by updating the resource in-

formation and rescheduling them [32]. It comprised of three algorithms:

(i) Cost optimization: It endeavors to complete the task in minimum cost within
the limited deadline.

(ii) Time optimization: It tries to complete the task in minimum time with in
the limited budget.

(iii) Conservative Time optimization: It attempts to complete the task within
the limited deadline and budget.

This algorithm divides the resources into expensive and inexpensive resources.
Then task with high task completion time allots to inexpensive resources and vice

versa.

Analysis Outcome

e On the basis of QoS requirements, user can choose any adaptive algorithm. If user
have limited budget then user can choose cost optimization and if user requires
completing the task as quickly as possible then user can go for time optimization
algorithm.

e [t does not count energy consumption parameter.

2.4.5 Power Aware Scheduling Algorithms for Parallel Tasks

Power Aware Scheduling Algorithms for Parallel Tasks are based on Dynamic

Voltage frequency scaling technique [34] [35]. It discusses two approaches:

(i) Best effort scheduling: It attempts to reduce the energy consumption with-
out degrading the performance. It scales down the processor voltage level
during the non critical jobs execution because delay in execution of non-
critical jobs does not affect the overall execution time [33]. It also scales
down the voltage when processing element is not doing any data communi-

cation and job execution.
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(ii) Energy-performance trade-off scheduling: It applies Green Service Level
Agreement (SLA) negotiation between consumers and resource providers.
It scales down the processor voltage similarly as best effort but it allows
the execution time to expand that is negotiated in green SLA [34]. These
allow reducing energy consumption without degrading performance in par-
allel tasks execution. Green SLA negotiates the task response time, energy
consumption and carbon dioxide emission metrics. It schedules the tasks to

the resources by assuring all the consider metrics.

Analysis Outcome

e They attempt to reduce the energy consumption without degrading the
performance for parallel tasks.

e Energy-performance trade-off can save the more energy when user can pay for
extra execution time.

2.4.6 Heterogeneity Aware Metascheduling Algorithm

Heterogeneity Aware Metascheduling Algorithm (HAMA) sorts the jobs with ear-
liest deadline first. Resources are also sorted in terms of energy-efficiency. CPU
power and cooling system efficiency have been considered to find energy-efficient
resource. Then it assigns the job with earliest deadline to most energy-efficient

resource and energy is further reduced by applying DVS approach [36].

Analysis Outcome

e HAMA algorithm reduces the energy consumption and does not consider
performance.

2.5 Energy-Efficient Policies

Different energy policies are shown in Figure 2.4 and have been discussed in the

consecutive section:

2.5.1 Smart Scheduling Policies in Grid Computing

Smart Scheduling includes different scheduling energy policies [37]as shown in Fig-
ure 2.4. These policies handle the resources and are applied on Grid5000 [38]Grid

organization in France to find which policy saves how much energy.

(i) Always On: This policy makes the resources available all the time and never

in switched off state.
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Figure 2.4: Energy-Efficient Policies

Always Off: This policy allows the resources to remain in switch off state

until a job arrives.

Switch Off randomly: This policy allows the resources to remain idle or in

switch off state based on Bernoulli distribution. It is a mid way of Always

On and Always Off.

Load policy: It imparts the resources on the basis of load. If load is below

than threshold then resources remain idle otherwise gets switch off.

Switch Off Ts: It tries to minimize the energy spent in booting and shutting

down the resources.

Exponential and Gamma policy: These policies having different probability
calculating functions sets a threshold value and then check if probability of
arriving of new job is less than that then resource remain idle otherwise gets
switch off.

Smart Scheduling also includes Arranging Policies that work together with energy

policies. Arranging Policies are Do Nothing and Simple Aggregation of Jobs which

are defined below:

(i)
(i)

Do Nothing works together with Always On and does not change anything.

Simple Aggregation of Jobs policy takes care that if required resources are
available but not assigned and assigned ones are switch off. Then it provides
available resources to the job and saves the energy and time. Always Off and
Load policy gives good result in terms of energy saving but Switch Off T's
gives good result in energy saving as well as reduce power cycles. Aggregation

of Jobs policy is best in energy saving and reducing power cycles [37].
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Analysis Outcome

e All these energy policies and arranging polices shows saving in energy
consumption when implemented on Grid5000.

e It does not consider performance.

e Heterogeneity of resources is not taken in Grid5000.

2.5.2 Energy Aware Resource Infrastructure (EARI)

EARI is an energy saving model in which scheduler manages the on/off cycle of
the resources to reduce the energy consumption. This model furnishes the user
with a portal through which user can submit their reservation for resources. Then
scheduler sues the users submissions. Then handle the resources and provide ac-
cess to users according to their reservation. To make the reservation user can view
the previous reservation result and can select the reservation accordingly. Some
reservations have least booting and shutting of resources so it has low energy
consumption as compared to other reservations. Energy consumption by reserva-
tions is estimated if it starts at the next possible start time, just after the next
possible end time of reservation, 1 second (1 refers to the length of reservation)
before the next possible start time and during the slack period. On the basis of
estimation, only these reservations are selected which have minimum on and off
of the resources [39] [40]. Then few green policies have been proposed to shift the

reservation at another date to get better result.

(i) User policy: It allows selecting the reservation that is suitable for user re-

quirements.

(ii) Fully-green policy: This policy allows selecting the reservation that is most

energy efficient.

(iii) 25%-green policy: It permits 25% reservations basis on the criteria of fully-

green and rest on the basis of User policy.

(iv) Similarly 50%-green and 75%-green policies according to their percentage

values.

(v) Deadlined policy: It follows fully-green policy if delay in the fulfillment of

user requirements is not more than 24 hours. Otherwise it follows user policy.
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Analysis Outcome

e The energy consumption result of the Lyon site proved fully-green policy is most
energy efficient energy policy.

e Impact on performance does not taken in to account here.

2.6 Review Analysis

Analysis of various existing scheduling algorithms has been done on the basis of en-
ergy and performance in terms of time and cost as shown in Table 2.2. Algorithms

are compared on the basis of following metrics:

(i) Energy Consumption (EC): Energy consumption is defined as the amount

of energy that is consumed by the resources during the tasks execution.

(ii) Makespan: Makespan is defined as the total execution time from the sub-

mission of first task to the completion of last task [41].

(iii) Cost: Cost is defined as monetary cost that is spent in whole scheduling and

execution operation.

Table 2.2: Comparison between Existing Scheduling Algorithms

Scheduling Algorithm EC | Makespan | Cost
Workflow Best-Effort based v
Scheduling Algorithms QoS based v v
Greedy heuristics Scheduling Algorithms v v
HGreen algorithm v
Combined, Alternated, kbp based v
heuristics on multicore heterogeneous v

based environment

Utility based energy constraint

scheduling algorithm v v v
Adaptive Scheduling algorithms v v
Online Scheduling algorithm with v
replication policies

Heterogeneity aware Metascheduling Algorithm v

Algorithms for parallel tasks v v

Smart scheduling based energy policies v

Energy aware resource infrastructure v

model based energy policies

2.7 Conclusion

Various Grid scheduling algorithms that focus mainly on energy parameter as well

as performance have been reviewed in this chapter. The result of the study was
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classified into three categories and analyzed. From the analysis it can be con-
cluded that Greedy heuristics, heuristics on multicore heterogeneous environment
and utility based algorithms attempt to optimize the energy and performance si-
multaneously and perform well.

In the next chapter, research gaps are discussed and Problem statement is formu-
lated.
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Chapter 3

Research Gaps and Problem

Statement

Based on Literature Survey, research gaps in the existing techniques have been
identified and analysis is presented. On the basis of this analysis, Research problem

is defined and then objectives are described.

3.1 Gap Analysis

From the literature survey, following algorithms have been identified that focus

on both energy and performance factors:

e Greedy Heuristics Scheduling Algorithm,
e Utility Based Scheduling Algorithm.

e Multicore Heterogeneous Environment Heuristics.

Table 3.1 the analysis of these algorithms. From the analysis it can be concluded
that an efficient scheduling algorithm that simultaneously optimizes both energy

and performance is required.

3.2 Problem Formulation

The energy consumption in Grid Computing system is an important problem and
there is always a trade-off between energy consumption and performance. To
minimize the energy consumption with no degradation in performance is one of
the main challenges in Grid Computing for which an efficient Grid scheduling
system is required. This research work intends to propose an algorithm that
can simultaneously optimize both energy and performance and which considers

communication latency, scheduling of workflows and is also easy in computation.
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Table 3.1: Gap Analysis of Selected algorithms

Existing Algorithms | Analysis Techniques
It takes into account both energy .
. . Dynamic
Greedy Heuristics consumption and performance but these
. . . . Voltage
Scheduling Algorithms | are based on Dynamic Voltage Scaling .
. X . . Scaling(DVS)
approach i.e. difficult to implement in
global Grids.
It maximizes the utility of Grid users by
Utility based CF)unting bojch energy consur.nption and Lagrangian
. . time but it is very complex in approach
scheduling algorithm . . .
computation because it uses Lagrangian
approach to solve the problem like to
complete the execution in limited energy
budget. Similarly to complete the
execution in limited deadline.
Heuristics on It does not consider communication Traditional and
multicore latency i.e. the time that the tasks takes Greedy
heterogeneous to communicate with each other. Heuristics
environment

3.3 Objectives

(i) To study the existing energy and performance aware scheduling techniques

of Grid computing.

(ii) To develop an energy aware algorithm for optimizing both energy and per-

formance simultaneously.

(iii) To implement the proposed algorithm in Grid environment.

In the next chapter, proposed architecture and algorithm have been discussed with
the help of UML diagrams.
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Chapter 4

Proposed Energy-Efficient and
High Performance Approach

This chapter analyzes the problem through UML diagrams and presents the design
of proposed solution through layered architecture of the proposed technique and
its flowchart. In addition, it also proposes a scheduling solution by considering

the dependency among the tasks and mapping those tasks to efficient resources.

4.1 Analysis of the Proposed System

In the proposed system the Grid tasks should be analyzed, prioritized and sched-
uled to the energy-efficient resources that will ensure the performance and minimal
energy consumption. For that the proposed system is intended to provision the
task and resources by taking both energy and performance in consideration and
design a scheduling algorithm so that both energy and performance can be opti-
mized.

Analysis of proposed system is done with the help of Use Case diagram. Differ-
ent components of the system are identified and their working with each other is
presented in UML diagrams. UML diagrams are the best approach to study and
analyze the different parts of the system and their working.

e Use Case Diagram

Use Case diagram [42] depicts the overall behavior of proposed system by describ-
ing the set of actions that the system can perform in collaboration with external
users of the system as shown in Figure 4.1. Actors includes Grid user, Database,
Provisioning Manager, Gridsim for simulating the Grid environment and Sched-
uler. All the actions are described within the system boundary that the system
performs which includes submission of tasks by Grid user, analyzing and prior-

itizing the tasks, performance provisioning energy provisioning by Provisioning
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Manger, scheduling the tasks to the resources by scheduler, simulation of Grid en-
vironment by Gridsim, checking the statistics of energy, execution time and cost
by Grid user. Thus, the proposed approach is analyzed by describing its users and
actions in Figure 4.1. The design of the proposed solution has been explained in

the next section.
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Figure 4.1: Use Case Diagram of Proposed Approach

4.2 Proposed Energy-aware Layered Grid Archi-

tecture

Three layered energy and performance aware Grid architecture is proposed as
depicted in Figure 4.2. It focuses on reducing the energy consumption by simul-
taneously improving the performance in Grid environment. The architecture has

three layers, Grid Portal, Provisioning Manager and Scheduler.
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4.2.1 Grid Portal

Grid Portal provides an interface to the users through which user can submit the
task and the information related to the task that is required for its execution.
Information gathered from the interface is stored and used by task analyzer to
analyze the task complexity and dependency. Grid Portal makes it easy for the
Grid users to submit the tasks for execution. Lines of Code (LOC) and Function
Point metrics have been used to measure the complexity of tasks. Function Point
considers 14 complexity factors that counts processing complexity of the project
or a task. To measure the dependency in a task Fan-in, Fan-out and Information

Flow Metric have been used.

& 3

Grid Resource
Information
System

Figure 4.2: Energy-Aware Layered Grid Architecture
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e Task Analyzer : Task information like its size, complexity and dependency
is collected through Grid Portal.Tasks are then analyzed on the basis of col-
lected information and categorized as heavily loaded, complex or dependent
tasks. A set of five tasks have been taken for the experimental purpose as
shown in Table 4.1. To calculate the Function Point metric of the tasks,
a separate interface is provided to the users. To calculate the LOC, Fan-
in, Fan-out and Information Flow Metric of the tasks, C and C++ code
counter (CCCCQC) free software tool for the measurement of source code re-
lated metrics is used [43]. These entire submitted tasks shown in Table 4.1
are analyzed on the basis of size and structural metric and sufferage value [45]

based on time and energy using the following equation:

weight = Siz€ * VATtime * VAT energy + dependency (4.1)

Where size represents the size of a task in terms of LOC or Function Point,
varygme refers to variance of time i.e. representing the difference between
the execution time of a task on most and least efficient resource. varepergy
refers to variance of energy i.e. representing the difference between the en-
ergy consumption of a task on most and least efficient resource, dependency

representing the task dependencies in terms of Information Flow Measure.

(i) Size: Size of a task can be calculated using either LOC [44] metric
or Function Point metric [45]. To calculate the weight of a task, size
metric is used because tasks execution time and energy consumption
differs as the size and complexity of task varies. Metrics that are used
to calculate the size are described below:

Line of code is a software metric used to calculate the size of a soft-
ware program by counting the number of lines in the source code of a
program except the blank and comment lines [44].

Function Point is software metric which is used to find the size and
complexity of a program. It considers 14 technical complexity factors
that are used to provide an indication of problem complexity [45] [46].
Higher the complexity or size of task then task requires more time and
energy to execute.

LOC of the tasks which are specified in Table 4.1 is calculated us-
ing CCCC tool and Function Point is calculated by providing separate
interface for its calculation. Here FP has been used during experimen-

tation.

(i) vargme: It refers to the Variance of time i.e. the difference between the
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(i)

execution time of a task on execution upon the most energy efficient
resource and least energy efficient resource. This factor is responsible
for maintaining the performance of a task. Task with high value of
varyme shows that its performance will be affected more if it is not
allotted to more energy efficient resource. So the task with high value
of varm. is of high weight. Value of var,. for the tasks is calculated

using the past data of the resources i.e. stored in database.

VT energy: 1t Tefers to the Variance of energy consumption i.e. the
difference between the energy consumption by a task on execution upon
the most energy efficient resource and least energy efficient resource.
This factor is responsible for saving the energy consumption of a task.
Task with high value of vare,ergy shows that it will consume more energy
if it is not allotted to more energy efficient resource. So the task with
high value of varenerqy is of high weight. Value of vare,erq, for the
tasks is calculated using the past data of the resources i.e. stored in
database. varime and vVareerg, [47) factors are based on the idea of

sufferage value.

Dependency: It refers to how many modules of a task are dependent
on each other. A program with multiple tasks has dependencies among
the tasks. Task having high dependency will consume more energy as
compared to the task having less dependency. High dependency task
cause the CPU to be idle or free because when the task is busy in doing
Input/output activity CPU cannot be assigned to any other task as the
dependent task cannot start executing until the task that it depends
upon is complete. Whereas, low dependency tasks use the resources in
continuous mode and CPU idle time or switching time is negligible.

The CPU is the main power consumer in system devices. Power con-
sumption can be saved significantly by switching the CPU from running
state to off or low power state when it is not doing any useful work.
But switching the state of CPU also has energy overhead. It is gener-
ally assumed that during the execution time of a task, all the system
devices whose support is required will stay in their active state. So,
energy is wasted even when resources are not doing any useful work.

Therefore, while executing the task with high dependency whether the
CPU sits idle or switches into low power state in both the cases energy
consumption will be more as compared to the execution of low depen-
dency task. So, it is worth to assign more energy-efficient resource to

the task having high dependency.
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Number of modules
Lines of Code

McCabe's Cyclomatic Number

LLines of Comment
LOC/COM
MVG/COM

To measure dependency following metrics have been used:

— Coupling between Objects: 1t refers to the count of other modules

of a program which are coupled to the current module either as
a client or a provider. High coupling indicates the dependency
between the modules is high [46] [48].

Fan-in Fan-out

* Fan-in: The count of other modules in a program which send

information or data into the current module of a program [48].

* Fan-out: The count of other modules in a program into which

the current module sends information [48].

Information Flow Measure (IFM): It is measured as the square
of the product of the fan-in and fan-out of a module to find the
structural complexity of a module. So it is a combined measure of
Fan-in Fan-out [48].

To calculate above metrics user can use CCCC tool [44] ie. C
C++ code pointer. It can calculate LOC size metric, Object Ori-
ented metric and Structural metric as shown in Figure 4.3 and 4.4.
Thus, the tasks are prioritized and a task with high weight is as-
signed high priority. After calculating weight, tasks are sorted with
task ID using bubble sorting.
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Figure 4.3: Size Metric Calculation
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Table 4.1: Task Information

Tasks Size Size Dependency| variime| varenergy Millions of
(LOC)| (FP) | (IFM) (secs) | (watts) | Instructions
Gridlet 0 286 28 0 ) 3917 222340
Gridlet 1 474 15 0 5 8143 4741236
Gridlet 2 | 1788 82 1 7 29817 13178798
Gridlet 3 | 116 30 0 5 936 20000011
Gridlet 4 85 8 0 ) 936 12356785

4.2.2 Provisioning Manager

Provisioning Manager handles the provisioning of both tasks and resources to
improve the performance and to reduce the energy consumption. Performance
can be improved by fulfilling the quality requirements of the users. Provisioning
Manager is responsible for analyzing and sorting the tasks by taking energy and
performance factors under consideration. It also manages the resources whose
information comes from Grid resource information system as shown in Figure 4.2.

Provisioning Manager is working into two steps which are described below:

e Performance Provisioner:It provisions the tasks and resources both for Per-
formance. In case of tasks, by using the past information of execution time
of the tasks on different resources, variance of time is calculated i.e. a differ-
ence between the execution time of a task on the most performance efficient
resource and least efficient resource. The task having maximum value of
variance of time affects the performance highly as calculated by equation
4.1. So a task with high value of variance of time assigned high priority to
schedule and execute first. In case of resources, Joulesort benchmark [49]
is used that defines energy and performance efficient resources. These ef-
ficient resources use SSD (Solid State Disks) drives that are better in per-
formance [50] [51]. Resources are shown in Table 4.2. The resources that
are proved as an energy and performance efficient by Joulesort benchmark
have been considered. Mips Rating is a metric which is used to measure the
performance of processor [52]. MIPS value of all these processors mentioned
in Table 4.2 is calculated using clock rate and No. Of records sorted per

joule information [53].

e Energy Provisioner:It provisions the tasks and resources both to reduce the
energy consumption. In case of tasks, by using the past information of en-
ergy consumption of the tasks on different resources, variance of energy is
calculated i.e. a difference between the energy consumption by a task on the
most energy efficient resource and next efficient resource. The task having

maximum value of variance of energy affects the energy consumption more
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as shown in equation 4.1. So a task with high value of variance of energy is

assigned high priority to be scheduled and executed first.

Table 4.2: Resources List [50] [51]

Resources Configuration Clock | Mips Power in watts
Rate Rating (10 GB data)

Intel Core 16GB RAM,.16 x 300 GB

7-9700K Intel 710 Series SSDs, 1 3.5 GHz 897500 165
160 GB Intel 510 Series
SSD

Intel Core 16GB RAM,7 x 120 GB

524008 | Intel 510 Series SSDs 25 GHz | 873750 %

Intel Xeon .12G]-3 RAM, Fusion-io

L3426 ioDrive (80GB), 4 x Intel | 1.86GHz | 561250 105
X25-E (3 x 32GB, 1 x
64GB)

Intel Atom 4GB RAM,4 x Super

330 Talent UltraDrive GX 1.6GHz 310000 142
MLC 256GB

Quad Core

AMD 1GGB RAM 80GB 2.01GHz 145000 252
FusionIO

Opteron

2373

In case of resources, Joulesort benchmark is used that defines energy-efficient
resources. Joulesort as a benchmark is selected to measure the energy effi-
ciency because sort emphasizes the all core components of a system which
are CPU, memory and I/0 [49]. Five most energy efficient resources accord-
ing to Joulesort benchmark have been taken to carry out the simulation in

Gridsim as shown in Table 4.2.

4.2.3 Scheduler

It collects all the information from the provisioning manager and schedules the
tasks to the resources according to the Energy-efficient and High performance
algorithm.

Proposed EEHP Algorithm

EEHP Algorithm: It refers to Energy efficient and High Performance algorithm.
It assigns the high priority to the task i.e. complex in size, highly dependent and
which is affected more if it is not assigned to energy efficient resource in terms
of both energy and execution time. As shown in equation 4.1, task with highest
weight has high priority. Then map the high priority task to the most energy and
performance efficient resource which is found out by joulesort benchmark. The

pseudo-code for EEHP algorithm is described in Algorithm 1.
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Algorithm 1 Energy-Efficient High Performance Algorithm

1. //Declarations and Definitions
2. T=tl....tn //set of the tasks
3. R=rl....:n //set of energy and performance efficient grid resources
4. loc(t)
5. fp(t)
6. vargime (t)
7. varepergy (t)
8. dependency(t)
9. LT
10. LR]]
11. pos(L,criterion)
12. weight(t)
13. power(r)
14.
15. // Task Analyzer Phase
16. For each task ¢t in T do
17. weight(t) = analyzer(t)
18. EndFor
19.
20. //Provisioning Phase
21. For each task ¢t in T
22. p=pos(LT,Weight(t))
23. add(t,LT,p)
24. EndFor
25. //Scheduling Phase
26. while 3t in LT do
27. t=LT.get(0) //the most complex, dependent and power expensive task
28. re=LR.get(0) //the most energy and performance efficient resource
29. schedule(t,re) //assign t task to the re
30. remove(LT,0) //remove first item list

31. EndWhile
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Table 4.3: Abbreviations used in Algorithm 1

Abbreviation Description
loc (t) Size of tasks in terms of lines of code
fp (t) Function point value of the tasks

VaTime (1)

Variance of time

VaTenergy (t)

Variance of energy

dependency(t) Dependency of modules in a task.

LT]] List of tasks prioritized by most
complex, dependent and decreasing
energy waste

LR]] List of resources which are highly

energy and performance efficient
resources

pos(L, criterion)

Insert position of new element on the
basis of weight criteria at list L

weight(t) Weight of a task

power(r) Power consumption rate of resource

analyzer() Analyze the tasks on the basis of
complexity and dependency

add(t, LT, p) Add the task t to the prioritized list of
tasks i.e. LT at position p

LT.get( ) It is a function to get the most

complex and dependent task

This function schedule the task t to the resource re.
This function removes the tasks from

the list as they get scheduled .

Schedule(t, re)
Remove( LT, 0)

Step by step working of the proposed EEHP scheduling algorithm is shown in
Figure 4.5. It elaborates the procedure for submission of tasks, analysis of tasks,
sorting of tasks on the basis of weight and scheduling of tasks to the resources
In the proposed algorithm, allocation of tasks to the resources is carried out in a

manner as described below:

(i) First, List of tasks is created which are submitted by users through Grid
Portal for execution and List of energy efficient resources is created which

are available on site.

(ii) All the tasks are analyzed on the basis of their complexity (Using Function
Point and LoC), dependency (Using Information Flow Measure) and their
past history that gives estimate about their energy and time consumption
data.Then tasks are prioritized by assigning weight to them.The task having
higher weight will have higher priority.

(iii) Tasks are sorted on the basis of weight assigned to them and then scheduled
to the resources accordingly. So, the task having higher priority is allocated

to the most energy-efficient resource for execution.
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Create the TaskList
and Resourcelist

For each task in Tasklist- Analyze the tasks and
assign weight

For each task in TaskList- identify the position of
task on the basis of weight

)

Add task — Prionitized List of Tasks

!

/—h While sk in Prioritized List of tasks

Get the taske— Prioritized List of Tasks

Get the most energy efficient resource +— ResourceList

¥

Schedule the task to the resource

]

Remove scheduled task from the Prioriized List

K |

Check the Statistics
(Energy, Time & Cost)

¥

Exit

Figure 4.5: Flow Chart of Proposed Algorithm
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4.3 Conclusion

In this chapter, Energy aware layered Grid architecture has been proposed to
optimize both energy and consumption. Along with this, Energy-efficient and High
performance algorithm to schedule the tasks to the resources in such a way so that
energy can be reduced has also been proposed and designed. In the next chapter,
the implementation of Grid Portal and the proposed algorithm and experimental

results have been presented.
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Chapter 5
Experimental Results

This chapter discusses tools for setting up Grid environment, implementation of
Grid Portal and EEHP Algorithm on Gridsim Toolkit, experimental results of this

approach and comparative analysis of this approach with other existing algorithms.

5.1 Tools for setting Grid Environment

Tools required for implementing the EEHP algorithm on Grid are described below.

5.1.1 Gridsim Toolkit

Different types of disseminated systems such as Grids and clusters use Gridsim
toolkit to do the simulation of tasks or job scheduling. Information services are
used to find the resources and provide interfaces to map the tasks to the resources
and handle their execution and completion. These capabilities can be used to mea-
sure the performance of different scheduling algorithms or heuristics by simulating

the resources and Grid schedulers [29]. It provides following features [29]:

(i) Permits creation of heterogeneous types of resources.

(ii) Potentiality of resources is defined in terms of Millions of Instruction Per
Second (MIPS) which are specified in Standard Performance Evaluation Cor-
poration (SPEC) benchmark.

(iii) Time shared or space shared allocation policies are used in Gridsim toolkit

for resources.
(iv) Advance reservation policy is provided for booking of resources.

(v) Tasks or jobs can be different and they can be CPU bound or input output
bound.
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(vi) No limit on the number of tasks that can be submitted.
(vii) Both static and dynamic schedulers simulation is supported.

(viii) Time and cost spent in execution parameters can be recorded and analyzed.

5.1.1.1 Gridsim Architecture

Gridsim modular architecture is shown in Figure 5.1. Java Virtual Machine with
Java interface is provided at first layer for different types of processors because its
implementation is platform independent. A basic discrete-event infrastructure is
built at second layer using interfaces of first layer. At third layer, simulation of

resources, applications and so on entities to create higher level entities.

Application, User, Grid Scenario’s Input and Results

Application Resource User Grid
Configuration Configuration Requirements Scenario P

Grid Resource Brokers or Schedulers ‘

GridSim Toolkit
Application Resource Information Joh Resource Statistics
Modeling Entities Services Management Allocation

Resource Modeling and Simulation (with Time and Space shared schedulers)

Single CPU || SMPs || Clusters || Load Pattern || Network | | Reservation |

Basic Discrete Event Simulation Infrastructure

| SimJava | | Distributed SimJava

Virtual Machine (Java, cJVM, RMI)
| SMPs

| Distributed Resources |

| PCs | | Workstations | Clusters

Figure 5.1: Modular Architecture for Gridsim [29]

The fourth layer consists of Grid resource brokers or schedulers for simulation of
resources. The final layer is focused on jobs and resource creating with different
scenarios for executing scheduling and resource management policies, heuristics,

and algorithms.

e Sequence Diagram
In Gridsim simulation, all the entities and the interaction between them by
the use of events are shown in Figure 5.2. As Gridsim starts, the resource

entities register themselves by sending the events with the Grid information
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system service. User entity submits all the tasks and their information to
provisioning manager entity. Provisioning manager entity sends an event to
Grid Information service entity to inquiry about resource. Grid Information
service entity gives the list of all the registered resources and their informa-
tion. Provisioning manager entity sends an internal synchronous event of
task and resource provisioning according to set parameters. On the basis of
the resource & task selection according to scheduling policy, the provisioning
manager entity sends events (asynchronous) in order to submit the Gridlets
to resource entities for execution because the provisioning manager has no
need to wait for a resource to complete the allotted task. When the Gri-
dlet execution is finished, the resource entity updates the status of Gridlet
and processing time, energy consumed and cost spent and sends it to the

provisioning manager by sending an event to show its completion.

| Service Entity

|
i
(Register Resource)
|:|‘rs|mmnan the tasks) (Get Resource List)

—
(Get Resource Characterstics)
Task & Resource
Frovisioning

T (Submit Gridlet 1)

(Submit Gridlet 2)

P —

(Supmit Gridlet 3) cliion

(Gridlet 1 Finished) i
Gridlet 2

(Gridlet 2 Finished) cution

(Gridlet 3Finished

1
_|_€(Dnne Experiment) !
i
i
E (Record my statistics)
i
i
!
(1.am Done).

(Get Resource List)

_

I (Create Report) ——=

r (Get Stat)

—— (Terminate) —=

Figure 5.2: Sequence diagram to show working of Gridsim

The Gridsim resource sends asynchronous internal events to simulate the re-
sources or to change the resource according to provisioning and requirement
of task. Grid user entity sends an event to Grid statistics entity to record it

statistics. GridShutDown entity sends terminate event to Grid resource and
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Grid information service entity. GridShutDown entity sends create report
event to ReportWriter entity. When it gets report as a result then it sends

terminate event to GridStatistics entity [29].

5.1.2 NetBeans

NetBeans is an integrated development environment and also an application plat-
form framework to develop the applications in Java. It can run on different oper-
ating systems like Windows, OS X, Linux, Solaris and other platforms. NetBeans
provides many features which are menus and toolbars to develop user interface,
window and storage management, wizard framework, NetBeans library. NetBeans
IDE is free, open source, platform independent and provides support for Java
programming language. NetBeans IDE 6.8 has been used for loading and using
Gridsim toolkit [55].

5.1.3 Microsoft Access

Microsoft Access is a database management system given by Microsoft. It com-
bines the relational Microsoft Jet Database Engine with a software development
tools and graphical user interface. It is the part of Microsoft Office suite of appli-
cations [56]. All the data about tasks and resources are stored in this database.
Using ODBC drivers Microsoft Access database is connected with Java application

to submit the tasks and its information.

5.2 Implementation of the Proposed System

In this first implementation of Grid User Interface (Grid Portal) then implemen-
tation of EEHP algorithm is described.

5.2.1 Grid User Interface

Grid Portal is a user interface that offers various services for executing tasks on
the Grid. Developers can access to their interface by Login into admin and users
can access their interface by Login into User. The Grid portal interface is shown
in Figure 5.3. Registered and authorized Users are only allowed to access the
services. The services that it offers are Task its Specification Submission Service,
Resource Management Service and Simulation Report Service [57].

The services that Grid portal provides are:
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Grid Portal

=

Figure 5.3: Grid Portal

5.2.1.1 Task & its Specification Submission Service

Task Submission service is a service for submitting the task and task specifications
to execute it on the grid. Task specifications include metrics for defining the task
so that its priority can be calculated to determine which type of resources can
be used for executing that task. It also offers a functionality that allows a user
to delete the record of tasks that are previously submitted by users (as shown in
Figure 5.3).

(i) Add Task
Users can add the task by selecting it from the directory to perform it on

the grid (as shown in Figure 5.4).

£ cece [ ccee_env.bat [ynic
[ oty
[ Panet
Dimee
[ reaa
[ ccce user Guidentm [ make. en [ reetc
) Newcomp.java [ scree|
Cl Il I I
File Name:  [Calculator java |

Files of Type: [AllFiles

Figure 5.4: Load the Task

(ii) Add Task Specification
Add Task Specification service provides different metrics to define the task
and to set its priority. Tasks can be ranked or sorted on the basis of pri-
ority to execute them on grid resources so that energy consumption can be
reduced as well as performance can also be maintained. Metrics that are re-
quired to measure the priority of task are provided on the interface (shown

in Figure 5.5).
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(i) Size Metrics

e Lines of Code interface allow a user to enter LoC of task as shown

in Figure 5.5.

Size Metric

Structural Metric

Coupling
Information Flow Measue

Figure 5.5: Line of Code Interface

e [unction Point interfaces allows a user to enter domain characteris-
tics and complexity factors of a task to calculate the function point

metric as shown in Figures 5.6 & 5.7

2] TR T w W T gl T e W i i —

Size Metric

Domain Characterstic Table
Weighting Factor
Measurment Parameter Count 5
Simple  Average Complex
No. of User Inputs i 2 (0} 1945 [
HNo. of User Outputs 1

No. of User Inquiries 2

Structural Metric

Coupling SREE L]
Information Flow Measue No.of Extemal Interfaces  [v |

Calculate Function Points| E T

Figure 5.6: Function Point Interface
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Figure 5.7: Function Point Technical Complexity Factors Interface

(i) Structural Metrics: They are based on the relationships of a module
with other modules. It includes Information Flow measure which uses

Fan-in Fan-out to find a measure of coupling for the module.

e Coupling interface is provided to the user to enter coupling between

object metric of a task as shown in Figure 5.8.

. - —

&

Size Metric

R D

Structural Metric

Coupling
Information Flow Measue

Figure 5.8: Coupling Interface

e Information Flow Measure interface is provided through which user
can submit Fan-in, Fan-out and Information Flow. It is shown in
Figure 5.9.
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Fan-in

Fan-out

Structural Metric Information Flow |0

e |_toad |
Information Flow Measue

Figure 5.9: Information Flow Measure Interface

(iii) Remove Task
It allows a user to delete the record of the tasks that are submitted by user
previously. It will update the Grid Portlet database automatically. User can
select the task from the list and click on delete button then it will delete the

task as shown in Figure 5.10.

Size Metric

CAProgram Files
-

Structural Metric

Information Flow Measue

Figure 5.10: Remove Task

(iv) Resource Profile Service
It enables users to view the resources that have been registered on grid
as shown in Figure 5.11. All the information of resources like number of
cores, Mips Rating, CPE and Power consumption rate is available on clicking

resource profile.
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Size Metric

Resource Cores Mips Rating  CPE Heps SpecPower

Resource_0 8 1174 i 219

Resource_1 1535
172
Structural Metric

Resource_2 2548 88

Information Flow Measue
Resource_4 60

Resource_5 8
135

Figure 5.11: Resource Profile Interface

(v) Resource Management Service
It allows the developers to manage the resources by modifying, updating and

deleting them. It includes following services:

e Modify Resource attributes: It allows the developers to easily customize
the information of resources that is displayed to user. It will show a list
box to allow the developer to select the particular resource to which

they want to customize as shown in Figure 5.12.

Resource, « |

Figure 5.12: Modify Resource Attributes Interface

e Remove any Resource: It allows the developers to delete a record of
resource that is no more available to provide services to the user. Grid

Portlet database will update automatically as it is shown in Figure 5.13.
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Resource, :

Resource_0
Resource_1
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Resource_4
Resource_§

Figure 5.13: Remove Resource Interface

(vi) Simulation Output Service:
Simulation Report service allows the developers to check and see the result
of simulation as how much energy is consumed, how much cost is spent and
how much execution time is taken by a particular resource. It is shown in
Figure 5.14. Allowing the developer to check these statistics will help them
to analyze the consumption and they can maintain the tasks and resources

according to that.

Seny Resoees _ RemeEeRERenIy S I Report of Cost

Resource Name Cost(Rs.)
Resource_4 9.30392832...
Resource_5 11.3464447 ...
Resource_0 8.94378194...

Resource_2 10.596546...

Resource_3 25.689075...

Figure 5.14: Simulation Output

5.2.2 Implementation of EEHP Algorithm

Gridsim [26] is used to simulate the Grid environment consisting of five most en-
ergy efficient resources as given in Table 4.2 above. For each resource their config-
uration, Clock rate, MIPS rating and power consumption rate is given. Joulesort

benchmark defined them as most energy and performance efficient resources.
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(i)

(i)

(i)

Create Resources

In Gridsim, five resources are created that are mentioned in Table 4.2 as
shown in Figure 5.15. For each resource their configuration, clock rate,
MIPS rating and power consumption rate are specified as their parameters.
createGridResource() function is used in Gridsim to create the resources
and then resources are added in the machine list with their corresponding

parameters.
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Figure 5.15: Create resources in Gridsim

Create Gridlets

Gridlets or tasks that are submitted by users through Grid portal are stored
in database. Then through database connectivity, Gridsim access the sub-
mitted tasks and their information and creates the Gridlets as shown in
Figure 5.16.

Tasks Prioritization

Tasks that are submitted by users for execution are stored in database along
with their configuration. All the submitted tasks are accessed and analyzed
using parameters defined in equation 1 in chapter 4 and then prioritized
on the basis of their calculated weight stored in output_size array by using
bubble sorting. Task Prioritization is essential because task i.e. responsible
for high energy consumption is needed to be scheduled in that way so that

energy consumption can reduce without degrading the performance.

e Tasks Size
To prioritize the tasks, first of all size of tasks are extracted from the
database and saved in the array named output_size[] as shown in Fig-

ure 5.17. Size of tasks is calculated using LoC and Function Point.
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Figure 5.16: Create Gridlets in Gridsim

Function Point also includes technical complexity factors. So complex-

ity of tasks is also considered in the evaluation of priority of tasks.
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Figure 5.17: Extraction Size of Tasks from Database

e Tasks Dependency

Tasks dependency i.e. submitted by users as tasks specification using

Information flow metric is extracted from the database and added into

the already created array named output_size[| as shown in Figure 5.18.

In this way, by updating the output_size|| array we are calculating the

weight of the tasks as stated in equation 1.
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Figure 5.18: Extraction Dependency of Tasks from Database

e Variance of Energy
Past data of tasks related to energy consumption is stored in the database
on the execution of tasks using resources of different efficiency. Vari-
ation between the energy consumption value on high efficient resource
and least efficient resource is calculated and stored in database. Varia-
tion in Energy consumption value of tasks is estimated by matching the
tasks configuration. So, variance in energy values for tasks is extracted
from database and multiplied with already created array output_size|]

according to equation 4.1. It is shown in Figure 5.19.
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Figure 5.19: Extraction Variance of Energy for Tasks from Database

e Variance of Execution Time
Past data of tasks related to execution time is stored in the database
on the execution of tasks using resources of different efficiency. Vari-

ation between the execution time value on high efficient resource and
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Projects

least efficient resource is calculated and stored in database. Variation

in execution time value of tasks is estimated by matching the tasks con-

figuration. So, Variance in execution time values for tasks is extracted

from database and multiplied with already created array output_size||

according to equation 4.1. It is shown in Figure 5.20.
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Figure 5.20: Extraction Variance of Time for Tasks from Database

(iv) Sorting of Tasks

Calculated weight of all the tasks are stored in array output_size[|. Using

getGridletOutputSize() method calculated weight of tasks are extracted and

store as second dimension of two dimension max_arr[|[Jarray. Then tasks are

sorted using Bubble sorting as shown in Figure 5.21.
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Figure 5.21: Task Prioritization in Gridsim

(v) Mapping of Gridlets (tasks) to the Resources

Task is selected from the sorted list of complex and dependent task. Then
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selected task is scheduled to the most efficient resource for execution. It is

shown in Figure 5.22.

File Edit View Mavigate Source Refactor Run Debug Profile Team Tools Window Help
P ol ) @ [<ocfouit comiig> T DB
[ projects @5 o [ Eramviedimva |y xomict sove | ] ResorceCraraceicsjove._ [ Peustova_ 5[ Peimva_ ) M ova_
@ [ examples.gridsim.example0s FNER-S-ASFRIFPES (a0 E | a
= [ examples.oridsin.examole0s 354 | couble enev:|
[E5 Examples java 355 for (h=0;h<no_task:h++)
[# Examples1java 356 i -
58 Examples2.java 357 Gridlet)this.lisc_.get(etfh])s
[#8 Example3.java 358 . 5 " 4+ gridlec.gecGridlecID():
[ Greedymin.java 359 Syscem. ouc.princln("hella")
[ ridsim_stat.txt 360 b = gridlet.getResourceID();
[ Mimin.sava 361 if(s>4)
[EB admn java 362 {
[S admin3.jpg 363 a=0;
(&) download (1400 364
|_.__‘] grid 1.accdb 365 System.out.printin(chis.name + ":Sendi " & info + " T *
IJ grid2.accdb 366 rescurceName(t[=]] + " "o+ Ti8]):
3 gridzleccdn 367 System.out.println("t" + b)
@ home.java 368
[ images (2).00 369 System,cut.println("c{h]" + t[a)):
[2) mages ()00 370 System.out.princin(” eID{r{h]]" 4 rescurceID[t(=]]):
[ images.pa 371 Sends one Gridi spacified
[[.b loginn. java 372 super.gridlecSubmic (gridlec, resourceID(c(s]] )
[S) mnus.png 373
[ cutput.txt = 374 s :
P] plus.png 375 super.recordStatistics ("\"Submit " + info + " +

Figure

5.22: Sending Gridlets to Resources

(vi) Energy and Time calculation Execution time is calculated using getActual-

CPUTime() function and energy is calculated by multiplying the power with

time as shown in Figure 5.23.
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5.3 Simulation Result
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Tasks that are given in Table 4.1 are prioritized using equation 4.1 and then

according to their weight they are mapped to the energy and performance efficient

resources which are found out by Joulesort benchmark as given in Table 4.2.
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Table 5.1 and Figure 5.24 show the simulation result for EEHP algorithm. It
shows the results i.e. energy consumption in joules, execution time and cost spent

on the tasks.
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Figure 5.24: Simulation Result in Output Window of Gridsim

Table 5.1 shows the simulation result of EEHP algorithm on Energy-efficient re-
sources found out by Joulesort benchmark. As shown in Table 5.1, Gridlet 2 is
the most complex and dependent task and it is scheduled to the most energy ef-
ficient Resource 0. Similarly all the Gridlets are scheduled and Execution time
is calculated in seconds, Cost in Rupees and Energy in Joules. Table 5.3 shows
the simulation result of EEHP algorithm on other resources. On comparing these
results it can be concluded that vast amount of energy can be saved as well as

performance can be improved by using highly efficient resources.

Table 5.1: Simulation Results for EEHP Algorithm

Tasks | Execution | Cost( Rs) | Energy(wattr Resource
time (Secs) secs(Joules)
Gridlet 2 15.683 47.051 2587.843 Resource 0
Gridlet 4 15.1422 45.426 1408.228 Resource 1
Gridlet 1 8.4476 25.342 887.0018 Resource 2
Gridlet 3 64.5161 193.548 9161.295 Resource 3
Gridlet 0 2.5333 7.6001 638.4115 Resource 4
Total 106.3219 318.9671 14682.7793

5.4 Comparative Analysis of EEHP algorithm

with other algorithms

Comparison of EEHP algorithm with other existing algorithms which are HGreen
algorithm, Greedy-min algorithm based on DVS approach and combined MINmin
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heuristic approach is performed to analyze the energy, time and cost that can be
saved by EEHP. For comparing the different algorithms, a set of resources has
been considered as shown in Table 5.2. All these algorithms have been executed
in Gridsim using these resources and compared on the basis of energy, time and

cost.

Table 5.2: Resources List for Comparison [25]

Resources | CPE | Mips Rating | Power consumption in watts
(SPECpower benchmark)
Resource 0 435 1174 219
Resource 1 382 1535 172
Resource 2 | 1586 2548 88
Resource 3 545 1190 139
Resource 4 | 2831 2902 60
Resource 5 681 1322 155

All these resources are sorted on the basis of energy-efficiency criteria. Resource
which is highly energy efficient is assigned high priority to get the tasks first for

execution. Sorting of these tasks is shown in Figure 5.25 .
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Figure 5.25: Sorting of Resources on the basis of Energy

Table 5.3 shows the simulation result of EEHP algorithm executed using Table 5.2
resources. As per EEHP algorithm complex and dependent tasks are scheduled
first to the most energy-efficient resource. So the tasks given in Table 4.1 are
scheduled with Table 5.2 resources using EEHP. According to EEHP, Gridlet 2
is the most complex and dependent task and it is scheduled to the most energy
efficient resource i.e. Resource 4. Similarly all the Gridlets are mapped and
Execution time, cost and energy are calculated.

Table 5.4 shows the simulation result of HGreen algorithm. HGreen algorithm
says task with high energy consumption gets higher priority and scheduled first to

the energy-efficient resources. Table 4.1 tasks are scheduled to Table 5.2 resources.
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Table 5.3: Simulation Results of EEHP Algorithm (With Table 5.2 resources)

Tasks E . Cost(Rs) | Execution Resource
xecution
time (Secs) Energy (watt-
secs(Joules))
Gridlet 2 455.1343 1365.403 27308.063 Resource 4
Gridlet 4 4849.601 14548.804 426764.945 Resource 2
Gridlet 1 3586.411 10759.234 555893.7821 Resource 5
Gridlet 3 16807.731 50423.195 2504352.057 Resource 3
Gridlet 0 190.3867 571.1601 41694.689 Resource 1
Total 25889.264 77667.7961 3556013.536

According to HGreen algorithm, Gridlet 2 is the highest energy consuming task
so it is first scheduled to the most efficient resource. Similarly all the Gridlets are

scheduled and all three parameter values are calculated.

Table 5.4: Simulation Results of HGreen Algorithm

Tasks . Cost(Rs) | Execution Resource
Execution
time (Secs) Energy (watt-
secs(Joules))
Gridlet 2 454.134 1362.403 27248.063 Resource 4
Gridlet 1 1861.767 5585.302 163835.554 Resource 2
Gridlet 0 169.184 507.553 26223.608 Resource 5
Gridlet 3 16806.731 50420.195 2504352.057 Resource 3
Gridlet 4 10525.370 31576.111 2305056.145 Resource 1
Total 29817.186 89451.564 5026715.282

Table 5.5 shows the simulation result of Greedy-min heuristic i.e. a DVS approach.
Greedy-min heuristic approach says task with shortest completion time first gets

higher priority and assigned to most energy efficient resource.

Table 5.5: Simulation Results of Greedy-Min

Tasks E . Cost(Rs) | Execution Resource
xecution
time (Secs) Energy (watt-
secs(Joules))
Gridlet 0 77.616 232.8483 4656.967 Resource 4
Gridlet 2 517.228 1551.685 45516.100 Resource 2
Gridlet 1 3586.411 10759.234 555893.782 Resource 5
Gridlet 4 10383.852 31151.558 1547194.088 Resource 3
Gridlet 3 17035.784 51107.353 3730836.804 Resource 1
Total 31600.891 94802.6783 5884097.741

Table 5.6 shows the simulation result of Combined MINmin heuristic i.e. an
approach for multicore heterogeneous Grid Computing environment. It first selects
a pair of task and machine that minimizes the makespan then from resulting
pairs selects that pair which minimizes energy consumption. All these algorithms
attempt to reduce the energy consumption and improve performance.

Figures 5.26, 5.27 and 5.28 show EEHP and other existing algorithms with highly

comparable results, namely HGreen algorithm, Greedy-Min heuristic and Com-
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Table 5.6: Simulation Results of Combined MINmin Heuristic

Tasks E . Cost(Rs) | Execution Resource
xecution
time (Secs) Energy (watt-
secs(Joules))
Gridlet 0 77.616 232.8483 4656.967 Resource 4
Gridlet 2 517.228 1551.685 45516.100 Resource 2
Gridlet 1 3088.753 9266.259 531265.532 Resource 1
Gridlet 4 10384.852 31154.558 1547343.088 Resource 5
Gridlet 3 15128.601 45385.804 2344933.211 Resource 3
Total 29197.05 87591.1543 4473714.898

bined MIN-min heuristic. It depicts the comparative analysis of EEHP algorithm
with others in graphical form and also shows how EEHP algorithm is performed
better than other algorithms in terms of both energy consumption and perfor-
mance considered in terms of cost and time. In this comparison (five) tasks are

taken on x-axis and corresponding comparing parameter on y-axis.

5.4.1 Comparison in terms of Energy

Figure 5.26 shows the energy consumption for 5 task problems. It can be noticed
that EEHP has the lowest energy consumption. Combined heuristic MINmin is
the only other heuristic that consumes less energy. But EEHP consumes 20.51 %
energy lower than the MINmin heuristic. Greedy-Min consumes highest energy
which is 39.56 % more than EEHP algorithm. HGreen consumes 29.29 % more
energy than EEHP algorithm.
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Figure 5.26: Comparison in terms of Energy

5.4.2 Comparison in terms of Execution Time

Figure 5.27 depicts the execution time of EEHP algorithm and other existing algo-
rithms. EEHP is significantly better than others. Greedy-min performed poorly
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compared to the other. EEHP performs 12 % better than combined MINmin

heuristic and 13.17 % better than HGreen Algorithm in terms of execution time.
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Figure 5.27: Comparison in terms of Execution Time

5.4.3 Comparison in terms of Cost

Figure 5.28 represents comparison of EEHP algorithm with other algorithms in
terms of cost. EEHP obtained cost 11.32 % lesser than combined MINmin heuristic
and 13.17% lesser than HGreen algorithm. Greedy-Min again performed poor in

case of cost.
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Figure 5.28: Comparison in terms of Cost
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5.5 Conclusion

This chapter presented experimental results of implementation of EEHP algo-
rithm. Simulation results and comparative analysis validates that Energy-efficient
and High Performance Scheduling algorithm can save vast amount of energy with-

out degrading the performance by using Joulesort benchmark resources.
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Chapter 6
Conclusions and Future Scope

This chapter concludes the research work done in this thesis, defines thesis con-

tributions along with future research directions.

6.1 Conclusions

The objective of this work was to reduce the power consumption without degrading
the performance in global Grids. For achieving this challenge, resources that are
proven as energy and performance efficient by joulesort benchmark have been used
and tasks are prioritized by considering complexity of tasks, dependency within
the task modules and variance of energy consumption and execution time of task
on different resources.

Simulation results have shown that Energy-efficient and high performance algo-
rithm reduces the energy consumption without degrading the performance. On
average, EEHP saves 30% energy and performs 12% better than other existing

algorithms.

6.2 Thesis Contributions

(i) In this thesis, existing energy and performance aware scheduling algorithms
have been analyzed and compared according to energy and performance

factors. Performance factors include execution time and cost.

(ii) This thesis work proposes an Energy Aware Layered Grid Architecture and
an Energy-efficient and High Performance algorithm (EEHP) for energy and
performance effective mapping of tasks to the resources. It is different from

other energy aware approaches because of following aspects:

e [t uses JouleSort benchmark to select the resources. JouleSort is a
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system-level benchmark for energy efficiency that is useful across many

types of systems.

e [t provides Grid user interface to provide easy access to the users for

the submission of tasks.

e It considers performance along with energy consumption because it
includes Performance and Energy provisioning both at second layer in
Energy Aware Layered Grid Architecture. Execution time and cost are

the factors that are considered to measure the performance.
e [t considers the dependency within the task to prioritize it.

e It conceives the variance of energy and time i.e. the difference between
energy consumption and execution time of tasks by most energy efficient

and least energy efficient resources.

(iii) Experimental results which have been collected and compared with other
existing algorithms reveal that this approach results in the significant reduc-

tion of energy consumption without degrading the performance.

6.3 Future Work

e This work considers complexity and dependency factors to prioritize the
tasks so that energy can be reduced. For future work, it is intended to
improve the proposed technique by including more efficient factors for task

prioritization.

e This work considers execution time to maintain the Quality of Service re-
quirements of users. For future work, it is intended to include more QoS

factors like reliability and security to improve it further.

e This work presents the static scheduling algorithm. For future work, it is
intended to design dynamic scheduling algorithm which will choose not only

the next job to be executed but also the speed at which job is to be executed.
e [t is also foreseen to perform real tests instead of simulations.

e (Calculation of Dependency of tasks can also be automated.
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Appendix A

Installation of Gridsim 5.2 toolkit

Gridsim 5.2 toolkit is easily downloadable from http://www.cloudbus.org/Gridsim/

. Steps to run Gridsim:
1. Install Netbeans.
2. Open Gridsim 5.2 as a new project in Netbeans.

3. Then add jar folders by right clicking on Library folder and add Gridsim.jar
and simjava2.jar folders that contains built in classes which are required for

implementation as shown in snapshot below.

4. Then algorithm is implemented. If any changes is made in built in classes
then clear and build the jar folders again and then copy that new compiled

jar folders in Gridsim folder.

=

[ 9%l e il i 1 e b 1 1

- source.gridsim.parallel

-] source.gridsim.parallel, gui C oL

2| source.gridsim.parallel.log u>

-5 source.gridsim.parallel. profile

&

1

[ source.gridsim.parallel reservation -
-] source.gridsim.parallel, scheduler %

2| source.gridsim. parallel, uti

- source.gridsim.resFailure

E| source.gridsim. util

@ gridsim.jar i
-2 simijava2.jar |
-8 JOK 1.6 (Default) |2
G-&& gride |
& & hello

Figure A.1
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Appendix B

Installation of CCCC tool to get

metrics information of tasks

CCCC i.e. C and C++ code counter tool is easily downloadable from
http://sourceforge.net /projects/ccec/.

1. Simply Install CCCC.exe by double clicking on it.

2. Then run the shortcut on desktop, then by using command cccc file_name

execute the program on it to get its metrics as shown in figure below.

3. Then it generates the Html reports that contain all metrics information as

shown in figure.
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