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ABSTRACT

ENERGY- AWARE TASK SCHEDULING OVER
MOBILE AD HOC NETWORKS

BOKAR, Ali
Ph.D., Department of Computer Engineering
Supervisor: Prof. Dr. Miislim Bozyigit
Co-Supervisor, Dr. Cevat Sener
January 2009, 110 'pages

Mobile ad hoc networks (MANETS) can be formed dynamically without the
support of any existing infrastructure or any centralized administration. They
consist of heterogeneous mobile nodes which are powered by batteries, move
arbitrarily and are connected by wireless links. Battery energy limitation is one of
the main challenges in the MANETs. Several hardware and software based
techniques have been proposed in this field. Most of the previous studies have
considered only the energy minimization of individual nodes and disregarded the
overall network lifetime. Topology management is another important problem in
MANETSs, in this sense; several new computing paradigms have been developed
by the researchers, and the topology management has not been '

studied clearly in most of these models.

In this study, we propose two new techniques that deal with the topology
management in order to facilitate the nodes’ cooperation towards energy saving.
The developed computing model considers heterogeneous mobile nodes. A node

that faces shortage in its resources (energy and processing capability) sends its



work to one of the nearby devices which is able to execute the work. In
addition, we propose two algorithm for dynamic and two for static task

scheduling, to prolong the network life time.

Comprehensive experiments showed that the proposed schemes achieve a
significant improvement in the network lifetime while simultaneously reducing

the energy consumption and time delay for each task.

Keywords: Energy Aware Clustering, Energy Aware Design, MANET, Mobile
Computing, Task Scheduling,
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ENERGY- AWARE TASK SCHEDULING OVER
MOBILE AD HOC NETWORKS

BOKAR, Ali

Doktora, Bilgisayar Miihendisligi Boliimit
Damisman: Prof. Dr. Miislim Bozyigit

Ortak Damgman: Dr. Cevat Sener

Ocak 2009, 110 sayfa

Hazirda var olan bir altyapidan veya merkezi bir yonetimden destek
almaksizin  dinamik olarak olusturulabilen aglara "mobil tasarisiz ag"
anlaminda MANET denilir. MANET aglar, farkli cinslerden mobil
cihazlardan olugmakta olup, rastgele hareket edetler, enerjilerini pillerden
alirlar ve kablosuz baglantilara sahiptitler. Pillere bagli enerji smirlamasi,
MANET'lerdeki en bilyiik sorunlardan birisidir ve bu alanda bir ¢ok
donanimsal ve yazilimsal teknik one siirilmils bulunmaktadir. Gegmisteki bu
tip calismalarin bir ¢ogu, tekil cihazlarin harcadikiart enerjinin azaltilmast ile
ilgilenmis olup, toplam agin yasam sliresi lizerinde durmamigtir. Enenji
kazanimmna ydnelik, uygun topoloji ybnetimi, MANET'lerdeki oOnemli
sorunlardan biridir; ancak arastrmacilar tarafindan bu- alana iligkin
gelistirilmis yeni paradigmalarin ¢ogunda topoloji yonetimi yeterince acik
olarak calistimamistir. Bu galismada topoloji ydnetimi ile ilgili olarak ag
icindeki cihazlarn isbirligini destekleyen iki yeni farkli y&ntem
snerilmektedir. Burada kullanifan model farkli cinslerden cihazlar igermekte
olup, kaynak sikintist geken bir cihaz, elindeki isi, o isi gerceklestirebilecek
olan yakimindaki bir cihaza géndermektedir.

Vi



Ayrica, nerilen topoloji ydnetim ybntemleri {izerine oturtulan agin yagam
siiresini artirmaya yonelik enerji bilingli dinamik ve statik gorev zaman
planlama yontemleri de Snerilmigtir. Kapsamli deneyler, dnerilen yontemler
ile, enerji tiiketim degerleri ve bekleme siireleri azaltilirken, aym zamanda
agin yasam siiresinin de dnemli digiide artinldigini gosterilmektedir.

Anahtar Kelimeler : Enerji Odakh Obekleme, Enerji Odakii Tasarim,
MANET, Mobil Islem, is Plani
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CHAPTER1

INTRODUCTION

1.1 Introduction

The idea of ad hoc networking goes back to the U.S. Defense Advanced
Research Projects Agency (DARPA) packet radio network, which was used in
the 1970s [24]. Mobile ad hoc networks (MANETS) are those which can be
formed dynamically without the support of any existing infrastructure or any
centralized administration. They consist of various mobile nodes which move
arbitrarily and are connected by wireless links. MANET is an attractive
technology, due to its easy installation in the areas with no pre-existing
communication infrastructure, or when installing such infrastructure is
impossible, or when a wireless extension is needed. Moreover, mobile users can
get the internet services, if at least one node can connect to a fixed backbone

network through a dedicated gateway device enabling IP network services {3].

A MANET group has been formed within the Internet Engineering Task
Force (IETF). The main goal of this group is to develop MANET
standardizations and introduce them to the Internet standard track. The aim is to
integrate mobile ad hoc networks with hundreds of routers and solve challenges
in this kind of networks. Some challenges of MANET are battery constraints,

mobility induced route change, and packet losses due to transmission [24].

With the advancement of technologies, mobile de\}ices get smaller, more
convenient, and more powerful, thus many applications are adapted to run on
MANETs. For example, two of its common application areas are disaster
recovery management and military applications, where infrastructure networks
are almost impossible to form or maintain. Other important MANET applications

are dominant in business, for example, salesmen and marketers who travel with



laptops, oil rigs, earth quake detection/prediction, peer-to-peer communication,

industrial, crops monitoring, social event monitoring, and others [1,2,3].

Another application example of MANET is Bluetooth, which is designed to
support a personal area network (PAN) by avoiding the need for wires between
various devices, such as printers and personal digital assistants. The well known
IEEE 802.11 also known as WiFi protocol supports MANET system in the

absence of a wireless access point [24].

1.2 Motivation

Each node in MANET communicates directly to the nodes that stand
within its transmission range, however, to route information to the nodes that
reside outside its range, it needs to use the intermediate nodes. This technique is
called multi-hope routing, and therefore, MANETS sometimes are called multi-
hope wireless networks. Multi-hop routing technique brings many problems; for
example, by using this technique, each node consumes its energy not only on its
benefit work, but also on other nodes’ work. Since nodes are battery powered,
the probability that some nodes run out of energy will quickly increase.
Moreover, multi-hope technique implies that each node acts as a router, which
means that there are multiple routers available at any time; and as a result the
routing management will be complicated. Other problems of multi-hop are

related to security issue.

MANET is infrastructure-less in its nature where each node acts as an
independent router and produces independent data. Hence, the network model is
fully distributed, and as a result, nodes work in a peer to peer model. Network
management is distributed over all nodes, which complicates not only detection

of faults but also the network management itself.



Due to the arbitrary movement of nodes in MANET, the topology changes
frequently and unpredictably, which leads to the change in multi-hop routing,

packet losses, and network partitions.

MANET network consists of diverse wireless mobile devices such as,
Personal Digital Assistants (PDA), mobile phones, sensor platforms, and laptops.
These devices are different in their processing capabilities and are not only
equipped with different radio interfaces, but also some of them have more than
one radio interfaces which are working at different frequency. As a result, this
may lead to asymmetric links. Consequently, designing network protocols and

algorithms for such heterogeneous networks is more complex.

Wireless Mobile Devices depend on the batteries; such batteries are
limited in power supply, which results in limitation in services and application
that can be provided by each node. Moreover, each node does not consume its
energy only for its own work, but also transfers messages on behalf of other
nodes. Therefore, the issue of energy conversion is bigger in MANET than other

networks model.

Some MANET applications require thousand of nodes. The successful
deployment of such large number of heterogeneous nodes is not easy and
requires many aspects such as, addressing, routing, location management,

security, and others [3].

One solution of the heterogeneity in node capabilities and energy
limitation is to let nodes cooperate to benefit from the resources on all nodes in
the network. Therefore, in this study we design a cooperative energy aware task
scheduling in which nodes that are unable to execute a task, due to processing

incapability or energy limitation can benefit from the resources on other nodes.



1.3 Problem Statement and Contributiens

Energy constrain and dynamic topology are two main challenges of
MANET. Therefore, many researchers studied these two problems in different
protocol layers, for example, studies in [4,5] introduce two power aware routing
protocols, on the other hand, authors in [6,7,8] study power control on MAC

level.

In this study, we tackle the above problems from the perspective of task
scheduling. The main objective of this study is to design a cooperative model for
energy aware task scheduling over mobile ad hoc networks which maximizes the
overall network life time and facilitates the topology management. To best of our
knowledge, this is the first study that manipulates these two issues together. The

main contributions of this study are:

a- Two new innovative techniques are introduced to cope with topology
management in order to reduce the required energy for nodes
cooperation and to orient remote loads to the nodes that have the
highest energy. In the model, the network lifetime is divided into equal
time rounds, at the beginning of each round; one of the techniques listed
below is executed.
1~ Dynamic Server Selection (DSS)

The goal of DSS is to classify the network nodes into servers and
non-server nodes. In addition, the servers themselves are also
classified into servers at level one and servers at level two according
the explained criteria in chapter 3. These servers will be used in the
remote task allocation based on the proposed technique.
2- Clustering Scheme (CS)

The aim of CS is to structure the network nodes into parent nodes
and non-parent nodes. In fact, the parent nodes are divided into
three types of parents; the upper parents, the three hop parents and
the parents. The structure of the network nodes is that the upper

parents are the parents of three hope parents, whereas the three hope

4



parents are the parents of the parents, on the other hand, the parents
are parents of the non-parent nodes. This classification is based on
the energy level of each node.

b- In addition to DSS and CS, we propose two new dynamic energy aware
task allocations. The Energy Aware Dynamic Server Selection based
Task Allocation (EADSSTA), and Scalable Energy Aware Dynamic
Task Allocation (SEADTA). While EADSSTA is implemented over
DSS, SEADTA is implemented over CS,

c- Energy Aware Static Task Scheduling using DSS (EA- STS-DSS) and
Energy Aware Static Task Scheduling using CS (EA- STS ~C8) are two
new energy aware static tasks scheduling which are designed to execute

over DSS and CS respectively.

1.4 Thesis Qutline

The remainder of this document is organized as follows. Chapter 2 gives
an overview over mobile ad hoc networks including challenges, network layer
protocols, and MAC layer. Traditional task scheduling is also reviewed in this
chapter. Chapter 3 is to clarify the aspects of both DSS and CS. Chapter 4
explains the energy aware dynamic task allocations, and it specifically presents
the details of EADSSTA and SEADTA schemes. Chapter 5 details the energy
aware static scheduling EA- STS-DSS and EA- STS —CS. In chapter 6, we
present a comprehensive simulation study of the proposed techniques. We

conclude in Chapter 7, and show some directions of the future work.



CHAPTER 2

BACKGROUND

2.1 Mobile Ad Hoc Networks

In wireless mobile ad hoc networks, mobile nodes operate without the help
of an established infrastructure of centralized administration. Communication is
done through wireless links among nodes that exist in transmission of each other;
however, a mobile node is unable to communicate directly in one hope fashion
with the nodes that stand outside its transmission range, therefore, a multi-hope
scenario occurs, where the packets sent by the source node are relayed by several

intermediate nodes before reaching the destination node [25].

The primary application of MANET were military related, however, with
the rapid advances in MANET researches and the introduction of a new
technologies such as Bluetooth and IEEE 802.11, new applications in different
domain areas have been developed, for example, application for emergency
services, disaster recovery, and environmental monitoring. Table 2.1 shows some

important MANET applications in different areas.



Table 2.1: MANETS applications (taken from [141)

Apptication

Descriptions/Services

Tactical Networks

« Military communication, operations
+ Automated Battleficlds

Sensor Networks

« Home applications: smart sensor nodes and actuators can be buried
in Appliances to allow end users to manage home devices Jocally and
remotely

- Environmental applications include tracking the movements of
animals {e.g., birds and insects), chemical/biological detection,
precision agriculture, etc.

- Tracking datz highly correlated in tfime and space, &.g., remote
sensors for weather, earth activities

Emergency Services

« Search and rescue operations, as well as disaster recovery; e.g., early
retrieval and transmission of patient data (record, status, diagnosis)
from/to the hospital

« Replacement of a fixed infrastructure in case of earthquakes,

hurricanes, fire ete.

Commercial Environments

+ E-Commerce: e.g., Electronic payments from anywhere {i.z., taxi)
« Business:

- dynamic access to customer files stored in a central location on the
fly

- provide consistent databases for all agents

- mobile office

« Vehicular Services:

- transmission of news, road condition, weather, music

- local ad hoc network with nearby vehicles for road/accident

guidance

Home and Enterprise
Networking

+ Home/Office Wireless Networking (WLAN) e.g., shared whiteboard
application; use PDA to print anywhere; trade shows
« Personal Area Network (PAN)

Educational applications

« Setup virtual classrooms or conference rooms
» Setup ad hoc communication during conferences, meetings, or

[ectures

Entertainment

« Multi-user games
+ Robofic pets
= Qutdoor Internet access

Location aware services

« Follow-on services, e.g., automatic call-forwarding, {ransmission of
the actual workspace to the current location

« Information services

- push, e.g., advertise location specific service, kike gas stations

- pull, e.g., location dependent travel guide; services (printer, fax,
phone, server, gas stations) availability information




2.1.1 MANET Issues

Due to its dynamic topology change, wireless links, and multi-hop routing,

MANET brings many new issues to the computer network design. These issues

are currently hot research areas. In this section, we present some of the problems

related to MANET.

Transmission Control protocol (TCP) is a connection-oriented
transport control protocol which provides the essential flow control
and congestion control required to ensure reliable packet delivery.
The multi-hop mobile networks introduce new challenges to TCP
protocol, such as impact of mobility and TCP congestion window

size, and nodes interaction MAC layer.

The mobility of nodes leads to the frequent and unpredictable
change in the network topology; consequently, routing

management is difficult and complex in such networks.

Vulnerability of channels and nodes, absence of infrastructure, and
dynamically changing topology make ad hoc networks’ security a
difficult task, in addition that the broadcast wireless channels allow
message eavesdropping and injection. Due to the absence of the
infrastructure, the classic security methods are inapplicable in

MANET [24].

The characteristic of all the network components specify the type
of Quality of Service (QoS) that the network can support. Since
Wireless links have a low and highly variable capacity, and packet
loss, in addition that topology is highly dynamic change, QoS in
MANET needs many problems in different layers to be addressed.



2.2 The IEEE 802.11 (WiFi)

“The development of IEEE 802.11 facilitates the deployment of wireless
LAN. You can see wireless networks in many places such as cafes, airports, and
educational institutions. The 802.11 specifies two modes of MAC protocol, the
Distributed Coordination Function (DCF) mode (for ad hoc networks) and Point
Coordination Function (PCF) mode (for centrally coordinated infrastructure-
based networks). There are many 802.11 standards for wireless LAN technology;
the important three ones are 802.11b, 802.11a, and 802.11g. they share many
characteristics. They all use the same medium access protocols Carrier Sense
Multiple Access with Collision Avoidance CSMA/CA. each station senses the
channel before transmitting, and refrains from transmitting when the channel is
sensed busy. In addition, they use Request To Send RTS and Clear To Send CTS
reservation scheme that helps avoid collisions, also they use link layer
acknowledgement scheme for each frame. Moreover, all three are able to reduce
their transmission rate in order to enlarge their recover distance. Although they
are shared in many features, they are different in their physical layer (data rate

and frequency rate) [24, 71].

2.3 Routing in Mobile Ad Hoe Networks

The frequency and unpredictability of node mobility in MANET lead to
the dynamic topology, therefore, traditional routing protocols, which are
designed to work on the wired and fixed network, are inapplicable for the
MANET. In literature, numerous MANET routing protocols have been

developed and their performance also has been studied under different conditions

[1].

Routing protocols can be classified in several ways, for example,
according to the way by which they forward the messages, i.e. weather they use
unicast, geocast, multicast, or broadcast. Another way of classification is to

divide the routing protocols to topology-based and position-based approaches
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[3]. Topology-based routings are further divided into proactive, reactive, and

hybrid protocols.

2.3.1 Proactive Routing protocols

These protocols are developed based on the mechanisms used by the
traditional routing protocols, distance-vector and link-state protocols to keep
track updated routing information to any node in the network. to get these
updated information, each node propagates routing information message in the
network continuously during a fixed time interval. Since routing information is
updated regularly and maintained in routing tables, these protocols sometimes are
called table-driven-protocols. Proactive protocols show minimum delay when the
routing information is needed, however, they consume high energy and decrease

the network capacity, due to the updating routing table continuously.

The Destination-Sequenced Distance-Vector (DSDV) protocol [19] is an
extension of the traditional distance-vector protocol in order to make it suitable
for MANET. Each node keeps a routing table includes one entry for each
possible destination with the shortest path (based on the number of hops) to reach
it. Moreover, each entry is assigned with the sequence number generated by the
destination node, in addition, each node increment its sequence number
whenever a change occurs in its neighborhood. To avoid loops, each node

selects the router with the highest sequence number.

Another proactive protocol is the Optimized Link state Routing (OLSR)
[20] , which is developed based on the legacy link state protocols. OLSR reduces
the size of control packets by broadcasting only subset of the neighboring links.
These subset nodes are called Multipoint Relays (MPRs). Each node selects
some nodes (from its one-hop neighbor) that cover all its two-hop nodes to work
as it MPR, which is updated over the time. The Topology Broadcast based on
Reverse Path Forwarding (TBRPF) [21] protocol is an another example of the

link state routing protocols which reduces the overhead of control packets by
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making each node computes its shortest path tree to nodes in the network,
however, to save the bandwidth , the node broadcasts only part of its tree to its

neighbor nodes.

The Source Tree Adaptive Routing Protocol (STAR) [22] allows the route
to be non-optimal to save the bandwidth, therefore, it does not use periodic
message to update the routing table, and instead, it depends on the underlying
protocols to maintain the neighboring nodes. The reliable broadcasting is
required to implement STAR. This service is either provided by the link layer or
it is built within the STAR itself. The wireless Routing Protocol (WRP) [23] is a
table driven protocol in which each node in the network keeps four tables:
Distance table, Routing table, Link-cost table, and the Message retransmission
List (MRL) table. Each node gets the changing information of all links by
exchanging update messages among all neighbors’ nodes. WRP breaks the

routing loop by using the shortest path to each destination.,

2.3.2 Reactive Routing Protocols

Contrast to the proactive routing protocols, reactive routing protocols build
the routing to the destination only when it is needed. The node enters to the route
discovery process by initiating the route request message in the network, once the
route has been built, the nodes becomes ready to send packets. Moreover, the
node keeps route information until either the destination is no longer accessible,
or until the route is expired. The main advantage of the reactive protocols is that
they use much less bandwidth than the proactive protocols; however, they show

high delay to the routing request,

The Dynamic Source Routing (DSR) [24] forwards packets from the
source to the destination based on the routing information carried by each data
packet. The routing information is injected into the header of each data packet by
the source node, Each node keeps route caches which consist of source routes

that the node has learned. The route caches are updated when new route
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information receives the node. When a node has a packet to send, first, it checks
its route caches to see whether it has valid route information to the destination.
Route discovery process is initiated only if the node does not have valid route

information.

The Ad hoc On-Demand Distance Vector (AODV) [26] is an improvement
of both DSDV and DSR. It minimizes the number of route broadcasts by creating
routes on-demand similar to DSR; moreover, unlike DSDV which keeps the

complete list route; AODYV keeps only part of the complete list route.

The Temporally Ordered Routing Algorithm (TORA) [27] is one of the
reactive on-demand routing protocols which is built based on the concept of link
reversal. It is designed to minimize the effect of the topology change when a
change happens in some place. The control message that reflect this change is not
sent fo all nodes, instead, it is sent to only small set of nodes near the change.
TORA provides multiple paths from source/destination pair, this property makes
it appropriate for the environment with large number of nodes and highly

dynamic change.

The ABR [23] is another reactive routing protocol which depends on a
new metric to select a router. This metric is called degree of association stability,
the idea is that ABR ftries to select the long-live router which is stable and does
not need more updates subsequently. The main drawback of ABR is that it uses

periodic messages to build the association stability metrics.

2.3.3 Hybrid Routing Protocols

Hybrid routing protocols try to bring the advantages of both proactive and
reactive protocols together. They use the proactive methods to send routing
information to the close nodes; on the other hand, they use reactive technique to

get routing information to the distance nodes.
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The Zone Routing Protocol (ZRP) [24] defines a zone area around each
node based on some selected number of hops. ZRP uses proactive mechanism fo
forward message inside zone and reactive techniques to forward messages

outside the zone.

The Fisheye State Routing (FSR) [23] is an optimization link-state
algorithm which distributes the link state information in the network based on the
scope term which is defined by the number of hops. The protocol exchange link-
state information frequently in the closer scope, however, it exchanges

information less frequent to the nodes that stand further away.

Landmark Ad hoc Routing (LANMARK) [1] divides the network nodes
into different mobility groups, one called landmark is selected in each group to
maintain in which group each node is a member of, and coordinate inter-group

routing, on the other hand, FSR is used for intra-group routing.

2.3.4 Location-Aware Routing (LAR)

Location Aware Routings (LAR) come to avoid the routing information
request messages used by proactive, reactive, and hybrid protocols. LAR depend
on the availability of node information location services, for example, Global
Positioning System (GPS). Usually the sender node uses the location service to
get the location information of the destination node; moreover, the sender adds
the destination location information to each packet. Depend on the location
information of both destination and its one hop neighbors, the sender node selects
the next one hope forwarding node. The intermediate receiver nodes use the
destination location information included in the packet and the physical location
of their one hope neighbors to compute the next one hope forwarding node. The
disadvantages of LARs are that they depend on external services and assume that

each node has additional hardware equipment.
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LARs use three methods for forwarding packets: greedy forwarding,
directed flooding, and hierarchical routing [23 ]. In greedy forwarding algorithm,
nodes try to forward packets to one of their neighbor that is the closest to the
destination node. One of the mechanisms that is used when more than one closer
exist is the Most Forward within Radius (MFR) policy which forwards packets to
the node closest to the destination. The nearest with Forward Progress (NFP)
sends the packets to the node that closer to the sender, another method is the
compass routing scheme which forwards packets to the neighbor that is closer to
the straight line joining the sender to the receiver. While GPRS and the Face
algorithm [23] use MFR scheme for selecting the next node, The Geographical
Distance Routing (GEDR) [23] uses the MFR and the compass routing scheme.

In Directed Flooding, nodes forward the packets to all neighbors that are
located in the direction of the destination, DREAM and LAR [1] are two
algorithms that use this technique. In Hierarchical routing, routing is structure in
hierarchical layers in order to scale the network. Terminode routing [1] and Grid
routing [23] protocols are two types of the hierarchical routing in which routing
is achieved by using proactive distance vectors scheme, however, for the long

distance node, they use a greedy position based approach.

2.4 Energy Awareness Related Work

Mobile nodes depend on the carried batteries in their work. These batteries
are limited in power supply; therefore, many researches try to develop techniques
that aim to prolong the battery life. In this concern, several hardware and

software methods have been introduced.

2.4.1 Hardware Techniques

Many hardware components of mobile node consume the energy. One

solution to decrease the energy consumption is to design these devices to work
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with low energy. In general, two hardware techniques can be used for this sake;
the first is to have an automatic switch off for the idle device in order to save
energy, whereas the second method works in the Dynamic Voltage Scalable
(DVS) processors. DVS processors have different speed levels which can be
configured by changing the supply voltage. Based on the application

requirements, the processor’s speed is manipulated accordingly [28].

In [29, 30, 31, 32] the authors Study the variable voltage scheduling of
DSV processors to minimize the energy consumption by adjusting the voltage
and frequency of the processor, on the other hand, studies in [33, 34] present a
either a hardware turned off, or decrease the load in components that have low

energy.

Some other studies combine between software methods and hardware
techniques, for example, Study in [35] proposes five méthods to decrease the
energy consumption of clustering web servers that use DSV processor.
According to the load, the web servers are turned off or work in low voltage.
While study [36] presents a method to shut down the devices when they are
waiting for events (blocked state), such as waiting for input data or user to press
a key, the authors in [31,37] Describe software approach to disk driver spin
down/spin up to decrease the energy consumption by the disk. The approach in
[54] orders task execution such that different components of a mobile computing

device can have longer idle periods to be shut down.

2.4.2 Software Techniques

Many efficient software protocols have been designed to work in different
layers in order to reduce the energy consumption. Power aware routings have
been proposed in [4, 5] in which power aware metrics are used for determining
routes. Study in [53] uses the compiler loop optimization techniques and voltage
scaling methods to generate energy aware code. In [56], the authors propose a

power-aware message scheduling algorithm for real time system; the basic idea is
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that the base station receives real time requests from clients. To conserve energy,
the base station tries to schedule replies in a manner that satisfies real time
requirement and conserves energy. In [58] the authors introduce an energy-aware
adaptation technique, which depend on the dynamic balancing of application
quality and energy conservation, However, this method often requires application

fidelity to be significantly degraded [59].

2.4,2.1 Energy Aware Task Scheduling Over MANET

One of the recent software methods is the energy-aware task scheduling, in
which the tasks are scheduled by taking their energy (execution and
communication) into account. In the recent years, a significant amount of work
has been done in this field and new computing paradigms have been developed
by researchers. In this section, we classify the energy aware tasks scheduling as
follows: energy aware task scheduling using DVS processors, energy aware task
scheduling inside mobile clustering, Computation offloading (remote execution),

and cooperative computing model. The following sections discus these models.

2.4.2.1.1 Energy Aware Task Scheduling Using DVS Processors

In [28,55], the authors propose a two-phase real time dynamic task
scheduling algorithm for the battery operated DVS system in order to maximize
both, the residual energy and the battery voltage. This proposal is valid for single
processor systems, on the other hand, study in [57] Proposes low power real time
system-on-chip task scheduling based on dynamically variable voltage,
moreover, it addresses the selection of the processor core and the determination
of the instruction and data cache size and configuration so as to fully exploit
dynamically variable voltage hardware. Study in [60] introduces an energy-aware
task allocation scheme for parallel applications on heterogeneous embedded

systems whereas the authors in [61] propose an energy-balanced allocation of a
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real-time application onto a single-hop cluster of homogeneous sensor nodes
connected with multiple wireless channels, and each sensor node is equipped

with discrete dynamic voltage scaling (DVS).

Aperiodic and periodic static task scheduling for a single and a
multiprocessor DVS system was proposed by [62], this study introduces a
heuristic algorithm based on the distribution of the available task’s slack, in order
to decrease the cost function. In the same line, the study in [63] focuses
on/considers two problems, the minimizing scheduling length with energy
consumption constrain and the minimizing energy consumption with scheduling
length on DVS multiprocessor computers. It presents an analytical comparison
on the performance, proposes optimal solutions, and verifies the results

experimentally.

2.4.2.1.2 Energy Aware Task Scheduling in Mobile Clustering

In [64] the authors define the mobile cluster as a collection of mobile and
non-mobile nodes, which can communicate via wireless networks or high
performance networks in order to collaborate in their work. This study also
makes a general explanation of the hardware and software components and some
applications of mobile clusters. On the other hand, the study in {65], proposes a
mobile clusters which consists of mobile and stationary nodes. The nodes are
grouped based on their interest tasks and each group has a coordinator which is
responsible for managing the membership of each group. The model in [66]

extends the model in [65] by adding the issues related to the mobility.

Study in [2], introduces two energy aware duplication-based task
scheduling in the homogenous mobile cluster environment. The objective is to
reduce the communication energy. However, although it studies the mobile

cluster, cluster formation is not considered in this study.
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2.4.2.1.3 Computation offloading (remote execution})

In the computing offloading paradigm, the system consists of two types of
nodes, the first are the full power stationary nodes (stations). The second are the
mobile devices which are powered by batteries. These mobile devices send their
work to one of the full powered station when they face shortage in their recourse
(energy). This method is hoped to improve not only the energy consumption, but

also the performance [67].

2.4.2.1.4 Cooperative Computing Model

The concept of cooperation is an essential issue in MANETSs. Each node
relies on other nodes to route their packets to the nodes that stand outside its
transmission range. Another type of cooperation is the one in upper layers
protocols. Many research groups have introduced the concept of the cooperative
computing models, in which the limited-resource device can benefit from the

available resources in the nearby devices.

Energy-aware tasks scheduling, in the cooperative cdmputing model, have
been studied by many researchers. In [68, 69, 70], the cooperation computing
model was studied over the mobile wireless terminals which were connected by a
short range. The main idea is to distribute the load (tasks) among the terminals
which have a low performance speed by using the DVS techniques. This will, in
turn, maintain a considerable save in the overall consumed energy. Moreover, in

this technique, the task’s time constraint is also satisfied.

Study in [18] presents an energy-aware dynamic task allocation scheme
over a cooperative MANET. That is, tasks arrive at each node dynamically.
When a task faces processing and/or energy inefficiency at a node, it is
transferred to another node in the network such that the total cost is minimized.
The scheme tries to minimize both time and energy. Moreover, it allows varying

weight of time and energy in the cost function when different applications have
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different constraints on time or energy. For example, if an application is more
delay constrained, the time metric can be given a higher weight in the cost
function, and if an application is more energy constrained, the energy metric can
be given a higher weight. The problem is formulated by the following objective

function:

F(i) = Min [al * F1(PT}) + 02 * F2(Qj)+ a3 * F3(Comm[ij])+ ¢4 * F4(E],
Cj)+ oS * FS5(Ecommij])] fori,j=1,2...n, j#i.

where af, a2, a3, a4, a5 are variable coefficients, 7 is a function of task
processing time on node 7, F2 is a function of task queuing time at node j, F3 isa
function of communication cost of sending a task from node 7 to node j, F'4 is a
function of battery level on node j, and F5 is a function of energy consumption of

sending a task from node 7 to node .

As a node needs to communicate to all nodes in order to perform remote

execution, this results in:

a- Consuming a lot of energy by the sender to send a request to all nodes even
though the sender uses broadcasting or multicasting techniques.

b- The sender waits long time to receive replies from all nodes.

¢- Sending node receives many replies which may lead to overwhelm it.

d- After receiving replies from all nodes, the sender consumes a lot of energy in

computing the best node to send it the task.

e~ This study does not consider the network lifetime.

The study in [15] formulates the energy-aware scheduling problem and
proposes a heuristic algorithm to solve it. The scheduling algorithm schedules a
set of computational taské, which may have dependencies and communication,
into a set of heterogeneous processors in such a way that minimizes both the total
consumed energy and the makespan (i.e., the time by which all tasks complete

their execution). The problem formulated as follows:
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Given a task model T and a processor model P, find a schedule S that maps
each task to a processor and determines the starting time of each task in such a
way that minimizes the following cost function:
Cost = A makespan + f3 total_consumed _energy
- makespan is the time by which all tasks are completed.
- total consumed energy is the sum of energy consumed by task
execution and inter-processor communication.
- A (token/time unit) and B (token/energy unit) are system attributes
representing relative importance weights between timing requirements
{performance) and energy conservation. 4 and f are also used to map time

units and energy units to generic cost unit, namely, cosf fokens.

The above study only formulates the energy problem and does not study
the topology management and the way by which the nodes cooperative.

Moreover, the study does not consider the network lifetime.

2.5 Clustering in MANETs

A clustering is a technique which is used to divide the mobile nodes into
some groups according to some criteria, such as, node energy, connectivity and
so on. Clustering is a good method for the dynamic topology management and
achieves a better performance in the topology with large number of mobile nodes
[38]. Clustering provides many benefits for MANET, for example, nodes inside
each cluster can save their transmission energy which results from collision by
coordinating their transmission with the help of a specific node called cluster
head. Moreover, cluster technique enables the spatial reuse of frequencies, for
example, two clusters that are not neighbored can use the same frequency. In
addition, clustering facilitates the information routing among nodes by using the
cluster head and gateways nodes [9]. Clustering also simplifies the mobility
management, for example, if one leaves it cluster and attends to another cluster,

only nodes in these two clusters are needed to update their information [39].
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Although clustering gives many benefits to MANET, clustering
maintaining in dynamic topology is not easy and needs exchanges some
messages among mobile nodes, therefore, if the change in topology is high, this
may lead to the increase in the messages related to the clustering maintenance
which consumes considerable bandwidth and drains the node energy [40].
Another drawback of the clustering is the rebuild of cluster over the whole
network. Some clustering schemes require that the cluster has to rebuild overall
network when some events take places such as, a movement or a death of a node.
This problem is known in the literature as the ripple effects of re-clustering [9].
Some cluster schemes generate clusters with more than two-hops; however, the
management of such clusters is complicated, especially, in high mobility
environment [38]. Most clustering schemes divide the required time of clustering
formation in two phases or more. In addition, they assume that the nodes do not
move during the period of formation. Since the mobility of nodes is not known,

prolonging the formation period makes some schemes inapplicable [9].

2.5.1 Clustering Classification

Clusters can be classified according to many factors, such as; the numbers
of hops that separate each pair in a cluster, in this sense, clusters are divided in to
one hope, two hops, and multi-hopes clusters. Another factor of classification is
whether there exists a special node called cluster head or not. Moreover, the
objective of clustering is another way to classify clustering, based on these
criteria; clusters are divides into many types, such as, energy aware, mobility
based, load balancing and so on. In this section, we use the objective based

method to classify the clusters.

Dominating-Set-based clustering (DS) algorithms [41, 42] try to find
connected dominating set nodes in MANET. A set is DS if all the nodes in the

system are either in the set or neighbors of nodes in the set. DS nodes are used as
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routing nodes in order to reduce the number of nodes that maintain the routing

table. Such algorithms are proposed and discussed in [9, 39, 41, 42, 43].

Another type of clustering algorithm are the low-maintenance clusters
which aim to provide a stable infrastructure for the upper layer protocols by
reducing both the re-clustering times and the explicit messages for cluster
maintenance, examples of such algorithms are in {40, 44, 45, 46]. In mobility
aware clustering algorithms, nodes are divided into groups by putting the nodes
that have similar mobility pattern in one group with the hope to improve the

stability of the cluster structure against the node mobility [38, 44, 47].

The objective of the energy aware clustering algorithms is to prolong the
network life time by avoiding the unnecessary energy consumption and
balancing the energy consumption among nodes [9, 48, 49]. Load balancing is
another clustering technique which aims to distribute the load among many nodes
in the network in order to balance energy consumption [48, 50]. Multilayer
cluster is a way by which the network nodes are clustered in hierarchy layers and
assigned different jobs to each layer, for example in [51] multilayer clusters are
used to facilitate the service discovery in MANET. Some other methods group
the nodes based on more than one metric, such as, energy and mobility, in
addition, each metric is given a different weight depending on the upper layer

application requirements [52].

2.6 Scheduling Problem

The scheduling problem, in its general form, can be described by the
availability of set of resources and a set of consumers that want to use the
recourses according to a certain policy. The primary objective of the scheduling
is to find an efficient policy for managing the assignment of the recourses to
various consumers to optimize some desired performance measures, such as,

scheduling length, resources utilization and so on [11].
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In parallel and distributed programming the scheduling problem aims to
schedule processes on to multiple processing units in order to improve the
performance and efficiency of the system and the application. Scheduling
techniques can be divided into local and global methods. Local scheduling is
used in single processors to divide the processor time slices among concurrent
processes, on the other hand, the global scheduling deals with the assignment of
task on to multiple processors [12]. Our attention here is paid to the global

scheduling.

The main things that affect the mapping processes into multiple processors
are the processes interactions, in this sense, the interactions among processes can
be divided into three types, the precedence process model, the communication
process model, and the disjoint pfocess model, these models are depicted in Fig
2.1. In the precedence process model as illustrated by Fig 2.1(a), processes are
represented by a Directed Acyclic Graph (DAG). While the vertices represent the
processes, the edges in the graph indicates the precedence relationships between

processes and may show communications overhead if the processes connected by

O

O O
O

(a) Precedence (b) Communicati (c) Disjoint
Process on Process . Process

an edge are assigned to different processes.

Figure 2.1: Interaction Process
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Fig 2.1(b) shows the communication process model, where processes are
created to coexist and communicate asynchronously, and the undirected edges
indicate only the need for communication between processes. Since the execution
time is not sequenced in the model, the objective of scheduling may be to
optimize the total cost of communication and computation. The disjoint process
model in Fig 2.1(c) shows that the interaction between processes is implicit,
therefore, the processes can be run independently. Processes are mapped to the
processors to maximize the processors utilization and minimize the overall

completion time,

Scheduling in parallel processing is divided in to two main types, the static
scheduling and the dynamic. In static scheduling, which is called also
deterministic scheduling, information related to the task precedence is known
before the scheduling decision is taken, moreover, the mapping of processes to
processors is determined before the execution of the process. When the task
graph topology is not known before the program execution, the parallel processor
system must schedule the tasks during the execution time, this is known as the

dynamic scheduling.

2,6.1. Static Scheduling

To formulate the scheduling problem, we need to describe the parallel

program tasks (consumers), the target machine (resources), and the cost function

f11].

Task Model T

Task model is a graphical or mathematical representation that describes all

characteristics of the tasks to be scheduled.
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In [12] the authors give the following general model of the scheduling

problem.
Task
T=[Ti,..., Tn] is a set of task to be executed.

- < is a partial order defined on T which specified the precedence
constraints. that is, Ti<T; means that T; must be completed before T; can
begin. |

- Dy is an nxn matrix of communication data, where Dj; > 0 is the amount
of data required to be transmitted from task i to task j, 1<i, j<n.

- ETj is an nxm matrix, where m is the number of processor and ET(i,j) is

the required execution time when task i is executed on processor j.

Processor

- P=[Py,..,Pn] is a set of processors available on the system.
- CT is an mxm matrix, where CT(i,j) is the amount of time required to

send one unite of data from processor i to processor j.
Cost Funetion C
C=Makspan
C= execution_time + communication_timé.

Where makspan is the time by which all tasks have completed their
execution, execution_time is the total amount of time spent for the execution of
all the tasks, and communication_time is the time spent for interaction among

tasks that assigned to different processors.

Static process scheduling has been proved in literature to be NP-complete.
However, some very restricted cases such as scheduling task with unit time
execution on processor model, have known polynomial time as showed in table

2.2 [12]. Therefore, most researches are directed toward sub-optimal (heuristic or
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approximate) techniques. A good heuristic algorithm is one that can best balance

and overlap computation and communication.

Table 2.2: Complexity comparison of scheduling problem. (taken from [12})

Task Graph Task Execution | Number of Complexity
Time Processors

Tree identical arbitrary O(n)

arbitrary identical 2 om®)

arbitrary identical arbitrary NP-complete

arbitrary 1 or 2 time units | >2 NP-complete

arbitrary arbitrary arbitrary NP-complete
2.6.2 Dynamic Scheduling.

In the absence of knowledge about the computation and the
communication, we have to rely on an ad hec scheduling strategy that is dynamic
and allows its assignment decisions to be made locally. The objectives of the
scheduling are the utilization of the system and the fairness to the user processes.
To achieve load sharing and balancing in dynamic scheduling, tow process
transfer are used: sender- initiated, receiver- initiated, and sender-receiver-

initiated [11].

2.6.2.1 Sender-Initiated Algorithm

In this method, the sender process that wishes to off-load some of its
computation initiates the algorithm. The load distribution from heavily load

sender to a lightly loaded receiver requires three basic decisions:
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- Transfer Policy: If the quene sizes are the only indicator of the workload,
a sender can use a transfer policy that initiates the algorithm detecting
that its queue length has exceeded a certain threshold upon the arrival of

new process.

- Selection Policy: The newly arrived process would be a natural candidate
for the selection policy since no preemption is necessary for removing the

process. A sender must probe other nodes to decide on a suitable receiver.

- Location Policy: A simple probing strategy is to poll a certain number of

nodes one a time and select the node with the smallest as a target receiver

[11].

The sender-initiated algorithm works better when the load in the network

is not high; in this case, it is easy for the sender to find a receiver.

2.6.2.2 Receive-Initiated Algorithm

A receiver can pull a process from others to its site for execution. The
receiver-initiated algorithm can use the same transfer policy method which starts

the pull operation when its queue length falls below a certain threshold.

It is possible to combine the two algorithms together, for instance, a node
can start the sender-initiated algorithm when its queue exceeds the threshold, on
the other hand, it can activates receiver-initiated algorithm when its queue falls

below the threshold [11].
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CHAPTER 3

TOPOLOGY MANAGEMENT

In the light of existing research in the field, the concentration of our work
is shifted towards developing new approaches for topology management and task
allocation. In this chapter, we cover topology management. We present two new
cooperative computing techniques, Dynamic Server Selection (DSS) and
Clustering Scheme (CS) for the topology management over MANETSs. The main
objective of DSS and CS is to classify the nodes into servers and non-servers,
based on the energy of the node. In order to make this classification, the node’s
energy is compared to that of other nodes which stand a distance of at most three-
hops from it. This restriction simplifies the selection scheme and reduces its
energy consumption and required time, thereby reducing the overall selection
cost [9]. Before starting the discussion of the schemes, some definitions need to

be introduced to make a solid understanding of the system model.
Definition 3.1: Node Accessibility

The relation i = j describes single-hop accessibility between node 7 and

node j. We assume that the link between any two nodes is symmetric, therefore,

if i=> j then j = i; represented as j <> i . Multi-hop accessibility between two
P
nodes 7 and j (i<>j), is given iff node ie N is currently able to send

0
information to node j via p hops connection. Hence if /< jis given, then i=j.
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Definition 3.2: Neighborhood Relationship

Node j and node 7 are called neighbors iff they both belong to the same

network and are capable of sending information to each other via a single hop

connection. This relationship is expressed as: 2/ €N AT 7 To denote the
neighbors of node 7, we say: Neig(i}={...}, where the right side is the set of the
neighbors of node i. If i has no neighbors, then Neig(i)=¢ or { }.

Definition 3.3: Network lifetime

Without losing generality, the lifetime of the network is the time until the

first node dies.

3.1 Dynamic Server Selection (DSS)

We will use the simple topology illustrated in Fig. 3.1 to explain the
selected algorithm. The line that connects any two nodes indicates that they can
hear each other, and the numbers signifies the energy level of each node. For
simplification purposes, these numbers are used in our explanation as the names

of the nodes. Selection scheme consists of five steps:

1- At first, neighboring nodes exchange information about their energy
levels, the fact that, in turn, enables each node to collect information

about its neighbors.

2- Each node compares its energy level to that of its neighbors. If it
possesses the highest energy level among its neighbors, the node
selects itself to be a server node, otherwise, it does nothing. For
instance, in Fig. 1, the neighbors of node 50 are 25, 30, and 20. Since
node 50 has the highest energy level among its neighbors, it selects

itself as a server node. In contrast, node 55 cannot be a server node,
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because it has two neighbors with higher energy levels, being 60 and

70.

70
@

o
-

sSS

© co

Figure 3.1: Simple MANET Topology

At this stage, i.e. when the server nodes are selected, the network is
divided into two types of nodes: server and non-server nodes. In our network,
nodes 70, 60, 50, 45, and 40 are server nodes, whereas the others are non-server

nodes. As depicted by Fig.3. 2.
Definition 3.4: Server Node

Node (i) is a server node iff E; > E; Vk €Neig(i). We use S; to indicate

that node (3} is a server node.
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@60

0 Non-Server node
@ Server node

Figure 3.2: Server and non-server nodes

3- At this step, each server node broadcasts a message to its neighbors to
announce itself as being a server, For instance, in Fig. 3.2, node 55

will be informed about the servers 60 and 70.

In the following two steps, servers divide themselves into two categories:

Servers at level one and servers at level two.

4- When a non-server node receives a message from one (or more) server
node(s), it broadcasts the name of the server with the highest energy
level to its neighbors. For example, node 55 broadcasts the name of

server 70, while node 25 broadcasts the name of server 50.

Notice that after this step, each server has been informed about the servers
that are three or less hops far from it. For example, server 60 has been

informed about server 70, and vise versa,
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5- Each server compares its energy level with that of all the known
servers. In the figure above, server 70 compares its energy level with
server 60, and since it has a higher energy level, it selects itself as
server at level one. On the other hand, server 60 compares its energy
level with server 70, and selects itself as server at level two. In the
same way, servers 45 and 40 are at level two, whereas server 50 is at

level one as showed by Fig. 3.3.

®?O

o Non-Server node

@ Server node at level one

Seiver node at level tivo

Figure 3.3: Servers at level one and servers at level two
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Definition 3.5: Server at Level One

P33
Node (i) is a server at level one iff E, >Ej, Vj =i we use §j to denote

that node () is a server at level one.

Definition 3.6: Server at Level Two

Node (i) is a server at level two iff:

p<3 )
(E, >E;,Vje Neig)n(Fk< i, E, > E;) We use S to denote that

node (i) is a server at level two.

The main differentiating point between “servers at level one” and “servers
at level two” lies in the remote load they can receive. In this sense, a restriction is
put to their remote load. Since servers at level one have higher energy levels than
those of servers at level two, their threshold of the remote load is greater,

implying that servers at level one will receive more remote load.

3.2 Clustering Scheme (CS)

Clustering scheme structures the nodes in the network with a siblinghood and
parenthood relationship hierarchy. The simple topology illustrated in Fig. 3.4 will
be used to explain the clustering algorithm. Clustering algorithm consists of two

main phases:
Phase 1

1- Neighbor nodes exchange information about their energy levels. Each
node tends to select the neighbor with the highest energy to be its
parent. To express the parenthood relationship between 7 and j, the

symbol i —> jis used, showing that j is a parent of 7. On the other
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hand, the relationship of the node with the other remaining
neighboring nodes is called siblinghood relation. We use (i — j) to
denote that / and j are siblings. Fig. 3.5 shows a topology in which
nodes are connected by parenthood relationship (single arrow line) and

siblinghood relationship (line).

At this stage, it is important to know what the real functions of a parent
and a sibling are. These functions are explained in Definitions 3.7 and 3.8,

respectively.

60

100 80

Figure 3.4: Simple MANET Topology

Definition 3.7: Parent Function

The parent function can be defined over N nodes as follows:

p(i)={j where j € Neig(i) and (&> E¢ ¥ k €Neig))}  (3.1)
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The parent function can also be expressed in terms of a child function (ch).

In other words, p(7)=/, is equivalent to ch{j)=i.

Definition 3.8: Sibling Function

The sibling function can be defined over N nodes as follows:
s()y={j where j € Neig(i) and p(i) #; and p(j) #i} 3.2)
20

66

\ 25 65 /
7
47
55 @
ag 20

L

1

Figure 3.5: Parenthood and Siblinghood relationships between nodes

2- In this step, each node broadcasts its parent’s information to its
neighbors, the fact that allows each node to collect information about
all its neighbor’s parents.

3- When the node gets information about all the parents that surround it,
it chooses the one with the highest energy level and broadcasts the
information about it. After that, each parent builds a vector that
contains all the parents that it has known. Fig. 3.6 reveals this fact by a

list of parents shown by at parent.
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Notice that in Fig. 3.6 the nodes 80 and 65 are parents of nodes 35 and 25,
respectively. Yet, because they also play the role of a child for nodes 100 and
110, respectively, they did not build a vector about the parents of their neighbors.

21 [77, 80, 75]

51 &

”

[75, 79,70]
" 95

Parent Node
100 e @ Child Node

T [80]

Figure 3.6: Each parent with its collected information

Phase 2

In order to choose its upper parent, each parent selects the parent with the
highest energy level from its vector. For example, parents 75 and 70 choose
parents 110 and 95 to be their upper parents, respectively. This convention is

shown in Fig. 3.7.

These parents are then called intern parents, and P;, denotes the set of
those intern parents, whereas the set of upper parents are denoted by Pypp. Note

that each upper parent is also an intern parent; however, the inverse is not true.
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5 [75, 73,70]

Intern Parent Node
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62 E : O Child Node
100 80

@ Uppet Parent Node

Figure 3.7: Intern Parent and Upper Parent nodes

Hence, upon accomplishing this algorithm, the nodes can be divided into

four classes:

- Child nodes: Those that have direct parents

- Parent nodes: Those that have direct children and direct parents
- Intern parents: Those that have upper parents

- Upper parents: Those that do not have any parent.

Fig. 3.8 shows the child nodes, parents, intern parents and upper parents.
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20 [77,

3%

(110,85, 70]

to

35

Intern Patent Node
@ Child Node
53 © 60
' 100 80 @ Uppet Patent Node

@ Patent Node

Figure 3.8: Intern Parent, Upper Parent and Parent nodes

Definition 3.9: Upper Parent Function

The upper parent function can be defined over N intern parent as follows:

ps3 ps3
Jije BNl HINE, >E VkeF, ANick)

ps3

i(E)2E, VkeP nick)

Pyp(D)= 3.3)

If p,,, (=i, then i is called upper parent.
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As mentioned in phase 1, an intern parent with its children constitutes a
cluster. Therefore, in order to distinguish these clusters from the clusters of upper

parents, they are called intern clusters.

Definition 3.10: Intern Cluster

The intern cluster is denoted by Cj,, meaning that the intern cluster of the
intern parent 7, Cy,(7), is the group of nodes with their children that share node i as

a common parent. Therefore C;,(i) is defined as:
C,()=4{j, ko 0LV ) Kk, n, (3.4)
Such that P(j) = iANPk) =i N ... AN Pm) =1,
For example, in Fig. 3.8:
Cin(77)= {77,66,47}, Cin(79)={79, 63}, and Cio(75)={75}.

At this point, it can be said that each upper parent with its children and
intern parents constitute a cluster. Fig. 3.9 shows each upper parent with its

cluster.

Definition 11: Upper Parent Cluster

The cluster of upper parent i, Cy,(7), is the set of all intern clusters whose

upper parent is 7:

Cop D =C,(NHUC,(K)Y..wC(n),Vj,k,.n (35
Suchthat p,,, (/)= iA P, (K)=iAn . Apy (n)=1i.

For example, in Fig.3.9, Cupp (95)=C, (95w C,-,, (79w C,(70)
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Definition 3.12: Set of all Clusters

The set C of all clusters is defined as follows:
C=C,HvwC, (Hu..u Cupp (n) (3.6)

Where i, j,.. n € P

upp

For example, in Fig. 3.9, C = C,, (110)v C,, (100 ) C,,, (95)
20 [77, 80, 75]
3 = 110

(110,85, 7

Intem Parent Node
. Q Child Node

53
@ Upper Parent Node

@ Parent Node

Figure 3.9: Upper parent’s clusters
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CHAPTER 4

ENERGY AWARE DYNAMIC TASK
ALLOCATION

In this chapter, we present two energy aware dynamic task allocations
called the Energy Aware Dynamic Servers Selection and Task Allocation
(EADSSTA) and Scalable Energy-aware Dynamic Task Allocation SEADTA.
The objective of these two algorithms is to minimize both tasks execution time

and energy by using the proposed topology management techniques DSS and CS.

4.1 System Model

The system in the MANET topology consists of N nodes which differ in
their processing capabilities and can forward messages to their neighboring

nodes. Each node has the following entities:

Processing identification: identifies the processor type,

Waiting queue for tasks to be executed,
- Ei: Energy level, where i is the node id.
- T[i,j]: execution time for all types of tasks of all the nodes, and

- Eli,j]: execution energy for all types of tasks of all the nodes, where i is the

task type and j is the processor type

It is assume that there are » types of tasks generated in each node and each

task comes with:
- id number, which identifies the task type,

- Data to be processed, amount of which is selected randomly between the

minimum and the maximum data size.
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4.2 The EADSSTA Task Altocation

The problem that is solved by EADSSTA can be described as follows:

The network lifetime is divided into many rounds. At the beginning of each
round, the DSS is used to locate the best new remote servers which will
maximize the minimum residual energy at the end of the round. Nodes that want
to execute a task remotely will follow the scenario explained in the remote task

section 4.2.1 in order to select one of the available servers.

4.2.1 The EADSSTA Remote Task Allocation

When a task arrives at a node, it enters into the waiting queue. However,
some tasks may not be processed due to processing incapability, energy shortage
or load balance. In such cases, the node must send inquiries to the other nodes in
the network. This follows a remote allocation algorithm that contains the
following steps:

- The sender node broadcasts a request message in the network and initiates a
request timer. This request is called B-REQ(SN,TSK_TYP, Hops), where
SN is the sequence number of the sender node, TSK_TYP is the task type,
and Hops field is used to restrict flooding of this message (see Algorithm in
Fig 4.1).

- Only the servers (i.e. servers at level one, and those at level two which have
processing capability to execute the task and possess a threshold load greater
than the remote loads) reply to the broadcasted request message by sending
RLP(mySN,yourSN,MY INFQ), where mySN is the server’s sequence,
yourSN is the destination sequence number, and MY_INFO contains the
server’s information (see Section 4.5). The role of the other nodes is to
forward the broadcasted requests and replies (see algorithm Fig 4.2).

After the timer expiration, the sender node, based on the objective function

in Section 4.5, computes the best server that can execute the task, then sends the
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task to the best server by sending a message TSK(SN,TSK_INF), where SN is

sequence number and TSK_INF is the task information.

When a task arrives to a node
The node checks its own recourses for:
- processing time of the task
- Dbattery level
- queuing time
if the task can be processed
put the task in my waiting queue
else
Broadcast B-REQ(SN,TSK_TYP, Hops) inquiry message
Start inquiry timer(}
Receive RLP(mySN,yourSN,MY INFO) replies
After timeout
Evaluate the best candidate according to the objective function

Send the task TSK(SN,TSK_INF) to the best candidate

Figure 4.1: Task allocation algorithm at the sender node (EADSSTA)
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When a node receives a message

If the message is a new B-REQ(SN,TSK_TYP, Hops) and Hops is greater
than zero

If the node is a server
Decrease Hops by one
Forward B-REQ(SN,TSK_TYP, Hops) message
Record the current request in the request list
Goto (1)
Else
Decrease Hops by one
Forward B-REQ(SN,TSK_TYP, Hops) message
Else if the message is TSK(SN,TSK_INF) destination to the node
Receive the message and execute the task
Else if the message is TSK(SN,TSK_INF) destination to
another node
Network layer takes the suitable action
(1
The node checks the recourses:

- Processing capability
- Load
If node can execute the task

Sends RLP(mySN,yourSN,MY INFO)
Else

Do nothing

Figure 4.2: Task allocation algorithm at the intermediate/receiving node (EADSSTA)
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4.3 The SEADTA Task Allocation

The problem that is solved by SEADTA can be described as follows:

The network lifetime is divided into many rounds. At the beginning of each

round, use CS to locate the best new parents (remote servers) which will

maximize the minimum residual energy at the end of the round. Nodes that want

to execute a task remotely will follow the scenario explained in the remote task

section 4.3.1 in order to select one of the available parents.

4.3.1 The SEADTA Remote Task Allocation

When a task arrives at a node, it enters into the waiting queue. However,

some tasks may not be processed due to processing incapability, energy shortage

or load balance. In such cases, the node must send inquiries to the other nodes in

the network.

The remote allocation algorithm contains the following steps:

If the sender node has a parent (a direct parent, a intern parent, or an upper-
parent), it sends a request message to its parent and initiates a request timer
(see the algorithms in Fig 4.3 and Fig 4.4). This request is called as
REQ(SN,TSK_TYP), where SN is the sender node’s sequence number, and
TSK_TYP is the task type. After the timer expiration, if the parent sends a
reply message, then the node sends the task to it via a message. The message
sent by the parent is represented as RLP(mySN,yourSN,MY_INFO), where
mySN is the sender’s parent sequence, yourSN is the destination sequence
number, and MY _INFO contains the sender’s information (see Section 4.5),
whereas the message sent by the node is TSK(SN,TSK_INF), where SN is
sequence number and TSK_INF is the task information. If the parent does
not send any reply, then the sender node broadcasts a request in the network
B-REQ(SN,TK_TY,Hops), where the Hops field mentioned in the B-REQ

message is used to restrict flooding of this message.
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- If the sender node is an upper-parent, it broadcasts a request B-

REQ(SN,TSK_TYP, Hops) in the network and initiates a request timer.

- Only the upper parents and the intern parents that have the processing
capability to execute the task, reply to the broadcast request by sending
RLP(mySN,yourSN,MY INFO). The role of the other nodes is to forward
the broadcasted requests and replies (see the algorithm in Fig 4.5). After the
timer expiration, the sender node computes the best node that can execute

the task and sends TSK(SN,TSK_INF) to it .

Theorem 4.1

SAEDTA outperforms EADSSTA in terms of energy communication if at

least one parent accepts to schedule a task from one of its children.

Proof.

Assume that the number of parents (in all levels) in SAEDTA is equal to
the number of servers (in level one and two) in EADSSTA. Let this number be S,

where S>1.

Assume that there are # nodes which want to execute a task remotely, and
n>1. Let only one parent, in SAEDTA accept to execute its child’s task. Now (n-
1) will broadcast the messages in the network, and the other one will schedule its

task in its parent. Therefore, the cost will be 1+(n-1)*S.
In the case of EADSSTA, however, all n nodes will broadcast in the network. As

a result, the cost will be n*S, which is obviously greater than 1+(n-1)*S, i.e.
14 n—1)x5<n=S
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When a task arrives to a node
The node checks its own recourses for:
- processing time of the task
- battery level
- queuing time
if the task can be processed
put the task in my waiting gueue
else
if the node has a parent
checks if the parent is here
send request REQ(SN,TSK_TYP) to the parent
goto (2)
else
goto (1)
else

if the node is upper parent

goto (1)

Figure 4.3: Task allocation algorithm (part 1) at the sender node (SEADTA)
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6y
Broadcast B-REQ(SN,TSK_TYP, Hops) inquiry message
Start inquiry timer()
Receive RLP(mySN,yourSN.MY_INFQO) replies
After timeout
Evaluate the best candidate according to the objective function

Send the task TSK(SN,TSK_INF) to the best candidate

)
start inquiry timer()
receive RLP(mySN,yourSN,MY INFO) reply from the parent
after timeout
if the parent has replied
send the task TSK(SN,TSK_INF) to the parent

“else

goto (1)

Figure 4.4: Task allocation algorithm (part 2) at the sender node (SEADTA)
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When a node receives a message
If the message is a new B-REQ(SN,TSK_TYP, Hops) and Hops is greater than zero
If the node is an upper parent or intern parent

Decrease Hops by one

Forward B-REQ(SN,TSK_TYP, Hops) message

Record the current request in the request list

Go to (1)

Else

Decrease Hops by one

Forward B-REQ(SN,TSK_TYP, Hops) message
Else if the message is REQ(SN,TSK_TYP) from the child

Goto (1)
Else if the message is REQ(SN,TSK_TYP) destination to another node
Network layer takes the suitable action
Else if the message is TSK(SN,TSK_INF) destination to the node
Receive the message and execute the task
Else if the message is TSK(SN,TSK_INF) destination to another node
Network layer takes the suitable action
O
The node checks the recourses:

- Processing capability
If node can execute the task

Sends RLP(mySN,yourSN.MY INFO)

Else Do nothing

Figure 4.5: Task allocation algorithm at the intermediate/receiving node

(SEADTA)
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4.4 Task Delay and Energy Consumption

There are two factors that contribute to the overall task delay, the queue
delay and the communication delay. The queue delay is the time interval from
putting the task in the waiting queue until the time it leaves it in order to be
processed. The communication delay consists of the request-reply time and the
time needed for task to move from the source node to the destination node.

Therefore, Task delay can be calculated as follows:
Task delay = queuing delay -+ request-reply delay+
task’s transfer time . 4.1)

The energy consumption includes the energy consumed for the task’s
execution, the request-reply, the task’s transfer from the source to the destination
node, and the overhearing nodes that are within the range of transmifting nodes
along the communication path from sender to receiver, We use the NS2 [10]

energy model.
Energy Consumption = task execution energy + request-reply energy +

task transfer energy + overhearing energy  (4.2)

4.5 Objective Functions

When a server (at level one or two) in EADSSTA, or an upper parent (or an
intern parent) in SEADTA receives a broadcast request, it records the request in
the request list and then sends its reply. The request list is a table that contains

the following fields about requests:
- The requester-node address
- The distance to the requester (in hops)

- The expiration time.
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The requested node learns the requester-node address and the distance to it
from the request message (common header and ip header message in NS2
simulator). As for the expiration time, it is estimated on the basis of the distance
that separates the requested node from the requester node. The request is deleted
from the request list either when the expiration time is passed, or when the node

receives a remote task from the requester node.

Every upper parent, intern parent, server at level one, and server at level two
replies to the broadcast request by sending the message represented as
RLP(mySN,yourSN,MY INFO). The MY_INFO field in the message contains
the following information about the requested node: energy level, processing
type, waiting queue length and current registered requests from the nodes that

have shorter distance to the requested node than the current requester node.

When the requester node receives replies from the requested nodes, it will
compute the best candidate to be the receiver of the task based on the following

objective function:

Assume that the requester node is node {7), the requested node is (k), and the

task to be remotely allocated is (7).

Cost=min[ T , , +QL ,+E , +COM ,; +ECOM , +

> REQ ., ] (4.3)

Voa.no k<= ic k

for all node k that replied to node (/) where:
T« is the execution time of task (f) on node (&},
QL is the waiting queue length on node k,
£y is the energy level on node k,

COM;; is the communication time needed to send task (/) from node (i) to

node (k)
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ECOM;; is the communication energy needed to send task (7) from node (7)

to node (k)

Z REQ shows the registered requests in node (k)
r »

Yrn.,ne ks ie k

from all nodes (#) that have shorter distance to node (k) than node (7).

Since the energy and the time have different units, their elements in the

objective function need to be normalized:
I}',k = jr:f,k'/Tn‘i'a.af (4.4)

where T is the maximum processing time cost for task (f) among all the

replied nodes.

0 1Q, >Th
QL= 4.3)
0 % { otherwise ,

where o is the waiting queue length on node (%), and 7% is the queue
threshold on node (%).

© KE,-E,, )<= Th

Ee) B % / otherwise (46)

Where £ is the energy level on node (k), E;; is the energy needed to execute
task () on node (%), and E,,, is the maximum energy cost needed to execute task

(/) among all the replied nodes.

com =M '%OM » @)
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Where is COM,,,, is the communication time to send task (/) from node (7)

to the farthest node among the replied nodes.

ECOM |,
ECOM ik = ’ ECOM - 4.8)

Where ECOMpa: is the energy to be consumed to send task (7) from node
(#) to the farthest node among the replied nodes.

Z REQ n,k
» P

Ya,no k<=i< k

pz REP"Q n,k /MX ( Z REQ n,m)
Yn.ne keie k Ve mes Pesm (4.9)

Assume that node (m) is one of the replied nodes that have received the

maximum requests from all nodes that have shorter distance to it than node (7).

Therefore, A4x RE is the number of registered requests
( Qg L) g q

Yrne me=iod m

in node () from all nodes () that have shorter distance to it than node (7).
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CHAPTER 5

ENERGY AWARE STATIC SCHEDULING

5.1 Introduction

In literature, the problem of static task scheduling, in its general form, has
been proved to be NP-complete [11, 12, 13], and many heuristic static task
scheduling algorithms have been proposed by the researchers. List scheduling
algorithms (LS) is one of the most important classes of the heuristic algorithms,
which is used in both homogenous systems with identical processors, and

heterogeneous systems {11, 12].

Recently, LS was used in the energy aware static scheduling by some
researchers, such as [14, 15]. Authors in [14] used LS algorithm to study two
scheduling problems, the minimizing scheduling length with energy consumption
constrain and the minimizing energy consumption with scheduling length on
DVS multiprocessor computers. On the other hand, study in [15] proposed an
energy aware static scheduling (ETS) using LS algorithms, that aims to minimize
both the execution time and the energy. ETS have not studied the network life
time and the topology formation. The study in [16] has developed a two
duplication energy aware static task scheduling for homogenous mobile

clustering, but the cluster formation was absent in this study.

Most of the previous studies have disregarded the overall network lifetime,
the heterogeneity, and the frequent changes of the topology in the MANET. In
this section, two new energy aware static task scheduling models are presented
they aim to maximize the network lifetime and tackle the problem of
heterogeneity and the dynamic change of topology. With the best of our

knowledge, this is the first work that studies these issues from a task scheduling
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prospective. Therefore, our study comes to participate to fill the above gaps

found in literature.
5.2 System Model

In static scheduling, parallel applications are represented by a Directed
Acyclic Graph (DAG), where vertices indicate the tasks and edges represent the
communication and precedence among tasks. It is assume that the parallel
applications are generated in each node by the compiler. TGFF [17] tools are

used to generate such applications (DAGs).

5.3 Task Mode!l and Processor Model

In the proposed model, there are m types of tasks that can be generated in

each node. Each task is generated along with the following entities:
- Task id which identifies the task type.

- Task size which is selected randomly between the minimum and

maximum size.

- Data to be processed which is selected randomly between the minimum

and maximum size.

- Data to be send to each of its successor tasks is selected randomly

between the minimum and maximum size.

None of the tasks can start its execution until all its precedence tasks have
finished their execution and the data sent by these tasks have been received by

the node at which the task is to be executed.

The topology environment consists of K type of processors. Processor types
are different in their processing capabilities in terms of execution time and

energy to be spent in executing each task. Each node has the following entities:
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- A unique id which identifies the node.
- Processing identification which identifies the processor type.

- Texe [m,k] matrix which contains the execution time for all task types on

all types of processors.

- Eee [m,k] matrix which contains the execution energy for all task types

on all types of processors.

We assume that the required time and energy to send one unit of data from

any node to any of its neighbors are equal.

Having finished the system modeling, now we are in the place to explain the

algorithms.

5.4 Energy Aware Static Task Scheduling Using DSS (EA-STS-DSS)

After the servers have been selected in each round, we need to add one more

step to the server selection scheme in Section 3.1:
- Each server announces itself by broadcasting a message in the network.
- Each server builds a list contains all known servers.

The objective of the above two steps is to enable each server to compute its
routing tables to all known servers. This information is needed in task scheduling

algorithm.

5.4.1 The EA-STS-DSS Problem Definition

The network lifetime is divided into equal rounds. At the beginning of each
round, new servers are selected to be used in the execution tasks during this

round. Parallel applications are generated randomly in some nodes that will
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follow the EA-STS-DSS task scheduling scheme in section 5.4.2 to schedule the
tasks.

5.4.2 The EA-STS-DSS Task Scheduling

When the task graph is generated on one node, the node will execute the

following steps to schedule the task graph:

1- It sends a broadcast request (RQ) within the network to get information

about the current servers in the topology.
2- It starts a request timer.

3- Only the servers at level one and two will reply by sending their node ids,
their processing ids, their current energy levels, and their routing tables to

all known servers.

4- After timer expiration, the node will execute the energy aware list

scheduling in Section 5.6.

5.5 Energy Aware Static Scheduling Using Clustering Scheme (EA-STS-CS)

After the network has been divided into clusters by using the CS, We need
to add three steps to CS to enable the upper parent of each cluster to collect

information about all parents in its cluster.

- Each three-hope parent broadcasts its upper parent id to its children, then,
all the parents (at all levels) belonging to the cluster will have known the

upper parent of their cluster.

- Each parent broadcasts its id along with the upper parent id, in order to

inform all the parents in the cluster about itself.
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- Each parent sends its routing table to all known parents in its cluster to

the cluster upper parent.

The goal of the above three steps is to let the upper parent of each cluster

collect information about all the existing parents in its cluster.
5.5.1 The EA-STS-CS Problem Definition

The network lifetime is divided into equal rounds, at the beginning of each
round; new clusters are formed. Parallel applications are generated randomly in
some nodes. These nodes will follow the EA-SS-CS task scheduling scheme in

section 5.4.2 to schedule the tasks.

5.5.2 The EA-SS-CS Task Scheduling

When the task graph is generated on one node, this node will execute the

following steps in order to schedule the task:

- If the node knows the upper parent of the cluster, it will send the task
graph directly to it, otherwise, it will send the task graph to its parent

which will in turn send it to the cluster upper parent.

- Since the upper parent has already collected information about all parents
in its cluster, it only executes the energy aware list algorithm in section

5.6.

5.6 Energy Aware List Task Scheduling (EALTS)

The list algorithm in this section is a type of the well known list scheduling;

however, it uses both time and energy to assign a task to a node.

1- Determine the tasks levels which will be used as a priority level for each

task according to the technique explained in section 4.7.
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2- At the beginning, the priority queue is initialized to include those tasks
that do not have any immediate precedence task. Tasks in the priority
queue are sorted based on their level. The task with the highest level is
the first to be taken from the priority queue. After scheduling a task, the
priority queue is updated by inserting those tasks which their immediate

precedence tasks have been scheduled.
3- As long as the priority queue is not empty, do the following:
- Get the highest level task from the priority queue, and call this task t;,
- For each server do the following:
e Compute the finishing time of t,

¢ Compute the required energy to execute t and to receive the data

sent to t, from its immediate precedence tasks,

¢ Compute the consumed energy at all nodes in the path in
delivering a data from all immediate precedence tasks, and

determine the resulting residual energies in all these nodes.

¢ Find the minimum residual energy node (RE) among all nodes

(server and the node in the path in delivering data).

4- Assign t, to a server that minimizes the finishing time and maximizes the

reaming energy according to objective function in section 3.7.

Theorem 5.1
The time complexity of EALTS is n*log(n)+S*n° .
Proof.

Assume that there are » tasks to be scheduled and S current available

servers. In step 1, when a task is added to the priority queue we need to resort the
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tasks in it. Since there are » tasks, the cost of this step is n*log(n). In step 2, we
compute the execution time and the energy for each task in all servers. For each
task we compute the residual energy and the receiving and sending time for all
the nodes in the path from all immediate precedence tasks. Therefore, the cost of
this step is equal to S*n®. Hence, the overall time complexity of the above

algorithm is n*log(n) + $*n® .

3.7 Cost Function

EALTS uses the following cost function to select the best server (parent) to

execute the current task. The cost function is a combination of time and energy.
Assign(ty,s)=min[o*FHen-p*RE]. (5.1)

Where FHyin is the finishing time of ty on server s, RE is the minimum
residual energy when ty is executed on server s, o and P are constant factors that

can be configured to reflect the weight of time and energy in the cost function,

Since time and energy have different units, their elements in the objective
function in the above algorithm need to be normalized. Assuming that FHpx is
the maximum finishing time among all servers and REn. is the maximum

residual energy among all nodes, the objective can be normalized as follows:

ASSign(th,S)=min[(FHﬁm/ FHpax ) "(REREmaX)] (52)

5.8 Task Level

The above scheduling algorithm is a type of the level priority scheduling,
which have been proved in literature to be the closest to the optimal schedule
[21]. Therefore, this technique, which is used in the computing task level, has an

important effect on the efficiency of the scheduler. Since we do not know to
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which processor each task will be assigned, in this study we use an estimation

task level which is based on the task execution time.

Firstly, we compute the average execution time AVA(t) for all task types on

all processor types. Secondly, the level of each task is computed as follows:

AVA)LY1<j<n: () €

AVA() +maxgep(L(t;)), otherwise (53)

L(t)= {

If the task is an exit task (task that does not have any successor task), its
level is equal to the average execution time of its type. Otherwise, the level of the
task is the summation of its type average execution time and the largest task level

among its successor tasks.

5.9 EA-STS-DSS and EA-STS-CS Behavior

One of the main goals of EASS-DSS and EASS-CS is to prolong the network
lifetime. Therefore, we expect the behavior of these tow algorithm to change
according to the energy level on the available servers or (parents). To reveal this
characteristic we study the model in figure 10. As we can see the initial energy of
processors | and 2 are 45 and 50 Joule, respectively. The algorithms finish the
tasks scheduling (it is set that o = p = 1) with a makespan equals to 8, and the
reaming energy in processor 1 and 2 being 37 and 43, respectively. The

scheduling steps are illustrated in Fig 5.1.
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Assume that the initial energy of processor 1 and 2 is changed to 10 and 40
Joule, respectively. The behavior of the algorithms will change to make a balance
in the energy consumption in all the nodes in the network; this fact is shown in
Fig 5.3. As we can see, unlike processor 2 which has a high level energy,
processor | suffers from energy shortage. Therefore, the algorithms adjust
themselves accordingly to reflect this fact and they schedule all tasks on

processor 2.

Although the makespan is higher than the first scheduling in fig 5.2, the
network lifetime is still reaming long. If the time is more important than energy,
it is possible to get a shorter makespan by manipulating the value of « and B in

the cost function.
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CHAPTER 6

PERFORMANCE EVALUATION

To evaluate our models, we extended NS2 simulator to conduct several
experiments. In case of the dynamic energy aware task allocation we compare the
results with those of the EADTA model in [18], in which the assumptions of task
and processor models are similar to those in our dynamic models. In EADTA,
inquiring all the nodes in the network by the sender node is an essential

requirement for remote allocation.

We compare the result of the static energy aware with those of the ETS
model in [15]. ETS did not study the topology management and the method by
which any node in the network can collect the information about the system.
Moreover, ETS objective was to minimize the makspan time and energy
consumption, however, the aims of our static model are prolonging of the

network lifetime and minimizing the makspan time.

6.1 Simulation Assumptions
The main assumptions of the simulation are:

- Nodes are in a cooperative mode such that each node is willing to
propagate messages related to proposed algorithms and execute remote

tasks,

- All nodes have enough energy to remain alive until the simulation finish.

This assumption ensures that all nodes participate in each experiment.

- The communication between each pair of nodes is symmetric.
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- In all experiments, Nodes use the Destination-Sequenced Distance Vector
(DSDV) routing protocol to exchange messages. DSDV is a proactive
hop-by-hop distance vector routing protocol, where each node broadcasts

its routing updated information periodically [1].

- The IEEE 802.11 MAC is used in all experiments and the transmission

range of each node is set to 100 meters over 1 Mbps wireless channel.

- Nodes have a mobile pattern which follows the random waypoint model.
During the simulation, each node starts moving from its initial position to
a random destination inside the simulation area. When it reaches its
destination, it pauses for some time, then continues its movement again,

and so on.

6.2 Energy Aware Dynamic Task allocation Simulation Results

In all experiments, we assume that all nodes are processing nodes with
different processing capabilities based on the node’s processing id number which
is selected randomly at the beginning of each experiment. We assume that each
node is given a couple of the Two-Dimensional Array (TDA), one is the
processing time and the other is the energy consumption, which are taken for all
task types on all node types. Tasks are generated on each node according to the
Poisson Process. Each node has an energy level that is gradually consumed when
the node executes a task or when it sends (or receives) a message. The simulation
model consists of 70 mobile nodes which are distributed randomly in a 700x700

square meters area.
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6.2.1 Performance Metrics

Three methods of evaluation are used to assess our scheme’s performance:
the first one is by evaluating the scheduling efficiency which is measured two

metrics:

- Average Delay which is the average consumed time from generating the

task until the time at which the task is submitted to be processed.

- Average Energy Consumption which is the average amount of the energy

consumed by each task.

While the second is the network lifetime (the time until the first node dies),
which is determined by calculating the minimum node energy in each
experiment. The last method is the network scalability which is measured by
computing the task’s communication energy against the arrival rate in each
experiment. At the end, the obtained results are compared with those of model in

[16].

6.2.2 Ad Hoc Network characteristics

We use some abbreviations to describe the following characteristics of the

network.

Node Mobility (pause time) — P: defines the pause time.

- Transmission Range -TR: the maximum distance at which the data

transmitted by a node can be heard.
- Number of nodes — N: the total number of nodes.
- Client Nodes — CN: the nodes at which the tasks are generated.
- Task arrival rate — A : the rate by which the tasks arrive.
- Channel Capacity CC: the data transmission rate.
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6.2.3 Comparison study between EADSSTA and EADTA

In this section we compare EADSSTA model to EADTA model in term
of the average delay, the consumption of energy, the network lifetime, and the

network scalability.
6.2.3.1 The Effect of Arrival Rate

The main concem of this experiment is to test how the arrival rate affects
the performance of EADSSTA and EADTA. Tasks are generated by 30 nodes
with a task arrival rate of 1-5 tasks/node/sec. whereas, the other nodes are used to
execute the remote tasks based on their states, i.e. whether a node is a server or
not. The pause time is set to be 100 sec, and the movement speed of each node is
0-2m/sec. This experiment is actually made to understand how the arrival rate
affects: (1) average delay, (2) consumption of energy, (3) network lifetime, and

(4) network scalability.

Fig. 6.1(a) shows the effect of the arrival rate on the average delay in both
methods, EADTA and EADSSTA. Upon increasing the arrival rate, more tasks
are needed to be allocated, and a longer waiting queue at each node will then
come about. This will in turn result in an increase in the time delay in EADTA as
well as EADSSTA. After point 3, EADTA continues in its rapid increase, as
opposed to EADSSTA, which increases slightly. Therefore, EADSSTA incurs

better performance with the load increase.
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Figure 6.1(a): Average task delay vs. arrival rate

In regards to the energy consumption, Fig. 6.1(b) illustrates that the
energy consumption of EADTA increases sharply with the increase of the arrival
rate, where it increases slowly in EADSSTA. Therefore it can also be concluded
that EADSSTA is more efficient than EADTA in terms of energy efficiency, as

well.
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Figure 6.1(b): Energy Consumption vs. arrival rate

Fig 6.1(c) shows that the minimum node energy declines as the arrival rate is
increased. This means that the number of the remaining living nodes decreases,
leading to a shortage in the network lifetime. This can be seen in both methods
EADTA and EADSSTA, however, as can be seen, EADTA is more sensitive to
this effect than EADSSTA. Therefore, the lifetime in EADSSTA is longer than
that of EADTA.
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Figure 6.1(c): Minimum node energy vs. arrival rate

As for the communication energy consumption, it significantly increases when
the load is increased. This can be observed from Fig 6.1(d), which shows that,
when EADTA is used, the communication energy consumption increases sharply
as the arrival rate is increased. On the other hand, in the case of EADSSTA, the
effect is smaller and the increase rate is less. For example, at point 5, EADTA

incurs about %30 in energy consumption more than in EADSSTA,
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Figure 6.1(d): Communication energy vs. arrival rate

6.2.3.2 The Effect of Mobility

In the second experiment, we examine the effect of mobility on the
performance in both EADSSTA and EADTA. Here, the parameters are:

- Number of client nodes is 30
- Arrival rate is 4 tasks/sec in each client node

- Pause times are 20, 40, 60, 80, and 100
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When comes to mobility, Fig. 6.2(a) shows that the delay in EADSSTA

increases with the increase in pause time, however, at point 60, the delay reaches

to the lowest point, this can be explained that the 60 seconds pause time is the

best point at which nodes are more stable and the EADSSTA can allocate the

remote tasks to the best servers. When the pause time is short, the best servers

can not be reached or far away, therefore, the allocation is poor. From Fig 6.2(a)

we can see that the best point of EADTA is 80 seconds which means that
EADSSTA is faster than EADTA. After the best points, both EADSSTA and
EADTA incurs high delay, this can be explained that when the pause time is

long, nodes are distributed evenly, therefore, the communication among nodes is

high which leads to increase the delay. Due to the few communication messages

used by EADSSTA, it outperforms EADTA in term of delay in all points.
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Figure 6.2(a): Average task delay vs. pause time




In Fig 6.2(b) we can see that energy consumption in EADTA increases
with the increasing in pause time, however, it goes down in the point 80 which is
corresponding to the delay trends, therefore, the same explanation of the delay is
also valid here. The mobility has small effects on energy consumption in case of
EADSSTA,; this is as result of the technique which is renewing at the beginning

of each round.
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Figure 6.2(b): Consumption energy vs. pause time

75



Fig. 6.2(c) relates to the effect of the pause time on the node energy
consumption. It shows that as the former increases the energy consumption
decreases, due to the decrease in the frequency of change in the topology. As a
result, the load is distributed among many servers. As can be seen from Fig.
6.2(c), the decrease in the node energy continues until point 80, after which the

node energy declines due to isolation and/or congestion.
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Figure 6.2(c): Minimum node energy vs. pause time
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Mobility has a slight effect on the communication energy consumption in
case of EADSSTA, as mentioned before, this is due to the updating of the severs
over time. Yet, Fig. 6.2(d) shows that, in case of EADTA, the communication
energy increases until point 80 at which the energy goes down. This can be
explained, as at 80 the nodes start to be stable, the best node can be reached, in

addition that the breaking in routing decreases.
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Figure 6.2(d): Communication energy vs. pause time
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6.2.4 Comparison study between SEADTAS and EADTA

In this section we compare SEADTAS model to EADTA model in term
of the average delay, the consumption of energy, the network lifetime, and the

network scalability.

6.2.4.1 The Effect of Arrival Rate

This experiment presents a comparison between SEADTAS and EADTA.
Tasks are generated by 24 nodes with a task arrival rate of 1-5 tasks/node/sec.
The other nodes are used to execute the remote tasks based on their states, i.e.
whether a node is a parent or not. The pause time is set to be 100 sec, and the
movement speed of each node is 0-2m/sec. The main concern of this experimentA
is to understand how the arrival rate affects: (1) average delay, (2) consumption

energy, (3) network lifetime, and (4) network scalability.

Fig. 6.3(a) makes an analogical illustration of the average delay results,
obtained by SEADTA and EATDA. Upon increasing the arrival rate, more tasks
need to be allocated, the fact t-hat causes an increase in the length of the waiting
queue, which in turn, incurs more delay and in both approaches. The average
delay in EADTA increases more rapidly than those of SEADTA. This difference
in the increase becomes more significant when the arrival rate exceeds 3
 tasks/sec at which the gap between the two curves increases. Two factors make
SEADTA outperforms EATDA in terms of delay. The first one is that SEADTA
takes both current and estimation loads of the parents into account when it
allocates a remote task, the second is the fast remote allocation, which in some

cases requires only sending one request message to the parent.
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Figure 6.3(a): Average task delay vs. arrival rate

Fig. 6.3(b) illustrates the energy consumption results of SEADTA and
EATDA. As mentioned before, upon increasing the arrival rate, more tasks need
to be allocated, the fact that causes an increase in the length of the waiting queue,
which leads to the increase in the remote tasks. Since EADTA inquires all nodes
in the network, the collision of packets increases which results in maximizing the

energy consumption. This fact is showed by Fig. 6.3(b).
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Figure 6.3(b): Energy consumption vs. arrival rate

Moreover, as can be seen in Fig. 6.3(c), the energy of nodes in EADTA
decrease more rapidly than those in SEADTA, subsequently declining the
number of nodes that will remain alive. SEADTA not only selects the highest-
energy nodes to work as parents to receive the remote loads but also it renews
them over the time in order to distribute the remote load among many nodes in
the network, therefore, SEADTA proves a better performance in terms of energy

consumption.
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Figure 6.3(c): Minimum residual energy node vs. arrival rate

Figure 6.3(d) shows how EADTA’s Comm. Energy increases faster than
that of SEADTA, resulting in a reduction in the network lifetime as the arrival
rate is increased. The remote allocation in SEADTA may require one message if
the sender node has a parent and it accepts to execute the remote task, otherwise
the node will inquire the other parents (which are less than total number of
nodes) in the network. In both cases the number of messages is less than those in
the case of EADTA. Therefore, it can be concluded that the performance of
SEADTA is better than that of EADTA.
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Figure 6.3(d): Communication Energy vs. arrival rate

6.2.4.2 The effect of Mobility

In this experiment, we examine the effect of mobility on the performance

in both SEADTA and EADTA. Here, the parameters are:

- Number of processing nodes is 30.
- Arrival rate is 4 tasks/sec.

- Pause times are 20, 40, 60, and 100.
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The delay of SEADTA increases with the increase in pause time,
however, at point 60 the delay reaches to the lowest point, this means that the 60
second is the best point of SEADTA, and the nodes are stable and the best
parents are accessible which result in a good remote allocation. The same
explanations of EADSSTA and EADTA in Fig. 6.2(a) are valid for SEATA and
EADTA in Fig. 6.4(a) respectively.
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Figure 6.4(a): Average task delay v. pause time

On the other hand, as can be seen in Fig. 6.4(b), the mobility has no effect
on the energy consumption of SEADTA. The point 60 is the worst point for
EADTA at which the nodes are not stable and the best nodes could not be

reached, as a result the remote allocation is poor.
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Figure 6.4(b): Energy consumption vs. pause time

In Fig 6.4(c) we can see that the network lifetime of SEADTA is
increased in 20 and 100. At point 20 seconds, nodes move fast and parents are
renewed in short intervals of time, therefore, the load is distributed among many
nodes. At point 100 nodes are almost do not move and the best parents can be
reached. In case of EADTA, with the increase in pause time, nodes become more
stable and the remote allocation also improves, therefore, the energy of nodes
increase, however, when the pause time is long, the communication time

increases, as result, the energy decreases.
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Figure 6.4(c): Minimum node energy vs. pause time

As for the communication energy, we can see from Fig. 6.4(d) that SEADTA is
affected by the mobility; this is because SEADTA adapts its behavior according
to the changes in the topology by increasing/decreasing the time interval of
renewing parents. However, when the pause time is long, the communication
increases, therefore; SEADTA incurs high delay at point 100 seconds. As for
EADTA, the explanation of Fig 6.4(b) is also correct here.
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6.2.5 Comparison study between EADSSTA, SEADTAS and EADTA

The objective of this experiment is to compare the three models together
in terms of task delay time, energy consumption, minimum node residual energy,
and communication energy. The parameters of this experiment are same as in
experiment in Section 6.2.3.1.

Fig 6.5(a) shows that both EADSSTA and SEADTA substantially reduce

the task delay especially after arrival rate of 3. This is a result of small

communication messages used by EADSSTA and SEADTA in
scheduling the remote tasks. However, while SEADTA improves task
delay by 17%, EADSSTA improves it by 4% as compared with EADTA.
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Figure 6.5(a): Average task delay v, arrival rate

Fig 6.5(b) reveals that the energy consumption is decreased by 25% in
case of EADSSTA, whereas SEADTA reduces it %30. This result explains the

87




benefit of the proposed topology managements schemes (DSS and CS) and
proves that both EADSSTA and SEADTA are efficient in terms of energy

consumption.
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Figure 6.5(b): Energy consumption vs. arrival rate

The minimum residual node energy in fig 6.5(c) shows the network

lifetime in each model. As can be seen from the plot, when the number of tasks

increases, the node energy in EADTA decreases rapidly, on the other hand, the
decreasing in EADSSTA is slow, which is due that EADSSTA inquiring only the

servers in the network, However, SEADTA incurs the smallest decrease, which

is a result of the network structure used by SEADTA.
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Fig 6.5(d) shows that EADTA incur high communication energy. This
observation can be explained as a result of inquiring all nodes in the network,
which is used by EADTA. In case of EADTA, the communication energy
consumption increases rapidly, when arrival rate increases, The increase in the
communication energy consumption in EADSSTA and SADTA is slow, which
means that EADSSTA and SEADTA actually outperform EADTA in terms of

network lifetime and scalability.

Furthermore, Fig 6.5(d) shows that in terms of communication energy

SEADTA achieved about 82% better than EADTA, on the other hand,
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EADSSTA achieved about 77% outperformance. This result proves that our

model is suitable for the application that incurs a huge communications.
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6.3 Energy Aware Static Task Scheduling Simulation Results

The objective of ETS model is to schedule tasks in order to minimize the
total time and energy. ETS proposes a general energy aware task scheduling
method; however, it does not consider the method by which a node collects
information about the other nodes in the system. Therefore, we use this model to
compare it with proposed models. The simulation model consists of 100 mobile
nodes which are distributed randomly inside a 750x750 square meters area. In all
of the following experiments, the task and processor types are to ten and six,
respectively. The execution energy and time of all task types on all processor
types are selected randomly between (0.06 -0.09) joule, and (2-9) ps,
respectively. The value of both o and B is equal to one to reflect the same weight
for time and energy in the cost function, The communication energy between any
two neighbored nodes is 5]/byte, while the communication delay which includes
medium access, queuing, and transmission delay is Sps/byte. The size of
exchange data between any task and its immediate successor task is selected

randomly between 900-1000 byte.

The simulation time is divided into two equal rounds. At the beginning of
each round the nodes are allowed some time to move inside the simulation area,
and when they stop their movement, CS or DSS are executed to form new

clusters or select new servers.

6.3.1 Simulation Results

We have conducted three main experiments to assess the proposed
models. In each experiment, we compare the studied models in terms of the
makespan and the minimum remaining node energy. To compare makespan
values, we conduct an experiment that generates task graph with 40 tasks on 4

random nodes in each round. At the end of the experiment we compute the
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average makespan, This experiment is repeated for task graphs with 80, 120, 160,
and 180 tasks. As for the energy values we compare the minimum node energy
by generating a task graph with 200 tasks and 310 intercommunications among
tasks in one executing node per round, and we compute the minimum node
energy at the end of the experiment. This experiment is repeated for nodes 3, 5,

7,and 9.

1- In the first experiment, our concern is to compare EA-STS-DSS and EA-
STS-CS. As can be seen in Fig 6.6(a), EA-STS-CS improves makespan
about 75% over EA-STS-DSS. This is due to the fact that the server
selection inquires all servers in the network before starting scheduling the
tasks. In the clustering technique, however, only one message is needed
to send the task graph to the upper parent in the cluster. Moreover, as
depicted in Fig 6.6(b), the decrease in the node energy in EA-STS-DSS is
more rapid than that in EA-STS-CS. This is indeed a result of the huge
communication energy which leads to the decrease in the number of

living nodes in the network.
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Fig 6.7(a) and Fig 6.7(b) exhibit the simulation results of the makespan
and the minimum residual node energy results respectively, obtained by
our model EA-STS-DSS and ETS. As Fig 6.7(a) reveals, EA-STS-DSS
makes a smaller improvement in makespan than ETS, This is due to the
fact that EA-STS-DSS utilizes the task level technique which is based on
the average task executing time rather than the one used by ETS which
depends on the minimum executing time of each task. The enhancement
of the minimum residual energy, which is achieved by EA-STS-DSS as
can be seen in Fig 6.7(b), comes from the fact that EA-STA-SS computes
the reaming energy on the node before assigning a task to it, in other
words, it tries to assign a task to the node which will maximize the
reaming residual energy. This characteristic is absent in ETS, because it
only tries to minimize the consumption energy during task scheduling

processing.
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3-

In the final experiment, we compare EA-STS-CS against the ETS as
illustrated in Fig 6.8(a) and Fig 6.8(b). The big gap in the makespan in
Fig 4.6(a) reflects the importance of the clustering scheme in reducing the
communication time. The same explanation mentioned in experiment 1
(Fig 6.6(a)) is valid also here. Fig 6.8(b) shows that EA-STS-CS makes
about 2.5% better saving in the minimum residual energy than ETS. This
is in fact a consequence of two main factors: The first one is that EA-
STS-CS tries to maximize the reaming energy on all available parents by
comparing their reaming energy values, and then it selects the one which
has the highest reaming energy. The second factor is that the required
communication messages to schedule a graph are only one message
sending by the node that has the graph to the upper parent of the its
cluster. Conversely, ETS tries to minimize the consumption energy

without considering the reaming energy values in the servers.
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CHAPTER 7

CONCLUSION AND FUTURE WORK

7.1 General

The objective of this thesis is to design a cooperative model for energy
aware task scheduling which aims to prolong the network lifetime and make the
network more scalable, We introduced two novel techniques for managing the
MANET topology and four new task scheduling methods. The first topology
management technique is DSS which divides the network nodes into servers and
non server nodes. The servers are selected based on the node energy; in fact, the
nodes with highest energy are selected to serve as servers at one of the two levels
according to their energy levels. The servers at level one have higher energy than

those at level two, therefore, they receive more remote load.

The second technique is the clustering scheme (CS) which aims at
grouping the nodes into clusters according to their energy levels. Each cluster has
four types of nodes: children, one hop parent nodes, intern parents, and the upper
parent node. Nodes in each cluster there is one upper parent. The children nodes
do not execute any remote tasks whereas the parent nodes execute only the
remote tasks provided by their children. The intern parents and the upper parent

can execute tasks from inside/outside their clusters.

DSS and CS classify nodes to have different roles. By doing so, these
techniques try to direct most of loads to the nodes that have the highest energy in

order to prolong the network lifetime.

The formation of DSS and CS is restricted to 3-hope distance. This
restriction leads to simplify the management and thus decreases both time and
energy required. Furthermore, this design decision agrees with the results of

many studies in the literature.
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For dynamic task scheduling, this study proposes two energy aware
dynamic task allocations methods. The first, EADSSTA, is implemented above
DSS. In this model, the node that faces a shortage in its resources (energy or
processing capability) inquires the right servers in the network; the servers that
are able to execute the task, reply to the node by sending their energy level, their
waiting queue length, and some other performance or service metrics. Upon
receiving replies, the sender node decides on the best candidate server to be the

receiver according to the cost function.

The second technique is SEADTA, in which the concept is that the node
that faces shortage in its resources inquires its parent. The parent may not reply,
in such case, the method used in EADSSTA is executed except that only the

intern parents and the upper parent will reply to the remote call.

For the static scheduling, most of the previous energy aware static
scheduling in the literature has not considered the topology management and the
method by which the node can collect information about the system. To fill this
gap, we proposed two energy aware static scheduling approaches: The EA-STS-
DSS is built on DSS. Here the node with the application, inquires the servers in
the network, each server replies by sending its energy level and its routing table
to the other servers. Upon receiving replies, the node schedules the tasks on the
servers that minimize the execution time and maximize the remaining energy

base on the proposed cost function.

In the second static task scheduling method, EA-STS-CS, the upper
parent in each cluster collects the information about parents and the intern
parents immediately after the CS establishment. When a node has a parallel
application, it sends only the application (task graph) to its upper parent. Having
already collected the information about parents, the upper parent will schedule

the tasks over parents and intern parents as in EA-STS-DSS.

To implement the above techniques, the network lifetime is divided into

many equal rounds. At the beginning of each round either DSS or CS is executed
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to select the new servers or build new clusters. This means that servers and
parents are updated over the time to allow the remote load to be distributed
among hodes. The cost functions allow selection of the receiver server based on
the current load and energy in each candidate server in addition to the required
energy to transfer the task. The renewing of the servers and parents at the

beginning of each round helps to minimize the side effect of the node mobility.

7.2 Concluding Remarks on the Results

Both DSS and CS based topology management reduces the load in the
system, as the remote scheduling does not require inquiring all nodes in the
network. The experiments showed that the EADSSTA and SEADTA achieved
better performance in terms of delay. While SEADTA decreases the delay by
17% over EADTA, EADSSTA decreases it by 4%. This is achieved as a result
of the decreasing the number of per- task inquired nodes and the considering the
current load in selecting, Compared with EADTA, SEADTA and EADSSTA

reduce the energy consumption by 30% and 25% respectively.

The cost function used by the static scheduling assigns a task to the node
that will increase the remaining energy. Both task level mechanism and the cost

function play important role in decreasing the per task delay.

7.3 Future Work
This work can be extended in several directions:

Real time tasks can be studied over the proposed topology models to
evaluate the performance of EADSSTA and SEADTA in the real time

environment.
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It is possible to combine more than one metric, such as energy and
processing capability to select the servers or to allow the application to define the

metrics by which the servers will be selected.

The length of each round time in the proposed techniques was determined
before the simulation starts. It is possible to study this problem to find out a
method that determines the length of each round dynamically during the

execution time,

In the sensor network platforms, nodes around the base stations consume
their energy faster than those that are far from the base stations. One solution to
this problem is to have mobile base stations that change their places from time to
time. However, this technique needs a method to compute the optimal place of
each base station. In this sense, DSS and CS can be extended to define the

optimal places of the base stations according the nodes energy.
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