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Abstract

In this work, we have described an algonithm for clustering 10 ad hoc networks We have pro-
posed to combine three approaches, BFS algonthm, Lowest [D clustering and mimimum outgo-
g edge Our goal 1s to munimize the sumber ot clusters, the numbcr of hups between the nodes
and the communication overhead (for broadcasting) Our mousanon for this work 15 to present
an efficient sparse network structure for communicaton The sparsity 15 checked through cluster
overlaps and node degree In literature, we have determined that many researchers emphasized
on network load (1 ¢ node degrees) and network latency (the radwus) Some of thern tned Lo
produce minumum or maximum clusters such as one hope or h-hope clustering Onerlaps and
non-overlaps clusters have also been considered by these researchers  Some researcher cm-
phasized on mimmum or maximum nedes degrees We have determuned that many algonthms
produced clusters with overlaps and if there are no overlaps then the communicanion overhead
(node degree) 15 not tried to reduce  We have presented an algorithm that is balanced tn term of
clustering and commumcaunon overhead The cluster creation 15 based on a condition (Le tor
k > 1, the number of nodes in the next layer 1s greater or equal to nodes 1n the previous trec
nodes) and we have proof by lemmas that each cluster consists a tree {which mean that each
node has one parent node and hence we have mimmuzed the degree of the nodey Our proposed
work generate the clusters, which may be one hope or k-hope to gain our purpose The first
node 1s given which act as the cluster head, the remaining cluster heads are selected with min-
imum node 1D Our algenthm can be deployed 1n areas where no infrastructure 1s aviulable
We have compared our work with previous hiterature and the results show that our proposed
scheme 1s better in network clusters and nerwork load A table 1s also presented for comparison
with several algonthms and we have found that our proposed work 1s good in term of clusler

overlaps, node degree, hope counts (between cluster head) and cluster radiusy
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Chapter 1

Introduction

1.1 Distributed System

In a centrahized system, the data ¢an be obtained trom one location In distributed system, Lhere
may be more than one processors active 4t the same tme and processors can obtain data from
each processor The communication between these processors ts done through messages These
systems may be different m size, activities and power In other words, in a distnibuted environ-
ment, each system has different architecture, size, power, work and each node/sysiem has their
own processor and protocols The prolocols are run and make a computauon on each proces-
sor Distnbuted computing uses the message passing model, in which each processor makes an
nteraction with the other processors through messages In this thesis our emphasis will be on
point 1o point distributed message passing In other words, we have only information about our
own system and our neighbors’, a loosely coupled system uses the messages 1o our neighbors
to communicate with each other In a tightly coupled system (Parallel), shared memory 15 used
for communication The commumcation phenomena in distributed systems become difficult as
compared with centralized systems A networked computer contains a hardware or software
component at different locations, communicating with each other through message passing and
15 called a distnibuted system When one system fails in the distributed systern the other systems
will never get affected by this failure This tailure will be individually [1]

Definition 1.1.1 (Distnbuted Systems). - collection of independent computers appear as u

single computer {2}

1.1.1 Applications of Distributed Systems

Distributed systems can be used i many applications such as the web online games, health, ed-
ucation and finance etc Google has transferred their whole system 1n a distnibuted environment

The search engine produces one of the most complex distnbuted environments in computer his-
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tory This environment consisis of a physical infrastructure of networked computers spread
all over the world The Google system consists of a distributed file sharng system to support
very large files The collection of stock market data, analyzing the political situation and share

trading 15 very necessary for stock markets, which can be provided by a distributed syslem

1.1.2 Distributed System Model

Distributed systermn models can be defined 1n two categones, one IS memory sharing models
and the other 1s message passing model In memory sharing model. the processors obtain the
data from one locauon while, in the distributed system, the processor can obtain their data from
cach other through message passing In this thesis, our model 1s bascd on message passing
The communicanon structure can be defined as, grven an undirected graph The cdges of the
graph will be represented the communication channe! and the vertices of the graph represent
the nodes

Definition 1.1.2 (Graph). - A graph can be defined as, G = (V, Eiwhere Vis the set of veriices
and E 15 the set of edges{1]

The vertices are sometimes called nodes, system or processor The edges are called communi-
cation channels and will be bidirectional Directed commumication will be done only between
neighbors The communication phenomena are as follow, the veruces have ports cqual to the
total number of degree of vertex and each cdge 1s connected to exactly one port Edge (4, v) 15
connected to both vertices with (i, 1}, (v, y)) pair, where 1 <1 < deg (v)and 1 < ; < deg (i)
Euch vertex has input and output buffer for storing 1n / out messages and processors read from

theirs

1.1.3 Issues in Distributed Systems

There are many 1ssues 1n the distributed system such as commumcation (cosl. speed), incom-
plete knowledge. tailures, nmung. algonthmic and programming difficulties  Details of these

problems are as follows,

1.1.3.1 Communication and Incomplete Knowledge

Sending of information to other nodes do not become free  You will be paid for it This 1s neces-
sary to hmit us to speed at which we will propagate the information and alse hmutauons required
to the amount of information to be transmatted The given resources should be used wisely In
4 centralized model, each system 15 aware of what happencd before and after exccution, whle,

in distnibuted system, each node has only information about their neighbors

Hassan Zeh 704-FBAS/MSCS/S13 Page 2 o1 50
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1.1.3.2 Failure, Complexities and Programming Difficulties

In a centralized model, 1f a hardware or software failure occurs then find the fatlure source
and fix 11 while, m distributed model, the situanon 15 complex  Mostly Iink failure or lost of
packets occurs which 13 difficult to ind  For synchronous and asynchronous models, separate
programming for each event such as computation, message passing ctc will have to be done
For example, for a synchronous model, programming for local computation and sending a mes-
sage. while 1n asynchronous, the programming of the algonthm must be event dnven 1¢ at
event v do y Time and message complevty of distnbuted algonthms for distributed system 15

one ¢l the major 1ssues

1.2 Local Information Based Distributed Algorithms

The traditional network protocols maintained a table of information 1n which each node man-
tains information about the whole network These protocols become very expensive 1n term of
memory and hence, difficult to maintain 1n networks Some researchers realize that globat in-
formation 15 not essential for the network Many 1asks can be done by keeping only information
about the neighbors For this purpose we will use Locality presening network representation

approach

1.2.1 LP-Representation

The main purpose of this approach 15 a structure which fathfully represents the topology of the
network The purpose of this structure 15 to maintain only the information about a few edges
and a subgraph instead of the whole graph which can reduce the computational and storage cost

Namcly, there are two types ol LP-Representation, clustered and sheletal representation

1.2.1.1 Clustered Representation

In this type of LP-Representation, we divided the whele graph into connected subgraphs and
make clusters of each subgraph In clustering appreach, the {ocus 15 on twoe paramelers, namely,
depth or radius of the cluster and overlapping A distributed algorithm will be efficient if both
parameters are controlled Hierarchical clustenng 1s used by many researchers

Definition 1.2.1 (Cluster). - induced sub graph such that all nodes are connected twithin a

region or) having same properties [3]

Huvsan Zeb 7U04-FBAS/MSCS/S13 Page 3 of 60
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1.2.1.2 Skelctal Representation

This type ot LP-Representation consists of sparse spanming sub graphs such as spanning tree

1.2.2 Basic Idea of LP-Representation

In global algorithm environment, the algonthm cannot find the mformation related 1o a specific
arca of the network  Such algorithms visit all the vertices of the graph The local information
based algorthms can restnict themselves to a specihc area  For this task cluster techmque 18
used, 1n which we can maintain mformaton to a specific region All clusters contain connected
nodes and nodes can participate 1n any activities such as keepmg informauon of the neighbors
A node can participate within cluster activities  As discussed 1n | 2 1 |, the two paramelers
will be controlled Lo provide an efficient cluster algonthm A small rudius of u cluster pros 1des
a low time complexity and a low overlapping algonthm guaranteed low memory complexity
Low message complexity 1s based on control of both parameters The other LP-Representation,
1¢ sheletal representation, can mimmize the edges of the graph  Only one algonthm 15 used
without changing The parameter used 1n skeletal representation 1s the number of edges which

refers 10 the cost of the algorthm

1.3 Notions and Keywords

Many mathematical notions and keywords will be used in this thesis The source for notions and
keywords are taken from |4, 5, 6] A Set can be described as, a group of objects objects may
be a number, symbols or even another set  The object in the set 15 called element or numbers
For example, a set of the English alphabet The set will be written in curly brackets Each set
will be presented by a name A sequence of objects refers 10 a hist of these objects n order
The list will be written within parenthesis  The sequence can be divided into two categories,
finite and infinite A finile sequence 1 referred 1o a tuple There may be k-tuple of sequence
element A two-tuple sequence clement called a pawr A relauonship between object 15 called
« function A tunction takes an object s mnput and produces uan object as output  The input
values called domain and the output value called range notation for the function s f X — 'Y
A Graph can be represented as, G = (V, E) where E 15 set of edges and V 15 a the set of nodes
The number of edges incident to a node 15 called the degree of the node and represented by
deg(V) A graph may be directed or in directed An edge v from node « to v 1n a directed graph
will be represented as ur While 1n undirected graph, the edge between nodes « and v will be
represented as 7 The cluster will be represented as capital o A % elc and the covers as
ABC

Hassan Zeb 704-FBAS/MSCS/S513 Page 4 of 60
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1.3.1 Thesis Organization

Rest of the thesis 1s organized as, the chapter 2 15 based on some defintions and prelumunanes
Chapter 3 1s based on hterature review and chapler 4 15 bascd on methodologies in which we
have discussed models that are used 1n our problem solution chapter 513 based on our proposed
solution and chapter 6 1s based on results and discussion Chapter 7 1s based on conclusion and

future work direction
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Chapter 2

Preliminaries and Definitions

2.1 Preliminaries and Definitions

In this section, we will define some notions, concepts and 1deas that will be usetul to understand
the techmical details of the thests Qur defimitions are based on [7, 8,9, 10, 11, 12]

2.1.1 Broadcasting on Network

In distributed network system, a broadcasting operation 15 4 fundamental approach Many al-
gorithm has been proposed for broadcasting (discussed m section 3 1) Formally, we can define
(he broadcast problem as follow,

Definition 2.1.1 (Broadcasting). - Broadcas! operarion start from root 1, which contams a

message Msg ur outbuf for transmission the message Msg is transmutted to the all leaf nodes{6]

Several algonthm has been proposed for broadcasting such as flooding, broadcasting on exist-
ing tree and broadcasting on without exisung tree  All these algorihms have been discussed

formally in section 3 1

2.1.2 Broadcasting

Given a spanning tree T rooted at r,, (ransmittng a message Msg start trom the root node r,,
and transmit the message to child nodes T'he algorithm works on a preexisting tree and cach
processor has the information abut the tree If the tree 1s not exisung, then 1t can be constructed
first through many algonthms such as MST A broadcast algorithm can also construct a tree
Given a graph G = (V, E), to run a synchronous broadcast algorithm on this graph, will produce
a tree rooted at 7, The tree that 15 produced by this algonthm will be a BFS tree rooted at 7,
(sec algonthm 3 1 10) While in an asynchronous system it 1y ot necessary that a broadcast

algonithm will produce a BFS tree
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2.1.3 Convergecasting

When the broadcast operation completed then how the root node will assume the halting of the
algorithm For this purpose, the convergecast algonthm 1s using The basic 1dea of convergecast
algorithm 1s that. start from the leal node and send a message to parent nodes The message
may be a piece of informauton or echo  Through convergecast. we can also make function
computations, namely addition, mummum values and maximum values etc If a node has some
mput values and wants to make computation then this function computation 1s called Semu
Group Computation [Fermally,

Definition 2.1.2 (Semu Group Computauon). - A semt group funcrion 6 has the following prop-

erites,
[ The function & wiil be well defined for given tnput
2 The functton § holds the assocrative and commutative property
3 Th function § may represent shortly according 10 the input

A number of convergecast algorithms defined in section 3 |

2.1.4 Downcast and Upcast

Downcast and upeast are not same as Broadcast and Convergecast This techmque 18 used when
there exist different items to be treated individually and can not be combined with root and chnld

nodes Qur focuses will be on message complexity Details are insecuon 3 1 15and 3 1 16

2.1.5 Application of Convergecast and Upcast

The role of convergecast and upcast 1s not imited  Here we will discuss some of the applications
in which upcast and convergecast used

Smallest Element

In this method, a small value will be collect from each node and will be sent to the root node
Gathering and Propagation of Information

In thas method, the information will be collected and propagated to the nodes The busic 1dea s

that, collect the information 1n the root node and then broadcast 11 to the child
Distribution of Tokens

In this method n tokens will be distmbuted to n nodes in the tree The token size will be O {{og
n) bits

Hussan Zeh 704-FBAS/MSCS/513 Page 7 of 6}
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2.1.6 Time Complexity

Definition 2.1.3. The nme complexiiy of the sequennal algorithm can be defined as,

[{Time Complexity of Sequennal Algoruhm] - The number of steps taken by an algorithm from
start fo end [6, 1]

As discussed 1n section 4 1 2, 1 distributed systems, an algorithm s a collection of sub algo-
rithms (protocols) runming on different processors The time that 15 taken by all sub algonthms
15 the total ime of the algonthm Formally,

Definition 2.1.4 (Time Complexity of Distinbuted Algonthms). - Gnen synchronous algorithm
A, the total number of pulses generated bv A during execulion from mitial processor 1o the last

processor 1s called tume complextry of the distributed algorithm [0, 1]

2.1.7 Space Complexity

in sequential algonthms, the total space covered by an algonihm 15 called Space Complexaty
In distributed algorithms, the space complexity can be defined as,
Defimtion 2.1.5 {(Space Complexity of Distbuted Network). - The total memory bits covered

by algorithm A i the network in the worst case 15 called space compleun [6, 1]

2.1.8 Message Complexity

Lel T be a tree rooted at r, and we wish to send a message Msg on 1t Exactly one message will
be sent on each edge the total number of messages send by an algonthm on each lLink 1s called
message complexity If there are n nodes then n - 1 messages are sent Tn other words,

Definition 2.1.6 (Message Complexity). - The message complexits of distributed algorithm A

is the tolal number of message bits iransmutted duting execution of the algorithm A [6]

In this thesis, the basic length of message will be O (log n)

2.1.9 Communication Complexity

Duning message passing delays occur on edges 1n a given me due 10 highly traffic load and
queued message We are given a weighted graph G = (V, E, dist) where V 1s the set of nodes and
E 15 the set of edges and dist 1s a positive weight associated with each link A weight function
dist  E — Z* 1s associated with each edge is used to find the expected nme that a message

will take to send 1o the destnauon [1]

Hassan Zeh 704-FBAS/MSC5/513 Puge X ot 6l
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Definition 2.1.7 (Communication Complexity). - Transmiting a message over an edge e is the
weight of that edges refers 1o commumcation cost  The total cost of the message that 15 sent

during the execution of algorthm A is called communication complexity of algorithm A

13,6, 1]

2.1.10 Complexity Bounds

A bound on an algorithm refers to the worst case  Usually, the researcher used the upper and
lower bounds on the algonthms These bounds apply to each input of the algonthm The upper
bound refers to a global bound This bound hold for every input and execution of an algonthm
For example 1f we say that, the ume complexity of the algonthm A 15 O (n log n), this mean
that there exist a constant ¢ > 0 such that frme (A < cr fog (n} and when we say that the lower
bound of algonthm A 1s Q{n) 1t means that, there exist a constant ¢ > 0 such that {A) < cn
[6. 1]

Definition 2.1.8 (Unit Disk Graph). - Unu disk graph can be described as the edges beiween
all nodes having distanced at most 1 [10]

Definition 2.1.9 (Euclidean Graph). - a weighted graph whetre the weights of edge represent
Eucldean distances berw een the adiacent nodes n the plan [7]

Defimition 2.1.10 (Planar Graph). - a graph thai can be drawn i the plan without edges cross-
ing (or crossed edges number are 0) and the tntersection is done only on its vertices of G {11]
Definition 2.1.11 (Dclaunay Tnangulauon). - A trrangulation of § points is a Delunnay triun-
gulation. denoted by Del (S) If the circumaircle of each of us triangles does not confain any
other nodes of S in tts mterior A inangle called the Delannav triangle iof 1y arcumendle 1
empty of nodes of S [8]

Definition 2.1.12 (Veriex Induced Sub graph). - A sub graph H (V' E') 1s called induced sub
graph of GIVE) if v’ « Vund e’ € E and euch v’ has the edges whose ends are v’ [9]
Definition 2.1.13 (Edge Induced Sub graph). is a graph whose v’ sel s the end of ¢” {9]
Definition 2.1.14 (Gabnel Graph). - Lef disk (u, v) be a disk with a diameter (u, v)  Then,
Gabriel graph GG(S) 15 a graph in which edge (u, v) 15 present if and onlv if disktu, vj contains
no other poinis of S GG(S) 13 a planar graph {1]

Definition 2.1.15 (Gabniel Edges). - let uv be an edge then uv t5 called Gabriel edge if | 1] <
1 and the disk that has uv as diameter, does not contamn am node from S [8]

Definition 2.1.16 (K-Localize Delaunay Trniangulation) - A trniangle ¥ w28 k-localized De-
lavnay 1f the mterior of disk (u, v, w) does not contam any node of S und all edges of the rriangle
YV wvw have a length fess than 1 [8]

Definition 2.1.17 (Localized Delannay Tniangle). - a k-locafized Delaunay niiangle for some
integer k > I 15 called Locahzed Delaunay Triangle {8]

Definition 2.1.18 (Minimum Spanmng Tree). - Given a connected, undirected graph G(V.E)

. a spaming tree of that graph s a sub graph that s a tree and connects all the veriices of

Hussan Zeb 704-FBAS/MSCS/513 Page 9 of H{)
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the graph A Minmum Spanning Tree (MST) or mummum werght-spanning tree is a iree that
connecis all the vertices of G (E, V) with fess weight {12]

Definition 2.1.19 (Computational Rounds). - m the syachronvus system, total no of rounts
1s considered as time measuring unnl termination These total numbers of 1ounds refer to hime
complexity for the synchronous system For the asynchronous system, rounds can be determined
by propaganng waves across the network [14]

Definition 2.1.20 (Local Runmng Time). - determining global running time of a network is
difficult Local running time refers to the computation of an algonithm benveen different classes
of computers and we are required the total running nme of each cluss of computers [14]
Definition 2 1.21 (Close-in-Distance), - the distance that 13 near with {ransnutier antenna
[15]

Definition 2.1.22 (# - Notation). - can be defined as. for large size N, rhe function f (1) be
posinef12] Mathemaircally, we can write this as, 0 < ¢ gtn) < fln) < coyin) for alln >n,
Definition 2.1.23 (O - Notation). - alsv called big oh, this notatton 1s used for upper bound
[12) Mathematicallv, we can write as, 0 < f(n) < rgin) forall n >n,

Definition 2.1.24 (£} - Notation). - can be used for lower bound {12] Mathemancally notions
15, 0 < cgin) < f(n) forulln 2n,

Definition 2.1.25 (Broadcast). the broadcast process s sturting fiom the source node r, the
message is kept tn the input biffer and then transmir to s child nodes [6]

Defimtion 2.1.26 (Breadth First Spanning Tree). - a iree T is BFS if the length between ihe
roat node and other node v s minimum [6]

Definition 2.1.27 (Cover). - a collection of clusters $ = 5, 5. S, of the graph G = [}
E) s called a cover that consist all vertices of the graph [6]

Hawan Zeb 704-FBASMSCS/S13 Page 10 of 60



Chapter 3

Literature Review

3.1 Related Work

In this chapter, we will describe the previous literature that 1s related to our work Specihcally,
our worh 1s based on the [18. 34, 17, 14, 13, 15, 8, 20, 5, 16, 197, 31]

3.1.1 NCQA Algorithm

The authors [16] defined the model of the paper as, given an undirected graph G = (V, E} where
V referred 1o the number of nodes and E to the number of edges The cluster was defined as the
subset of connected nodes The neighbor of the CH was the nodes that had a connection with
it The author produced the concept of strong nodes, weak nodes and border node 1t node v
had more than Three neighbors 1 ¢ deg(y) > 3 then this node was said to be the strong node H
a node had equal to two neighbors then 11 was weak and a node with one neighbor node called
border node For cluster head selecuion, the prionty given to strong node  Another concept w s
the division of range 1n zones, such as strong zone, mtermediate zone and nsqued zone The
first two zones were called the trusted zone while the third zone had the neighbors which had no
trusted neighbors The algonthm was based on two parts, cluster head selection and formation
of cluster head member's set Cluster head selecion was based on the weight of the node, here

weight mean

w,—1)1'111+5TR112+LHH;+ By t3 1)

where D, was the distance factor, STy was the stability factor, L was the load balancing

factor and B; was (he remaiming battery time
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If the weight was greater then select it as a CH In the second part, start the construction of the
cluster set In which the author finds the degree of the node The stability of the cluster medns
that the node position was not changed dunng execution Load balancing factor was used to
minimize the number of nodes  The author had calculated the node dissemination degree Lhat
reflects the relave deviation of the number of neighbors We have determined that cluster

overlaps are high m this paper and node degree not changed The algonthm was as tollow

Algorithm 3.1.1: NCQA Algonthm
input : A Graph G = (V. E)} neighborhood and distance

output: Sei of clusters

1 for v < Gdo

2 Find the neighbor of ¢

3 cal (E)

4 Calculate stabilily facror
5 deg(v)

6 Find battery tume

7 Calculate uy

s end

¢ CW — u,

10 Sort CW in increasing order

n while CW # 0 do

12 1, — CW ,CH ¢,

13 Delete v, and neighbor of v, from CW

14 end

3.1.2 Cluster Algorithm Based on Parameters

In this paper [17] the author presented an algonthm for clustering which was based on node
degree, remaining power level, stationary level and remaiming ume battery The assumption of
this paper was that, the network topology was ume event, when a message was broadcast then
each neighbor node received the message from a fixed radio transmission range and each node
had fixed 1D and know their fitness parameters The author told that there was scven messages
and the most important was «/i_:n fo message In ¢/iinfo message cach node downcast the
address, hitness, address of CH and node state  Each node maintained the information table
which store the information related to the parameter and the internal table to stores the neighbor
informauon Table updating was based on the message event When a message was received
the table becomes updated In this paper, the latency 15 more {as the clusters contain only the
neighbor nodes) and also the degree of the nodes 1s high  Cluster overlaps also occur The

general idea of the algorithm was as follow
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Algorithm 3.1.2: Cluster Algonthm on Parameters Based
input : A Graph G = (V, E) neighborhood and distance

output: Sct of clusters

1 foreach v € Gdo

2 Beasi(chan fu) — neig(v)

3 cal (F)

4 end

s if cal (F) > neig(F) then

6 Post(ch_nonunatedy — neigiv)
7 and wait for ch_nominuted from neig{v)
s end

9 if Get{c h_nominated) = 0 then

10 CH=yv

i Post(ch_selected) — neig(v)

12 else

13 1 Again compare

4 end

The formula for fitness was as follow

F=D\Hl"‘PHl‘_)"‘S—F‘llrd"—!j(li[ ‘32)

where Dy wds the number of degree of the node, Py was the received power level, S - Fwas
the stationary factor and 3; was the remaining battery ime

3.1.3 K-hope Cluster Algorithm

Chen et al [ 18] described a cluster based algonthm In which he created clusters by the lowest
ID of the nodes The basic 1dea was that, select any node for starting the algonthm and transmat
the message Msg 10 k-hope neighbors  The author takes into account the degree of the nodes
This mean that if a node has high degrees among k-hope neighbors, then select this node as the
cluster head otherwise if 1in case of 4 tie, chose the mimmum ID node This algonthm reduced
the number of clusters (tor k) but not good when k 1s one  As ua resuliant the broadcasting over-
head (communication complexity) become low but the node degree or load was sull 4 problem

Formally, the algonithm can be defined as follow

Havian Zek 704 FBAS/MSCS/S11 Puee 11 of 60
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Algorithm 3.1.3: K-Hope Clustering Algonthm
input : A Graph G = (V, E) where V was set of nodes and E was set of links

output: Set of Clusters
1 Post(my.d)
2 upcast{my_d deg(v)
s M myad < rece(ids) and iny_deg(v) > 1ec_de g(v) then

4 mc.ad = myad
5 broadcast (my_td. me_ud)
o else

7 if my_deg(v) > rec _deg(t) then

] mead = myad

9 broadcast (my_1d, me _id)
10 end

11 end

3.1.4 Routing with Guaranteed Delivery (RGD)

Bose et al  [19] were the first who presented average-case efficient routing algonithms with
guaranteed delivery 1n ad hoc wireless Networks In the first algonthm, extract a connected
planar sub graph in distnbuted manner The main 1dea was, ntersect the LUnit Graph with
Gabriel Graph and the author showed by a lemma that the resultant sub graph was planar In the
sccond algonthms, they presented the routing algorithms, one was Face-1 and the other was the
(extension of Face-1) Face-2 which was better 1n performance than Face - 1 The routing was

done by tamous Left-Hand rule

3.1.5 Cluster Algorithm Based on Node performance

The authors [20] were described an algorithms that were based on the performance of the node
The performance could be evaluated through Residual cnergy, free memory, processor speed,

disk space and node density The formula was

Nodepre] = Residual energy x b + free menmon X b + processor speed \ b + disk space x b +

node densin X B

Where b was a weight and can be found by the classificaton rank order centroid method The
main algonthm same as OLSR protocol but the selection of the cluster head was different In
OL.SR protocol, the nodes were divided mto three states, state 0 (not decided), state 1{cluster
head} and state 2 (member) furthermore, each node calculate their own performance and send

il to the neighbors The algorithm was as follow,
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Algorithm 3.1.4: Cluster Algonthm Based on Node performance

1 vate=10

(=]

cal(nodepref)
if nodepref < nodeperfi then

(™}

‘ mystate= CH
5 else
6 i mysiate= member

7 end

3.1.6 Distributed Graph Algorithm (DGA)

In this [21] paper, the problem can be divided in two phase Phase [ cxtract the connected planar
sub graph from the given graph by the geometric routing algonthm i ad hoc wireless network
The problem can be formulated 1n the geometnc graph as follows Let & be a set of nodes
deployed 1n a certan region R, with | v =n  The problem was to build a planar graph &
= (N, E) on N such that each node was connected to 1ts closest neighbor Formally the edge
fu. vjeE 1f and only 1t ${u v) < 1 Where d/u 1) was the distance between node « and 1ls
closest neighbor v The author used to extract 4 localized Delaunay triangle from 4 graph G and
remove other edges Phase 11 In this phase, the author used face routing algonthm of Kranakis
et al [22] and Bose et al [19] for rouung on the graph computed by the dlgorithm in phase |

3.1.7 Optimal Distributed Algorithm for Minimum Weight Spanning Tree

Awerbuch [23] presented distnbuted algonthms for MST Two stages was used in this algonthm
Counung Stage 1n this stage spanming tree can be found, another purpose of this stage was 1o
find the total number of nodes and a leader can be selected in the network MS| Stage the
total number of nodes can be sent to MST stage that funded in the hrst stage and using this
intormation find mtmmum weight-spannung tree  The message and ume complexaty for both
stages were O (V + Viog (V}} and O (V) respectively The main purpose was that, The small

tree was nol waiting for big trees

3.1.8 Hierarchical Clustering Algorithm

Bancrjee et al [24] descnibed a structure of hierarchical clustering  There was two phascs of
the algornthm, first phase based on BFS algonthm to create a spannung tree rooted at 7, and
the second phase was based on the cluster creation procedure When a BES tree formed then

piggyback a message 1o the root 10 start the cluster credtion process The root s the lowest id
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node 1n the graph The author showed that two cluster head could be neighbors 1n the subgraph

The cluster creation procedure was as follow

Each node discovered their sub tree size and adjacency 1nformation of the children in the tree
The piggyback message contains information related to sub tree size and adjacency mformauon
The piggyback message started from the leaf nodes to the root nodes When a node realize that
my sub tree becomes large than k then stop and make the cluster If the number of nodes

becomes small than & 1n the sub tree then the cluster formed by the algonthm could be one

Mamalis et al [25] prove that this algonthm produces clusters with overlaps It s noted that the
node degree 1s sull not changed We also note that in some cluster the hope or distance between

two nodes become large

3.1.9 Distributed Cluster Algorithm

In this section, we will show some algonthms that were used for sparsity  We will consider
some parameters such as neighborhood relation betw een clusters and the outgoing edges In the

next scchion, we present 4 clustering algenthm which was based on [26]

The aim of cluster algorithm was to divide the graph nto sub graph A parution § — {8§; S,
8.} was a collcction of disjoint clusters1e S S =@ where S, 5" € S Duc to disyoint
¢lusters, there was no overlap between clusters Informally. the algonthm starts from given
source node and constructs clusters layer by layer In layering procedure. each node would be
the part of some cluster The parent nodes 1n algonthm 3 | 10 would be the leader node which
was formed the clusters the child nodes would first find tts parent and then the parent node

create the cluster
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Algorithm 3.1.5: Cluster Algorithm
mput : A set of Clusters

oulput: A set of Covers
1 S« (and p=0
2 while V is not empty do

3 sclect ve V

4 if v was parent or root then
5 S+ v

6 while p < deg(v) do
7 ‘ S « neigh(v)

5 end

y §=8S—1JS

10 V=V-8§

n end

12 end

13 output S

3.1.10 Distributed Sparse Cover Algorithm

In distributed computing sparse neighborhood cover was first introduced in the paper [27] A
sparsity can be achueved by controlling the diameter and the overlapping of the clusters I we
consider the diameter of a cover r 1n the cover then overlapping of clusters become more and
if we consider the whole graph/network as one cover then the diameter become uncontrolled
{as up to n where n was the number of nodes) So the author bound the r-neighborhood cluster
diameter to O(rlog m)) and cluster overlapping to O(log n) The time and space complexiy was
O(n log n) The main 1dea had been 1aken trom [27] A cover S={5. S., S} wasa
collection of clusters ¥ = { ¥, ¥, %} The main 1dea of the algonthm was. dinide
4 given graph G = (V, E) m a connecled subgraphs, called clusters and combine vome clusters
to form a cover This cover would consist all the vertices of the graph  Some problem arises
in coners such as when neighbors nodes belongs to separate clusters (which cause information
cxchange problem) To solve this problem. 1 2 approach would be used Two basic parameters
were used [or a cover for quality evaluation, namely, the size of clusters and Level of interaction
It the size of the cluster was small then 1t was possible (hat the communication withing cluster
become less 1¢  message complexity The radius of the cluster dehne the size  Interaction
level was dehned by the degree of the node / cluster The algorithm was basved on the 1dea
of "Codrsenmng” 1¢ repeatedly merge the clusters to form a cover Here the author discussed
two algonthms, namely, cover algonthm und Max cover algorithm Max cover algonthm mahke
covers from the clusters and the cover algorithms make clusters Informally, the cover algorithm

starts from the root cluster and construct an output cluster Y 1teratrvely The root cluster Y was
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called kemel of the cluster that would be constructed 1 next iteration 4 new layer £ would
be constructed around Y which hold those clusters which were not the part of merged clusters
The merging process was based on layening The cluster that was bwlt afier the root would be
considered 4s 4 kernel and so on The merging process would stop after sparsity condition te
ARSI

Formally, we can define the cover algonthm s follow,

Algorithm 3.1.6: Distnibuted Sparse Cover Algonthm
input : A graph G = (V, E) Cluster # and integer K < 1
output: Cover Clusters S

1 R«S8

2 Set S 1o empty

3 Repeat

a4 CUM, CM) « merge(R
s S— CM

s« R=R - CUM

7 UNTILR =@

The algonthm (3 1 6) starung from assigmng clusters o # and the cover & to empty In the
loop. Lhe merge function was called This function was used to find clusters that jotned the ¥
clusters and the remaining clusters After finding the merged clusters, we add thesc clusters 1o
cover Lhe process terminated when there was no remaining cluster now, let formally detne the

procedurc merge

Algorithm 3.1.7: Cover Algorithm
input : A vet of Clusters

output: A set of Remaming and Merged Clusters
VU =K
2 set CM and CUM to empty
3 Repeat
3 Select ¥ £ % and set Z to S
s Repcat
6 sel Z oY
7 Set| ), 4+ S 10Y
s 2 — {swheres€ ¥ and SNY # emply}
s Until | Z|<n'™* | Y|
10 Y — Y-
u CUM e« CUMUY
2 CM—CMUJY
13 Until% =0
14 Output (CM, CUM)
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Figure 31 Cover Algonthm Example

The algornithm 3 1 7 starung from the unprocessed clusters U equal 1o # Some cluster of #
merged to another cluster Y iteratinely starting from root cluster s e the root cluster reters to
Y and 1n each iteration, some cluster of U merged with Y Y was also called the kernel The
clusters from U was 1ntersected with Y and merged in a layered fashion with Y which produce
a new cluster Z For the next layer, the Z cluster would be viewed as a new kernel The process
would continue until a sparsity condition becomes true  The resultant cluster Z then add to CM
while Z contain the kernel clusters % contain those clusters which were not the part of the
kernel and added to CUM

Time and Space Complexity
Theorem 3.1.1. The algorithm 3 1 7 construct a

! Coarsening Cover CM which coarsens CUM and

[ 2%

There was no common vertex between kernelvie Yo ) =0 and

Ly

CUM < | 2"~ where

Proof [ ‘Fhis was clear trom the beginming of the algonthm 3 17 that the input was con-

nected clusters so edch cluster Y added to CM was clusters

]

Let suppose for 4 contradiction that dv € Y V' then v belongs to Y and V' by defini-
non This situation cause a contradiction, because of ¢ M % # empty condition 1n the
algonthm v must be 1n Y not in next kernel by eliminating from % i last steps ol the

algorithm

3 As we can see from the termination condition of the internal loop that | 27< n' * |
Yjso| 2l =X, | Z|<Yy | YR =R |CUM = CUM > | #' 1*

g

3.1.11 Adaptive Clustering for Mobile Wireless Network

Lin and Gerla [28] presented an algonthm which was based on lowest ID of nodes Informally,
pick the nodes that have the lowest ID, mark this node as the hirst cluster and broadcast the
cluster ID to neighbors The neighbor nodes would check their ID wath the received cluster 1D,

if the node ID was greater than the recenved cluster 1d then merged in the cluster otherwise make
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your own cluster Each node broadcast the cluster message before halting The problem of this
algorithm 15 the maximum number of clusters and degrees  Formally, the Distributed Cluster

dlgorithm was as lollow,

Algorithm 3.1.8: Adapuve Clustenng Algorithm
input : A Graph G = (V, E) where V was set of nodes and E was set of hnks

output: A set of Clusters
1 if my_d was smallest in the netghbors then

mo_d = myad

broadcast (vry_ed. e _ued)

4 end

5 on recerving (my_id, mc_d)

6 riid=meod

7 check with own 1d

8 il me d was empty or my_ad > re.id then
e rd =1eod

remove my 1d [rom Lhe list

11 else
|

repeat the first procedure

13 end

Example of Adaptive Clustering Algorithm

The example of the algonthm 3 | 8 1s as follow
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Figure 33 Clusters
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3.1.12 Broadcast

In flooding, we resend muluple copies of a packet with hope that at least one copy of message
would re.ach the destination but this causes a maximum load on the network Broadcasting was
uscd for one-way communication from the parent node to all 1ts child nodes In breadcasung,
each node would send a message/packet exacily one ume In this section, we will discuss some

algonthms that are helpful for our work

3.1.12.1 Distributed Broadcast Algorithm

Awerbuch [26] also presented a distnibuted algorithm. He combined two algonthms one of
which have low time complexity but communication complexity was high and the second onc
has low commumication complexity but ime complexity was high Awerbuch try to make such
algorithm that was fine in both ime as well 43 1n communication «omplexity A node was safe
if each message was sent and recetved at that pulse in which 1t send  Intormal descripuion of
the first algonthm was as, through acknowledgment, each node detects that it was safe and
report this to its neighbors and when the root node determined that it all Child was safe then
1t generates the next pulse The communication complexity was O L) = O} V%) and the
time complexaty was O(1) Description of the second algorithm was as. atmitialization phasc,
a leader s can be chosen and the spanning trec would be construcied rooted at ro  First the
leader would try to understand that all the nodes were safe 1n the current pulse and broadeast
the message that the leader may generate a new pulse Now when a node becomes safe then 1t
sends a message to ancestors that he was safe (1¢ convergecast) The message complexity was
O{| 171} and the ume complexity was O(| V|} Note that the ime was proportionat to the height
of tree which may become | V'|-1 in the worst case The proposed algonthm was as follow 1n
the nihalization phase, the whole network can be divided 1nto clusters The tree 1n one cluster
was called intracluster tree The communication between clusters would be done on one hink
that was the minimum weight link A leader would be chosen mside cach cluster and this leader

would be responsible for operation between intracluster trees

3.1.12.2 Distributed Broadcast Algorithm 2

Attiya and welch [5] also presented a distnbuted broadcast algonthm in which each node receive
Msg at most D ume The main assumption was that, the network ropology would be fixed and
the message exchange between nodes must be constant The 1dea was that, when each child
node recetve the message Msg . it sends to the next neighbor (child) nodes except the sender
node A single bit was used to chech where the node saw Lhis message or not, 1l yes then

termimate the algornhm Formally the broadcast algorthm was as follow
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Algorithm 3.1.9: Broadcasting
nput : A Graph G = (V, E) where V was set of nodes and E was set of links

output: A spanning tree rooted at 7,
1 1f [ am the root then

2 Seen-Message « True

3 forward message Msg 1o all Neighbor

1 else

5 if f am the non-roo! then

6 Secn-message«— false

7 Receive the message Msg

¥ if seen-message « false then

9 seen-message « true

10 send message Mg to all other nodes
" end

12 end

13 end
Correctness

Theorem 3.1.2 (Correctness of 3 | 9). Each node would receive at mosi | 1. messages afrer af

most D time from Where E wus the set of edges and D was the diameter of the network

Proof Take the first pant of the theorem The root node would send the message to all its
connected cdges and the child node would send the message to 1ts child except parent node So
this scenano lead us to the point that the message would travel across all the edges of the graph
once If a node 1s not recerved the message then 1t means that this was nol the neighbor of any

node Now let proof the next part of the theorem by inducuion

1 Basis If there was no neighbor of the root1 e dist (root, v) = 0, Then root would recerve

the message at time 0 Therefore the first step wus truc

2 Inductive siep for inductive step let d (roor, v) = A where k > 0 Since dist £ 0 which

means that there exist the neighborof v 1e 1 so,
e distfroot, \i=k
e disi(root, u)=k-1 and
o distiroot, v)=(k-1)+1 = k Hence the proof
O

The message compleaity of 3 19 algonthm was £ and the ime complexity was D as dus-

cussed in 3 1 2 theorem
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3.1.13 Broadcasting on Preexisting Tree and Non-existing Tree

The broadcast algorithm problem can be divided into (wo categones, namely broadcasting on
existing tree and without exasting tree [5] we only discuss broadcast without existing tree This
algonthm was also based on flooding techmque Three vanables involved in this algonthm

e parent // Broadcasting from root
¢ child // Broadeasting {rom leafchildren
e already // 1 am already someone’s child

Informally Atuya and Welch [5] described the Aooding dlgonthm 4s follow, each node mamtain
their own processor and local memory The computational process was same as discussed n
section (4 12) Each node contains mbuf and ourbuf for cach channel additionally with a
parent, children and orker vanables The root node would be set 1o parent p, node and deliver
the message Msg to the children p, nodes If a p, node received the message Msg for the first ume
from p, node then 1t would set the parent vanable to p, and the message would be forwarded to
next neighbor node After amving 4 message from other node p, 1f p, node recerved already 4
message from p, and p, select the p; node as parent then it would send 4 message ulready to
that [ have already selected a parent Possibly, 4 node can recerve more messages from several
nodes. then 1t would select their parent arbitiranly among them Some vanables were used in the
algonithm such as other, parent, child, myparent and terminate | he algonthm was as tollow

Inmally other. parent and child vanables was empty,
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Algorithm 3.1.10: Broadcasting on without exisuing tree
input : A Graph G = (V, E) with a disunguish root node 7.,

output: A BFS tree rooted at r,, and cach node have their parent

1 Al the root p, node
2 1l outbuf 1y empn then

3 ‘ halt — true
4 else
5 Parent = p,

6 8 Outbuf, x deliver — nbuf,

7 end

2 Al child node the message delivered {rom p, node
¢ if parent — { then

0 | parenr=p,

)| Post{Ack} to 7, as parent

i2 Compute(1}

13 § mbut % cornpule = vutbuf,
¥ dehver(s, ;. msg)

15 § Outbuf, x delicer — mbuf, -,
16 else

17 | Send mvparent 1o p,

s end

1v On recerving Ach from child p,

w chdd | p,

21 if chuldren | other conramn all neighbors except parent node then
n | halt

2 end

A

On receiving myparent from node p,

s other | p,

26 if children | other comamn all neighbors except parent node then
Py} | halt

23 end

Figure 3 4 1s an example of the 3 | 10 algorithm In this example the red edges show that this
1s not the cdge of the resultant tree. While the black hne shows that the edges are the part of the
lree

Lemma 3.1.3. The algorithin 3 1 10 Produce a BFS tree rooted at P,

The author showed by induction of 1 that the resultant tree of alganthm 3 1 10 was a BFS (ree
Basis
Fori=1

Since all variables are empty and the message 1s 1n transit mode from pr and there 1s no node n
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Figure 3 4 Broadcasung on a Graph

Lthis position

Inductive step

Let thisastrue forr- 1 =1 Dunnground ¢ - 1, Let | bed node that receive the message Msg
from the parent node f at distance £ - 2 The node f received the message afer distance r- 1 The
node that received the message at distance ¢ - 2 not changed 1ts parent position neither dehivered
4 message and every node at distance 1 - 1 changed his parent as well as deliver the message
Thus. we can sav thal each node connects only those node which 15 at distance 1 1¢ nerghbors

This lemma shows that the message complexity 1s O(Msg) and ime complexity 15 O

3.1.13.1 Distributed Mulu-Message Broadcasting

Yu et al [29] proposed a randomized algonthm for broadcasting, in which he used & threshold
(i log n) probability tor ume slots to send a message 10 the nextnode  Informally the aigorithm
works on dominating set and start from any leader randomly The leader propagates the message
and the non-leader hear from the parent Il a leader received the message for the first ime from
another leader then delete the message from the queue after sending Formally we can descnibe

the algorithm as follow,
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Algorithm 3.1.11: Randomize Broadcast Algonthm
input : A Dommating Set

oulput: Propagation of information
1 if Msg # empty then

2 for i1 log n time-siots do
3 degeu — Msg

1 Post — nect_{cader
5 end

¢ else

7 l Listen from other nodes
« end

9 Upon Gei(Msg)

10 if GettMsg) then

11 Buffer the message Msg and
12 Post(Msg)

1n end

3.1.14 Convergecast

The comvergecast algonthm was used tor two-way communication from child nodes to the par-
ent node The matn purpose was to collect information throughout the network  The process of

convergecast was done in opposite manner of the broadcast

3.1.14.1 Distributed Convergecast Algorithm

Pelege (6] defined the converge cost process 1n the following words  The algorithm starts from
the leave nodes and send the inputs to 1ts ancestors nodes recursively Formal description of the

convergecast algorithm was as follow,
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Algorithm 3.1.12: Distnbuted Convergecast Algorithm
input : A tree

output: Collection ol information
1 if Pid = Leaf then
2 ‘ Send mput to parent node
3 end
+ on recerving message Ack and input 3 from leaf node Buffer = (3, Ack)
s if biffer £ B then

6 v «— f (buffer, input)
7 il I am the root then
s ‘ Return v

9 else

10 I Send v to parents
11 end

1z end

Theorem 3.1.4 (Correctness and Complexity of 3 1 12). the message complexirv of the 3112
algorithm 1s O(n-1) and the time complexity 1s D

Proof The proof 1s same as theorem 3 1 2 but the only ditference 15 that, the messages send by

leal nodes are only n-1 Where n 1s the number of nodes of the network )

3.1.14.2 Randomize Convergecast Algorithm

Kessclman and Kowalski |30] presented o4 randomize distnbuted convergecast algonthm  The
basic 1dea of the algonthm was that, imually all nodes was active and then starting the algonthm
to collect data The collection of data was based on rounds at one time step A transmission
range of an active node can be defined as, the closest distance between nodes So set the trans-
mission range and transmut the data to the neighbor at one ume step and then the node become
mactive At last, when one active node remains then the algonthm become halt Formally the

distnbuted convergecast algorithm can be define as,
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Algorithm 3.1.13;: Randomize Convergecast Algonthm
input : A Graph G = (V E) where V 15 set ot nodes and E s set of Links

output: Collection of data from all nodes

1 if niy state 15 active then

2 for round t, start do

3 Tran(R) = min distin, v)

4 if Post{Msg) without any collision then
5 My_mode = active

6 else

7 end

s merge the recerved data with self

9 end

10 end

3.1.15 Downcast

In downcast, each root has distinct ttems / = . 7, . n,. which was destined n a specific
node 1n the tree The 1tem may be a number or message [6] The algorithm for downcast was as

tollow,

Algorithm 3.1.14: Downcast
input : A tree with root node 1,

output: Downcasting of disunct messages

1 if sratus 1y roor then

2 Send the message to the subtree rooted at w one by onc on edge (7. w) order
3 else

4 il status = ntermediate then

5 recerve at most one message al each step
o if status = destination then

7 ‘ don

(] clse

9 l Send to next node u

10 end

" end

12 end

Lemma 3.1.5. Algorithm 3 | 14 take ttme O (Msg + depi (T)) on Msg distinct messages on the

rree T

Proof In each step the root 7, propagate at least one message So it will take time Msg When
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the message are never delayed, it proof the lemma as message start trom r,, and leave ar ume

t The message reach to 1ty destination after Msg + depi (T) O

3.1.16 Upcast

In upcast, since each rool has distinct ems I = 11, 72, . .. which was desuned 1n one or
more node of the tree Each 1tem of the node would be sent to parent node mdividually The
1tems may be ranked, ordered and unordered the goal was o collect information on the root

node

Ranked items - all 1tems arc taken from an ordered set and given rank to cach tem  The

upcasting was done in follow ing manner 6],

Algorithm 3.1.15: Ranked llems

input : A trec rooted a r, with disunct data iems
output: Upcasting ranked 1tems

1 At first round

2 il The tth (1, I} trem is stored wn local node then

3 forward to parent node

4+ end

Ordered Items 1n this case the 1tems has been taken from ordered sct but not ranked This

type of iemns used for comparison The upcasting was done 1n the following manner,

Algorithm 3.1.16: Ordered ltems

input : A wree rooted a r, with distinct data items
output: Upcasting the smallest 1tem

1 On each round

1 1f [ ant the smallest 1tem then

3 forward to parent node

4 end

Unordered items the 1tems was taken from the unordered set  No comparison ¢dn make but

only for ID1¢ only send [Ds of the node to the parent [6]

Algorithm 3.1.17: Unordered Items
input : A tree rooted a r, with distinct data iems

output: Forward local stored 1tem to parent
1 On each round
: Forward the 1tem to parent 1f not upcast
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3.1.17 Tree Construction

A variety of algorithms introduced by sanous rescarcher tor construction of trees such as BFS,

DFS and Distributed Shortest Path

3.1.17.1 BFS

To construct a BFS tree, There are two types of distnbuted BFS tree construction, one 1s Dijkstra
and the other 1s Bellmon-ford Let we examine the Dykstra The distributed Dijkstra algonthm
construct the BFS tree 7, 1n layer by Layer manner from the rool node to neighbor nodes n
cach pulse At each layer, the parent node adds the neighbor nodes that is not in the tree yet

Informally we can describe the distnbuted Dijkstra algorithm as follow [6]

Algorithm 3.1.18: Tree Construction
input : A Graph G = (V, E) with a disunguish root node 7,

output: A layered BFS tree rooted at r,
1 At root r, node
2 pulse =0
3 beostiMsg) — neig{v)
1 On child node
s GetiMsg)=true
6 1f parent (w) = @ then
7 parent {w)—>
3 v o— cdhnldiw
9 collect{Ack) € neig(v)

10 upcasf{Ack)lor,

1 starl next pulse
12 else
13 Post{Ack)

14 end

3117.1.1 Analysis of BFS

Time Complexity Let analyze the ume and message complexity of the above algonthm  The
broadcast and convergecast process would take 2D tme The downcast and upcast {find new

neighbors) would take 2 additional ume units, The total ume 1s ime(phase p) = 2p+2

for | < p < diam(G), then

Huvsan Zeb 704 £BAS/MSCY/S13 Pave 1o A1)



CSLE Algorihm jor Load and Latency Balancing Chapter 3 Literature Review

5, ume(phase p) = £, 2p + 2 = Otdiam*(G))

Message Complexity There are p iteration and the total messages on each iterauon 15 O(n) Let
p > 0and V,, £, be the set of vertices and edges repetitively of the sub graph G(} ;) 1n a layer p
Lel E, be the internal edges of ¥, and let £, .1 be the edges connecting Vptol, . Atphase
p, exploration messages are sent only over £, and 1p5,), and the edges of [, arc traversed

twice, g1ving message(phase p) = O(n) + O(| Eph + O(| £p p = 1)
for 1 < p < diam{G), then

», message(phase p) = X, O(n) + O( E,|) + O(] E), p+1])=0(n * diam{G) + | £/|) [6]

3.1.17.2 Distributed DFS

Thus algorthm was commonly used for explorauon of a graph [31, 6] Basic idca of BFS was,
start from root 74 and send a message to the neighbors 1f the child was visied by another node
then return to parent otherwise visit 1t and processed turther If we visit a node that have no
any parent then done In distnbuted version, a tohen was used 1o traverse the graph in depth hrst

manner Informally, let examunc the DDFS,

Algorithm 3.1.19: Distnbuted Depth First Search Algorithm
input : A Graph G =(V, E) with a disunguish root node r,

ontput: A DFS tree rooted 4t r, and each node have their parent

1 Sturt the token from a parent node 7o,
2 When the wohken urmived at child node
3 1of sratus = umrsnted then

1 l Explore them ,

5 else

t \ Go back 10 parent 7y,

7 end

8 parent(v) = NULL, then we terminate since v = 1y,

3.1.17.3 Distributed Minimum Weight Spannmg Tree

Gallager and Bui et al [32] had presented algonthms that built a distributed MST The main
1dea was that every node start with a single fragment and each node find the shortest distance
edge Each fragment has a level The fragment that has one node was at level 0 The level of
tragments used for the combination of fragments If a fragment was wished o connect with
another fragment then we have the following cases If L = 1 where F was the fragment of L
and L' = 2 where £ was the fragment of L then F would be merged in F° and the next level
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willbe L' + 1 IfFand I have the same shortest distance edge and L = L then the {ragments
from a new fragment F at level L" and the cdges was called the core edge The nodes have
three states, the sleeping, find and found states The sleeping state was the nitial state of the
node. the find was the state when a fragment search 1ts minimum outgomg edge and the found
statc was the state when the mimmum outgoing cdge dunng convergecast, each node upcastits
mimmum welight of edges through an intermediate node and when the convergecast lerminate
at the root node, the root selects the tuples with mummum weight and this was the MWOGE
When a node was awoken, it find its mumimum edge and marks this edge as branch Then 1t send
a connect message 10 another fragment through branch edge and then it goes to found state The
algonthm lake a fragment and connect with other fragment through the core edge The weight
of the edge was the 1dentity of the fragment and act as 4 root of the fragment trec Nodes that
was adjacent to the core sent an initiate message (o borders Om arrival of inihiate message the
node. find the mimimum outgoing edge This node send a test message to all the «dges 11 the
edges were same then 1t reject.f the level was high then aceept and if the level was low then
wait Every node send the report If no smallest edges found then the algonthm was complete
Message complexity was 61 £+ ¥ log} } and ume complexity was {V lugl ) The problem was,
small trees wat for big trees and this was solved by [23]

3.1.18 Summary of Literature Review

In this section, we are going to present the summary of the literature review We have dis-
cussed 10 chapter one that we will present a distributed algomhm which will be based on Local
Preserving Representation (LP Representation se¢ section 1 211} The cluster representdtion
of L.P Representation 15 our main point of concentrate (section | 211) In chapter four we
have discussed some models that will be used i our Thesis The computation model 412
presents the commurication phenomena between nodes  As we discussed 1n chapter one that
the communication between distributed systems done through messages, the message passing
model {section 4 1 3) will be used as communication model in our thesis Secuon 41 11 and
41 14 are also imvolved 1n our problem In chapter Two, we have discussed some defimtions,
from which we have got some 1deas 1o understand our problem Mamal et al [25] presented a
clustering algorithm which solves the problem of intracluster as will as the intercluster commu-
nication They have used the BFS algonthm to find the clusters and when the tree constructed
then start the upcast procedure to build the clusters  Also communication between nodes be-
come less but 1n some cases, we have noted that the intracluster communication becomes large
In other words. the communication between two nodes {(or cluster radius) become large as we
can see 1n figure 6 3a The algonthm of Aussa et al [16]1s usetul in term of a number of clusters
of the network It maximizes the number of clusters of the graph But there are some problems
with this algonthm The radius of the network become large and also the intracluster as well as

the mntercluster communication has become costly The cluster overlaps cannot be stopped 1n

Hassan Zeb 704-F BASMSCY/S T3 Puge 12 0f 60



CSLD Afgortthm for Load and Larency Balancing Chaplur 3 Luerature Review

this algorithm Chen et al [18] presented a clusienng algonithm 1n which the communication
between cluster munimized but sull there 15 the problem of cluster overlaps and degree of the
nodes not reduced The author used two techmques 1o find the cluster head, one 15 lowest 1D,
and the other 1s maximum degree This algornihm is good when Kk is greater than three otherwise
our presented algorithm 1s the good solution In papers (26, 27 presented clustering algonthims
based on k-hope layers The authors of these papers considered the tolal number of nodes and
compare 1t with the previous nodes to find a sparse structured network but the problem 15 high
communication complexity Papers [29, 5. 26] are based on hroadcast and convergecasting
which are imvolved in our thesis DBFS and DDFS algorithms [6, 31] also have involved in our

thesis

3.1.19 Problem Statement

We have deterrined in the hterature review that many papers are based on load balancing
and other papers emphasize on latency balancing but it we mimmize the load then the latenuy
becorne maximum and 1f we mimmuse the latency then the load become maximum We need to

balance both load and latency
In other words, we can define our problem as

Given a weighted network graph N = (S L. dist) on the 2-dimensional Euclidean space, where
$ 15 the set of n sensors, L 1s the set of communication links among sensors such that s«
€ S. and 1 non-negatrve weight function dist £ — Z*  Our thesis (problem) 15 1o build
a distributed sparse structure for efficient communucation in network N in 2 localized manner
on the distributed computational model (synchronous and asynchronous) such that the resultan

network NV 1 sparse subnetwork and balanced in terms of network Toad and naisork latenes

Using the assumptions, we proposed an algorithm that will make balanced the abore mentioned
two crteria Qur algonthm will use the clustering techmque in the synchronous distributed

environment to balance the load and latency for the wircless networks
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Chapter 4

Methodologies

4.1 Network Models

In this secnon we will discuss the model that will be used throughout the thesis The man

papers and books for this section are [13.12.3 2 6 4, 1]

4.1.1 Communication Model

Point 10 potnt commumcation network will be represented as an undirected graph G = (V' £)
where V = {t 1, v, } as a sct of nodes/processors and £ = {e1 2 Cn}asaset
of edges representing communication bidirectional channels connecting the nodes Sometime a
non-negative weight funcuion drst £ — Z 7 will be associated with the cdges e = (u, v} con-
necting u, » nodes Each node/processor will be idenufied by aunique IDP = {0y '
which is one to one mappingi1¢ /D V -» P The communication phenomena ts a5 tollow
the vertices have ports equal to the total degree of vertices and each edge 15 connected to exactly
onc port Edge (1. v) 15 connecled to both veruces with (w110 gy par, where 1< 17 deg i)
and | < < deg (1) Each veriex has input and outpul buffer tor storiag i / out messages and

processors read from theirs

4.1.2 Computational Model

The computation 1s based on algonthm followed by protocols te A={A A, Ay Al
and each protocol A, 1s running on each v, processor Each prolocol A, consist set of states, 2
set of alphabets and a funcuion such that A =N Qo Q)

Where

v = (inbuf, outbuf 1¢ Msg)

34
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Qi = (Q M Q)
A=d QxS —Q,
Q. = imtual state

There 15 state set {Q,) for edges and each edge 1s [rom the state 7, g, consIst 1wo components
for directions, v — w« and 4 — v Let Msg denote messages that are 1o be used by the processor
in the execution of the algomhm Then v — i 1s an elementof Msg 10 v~ u=Mse marh that
the message 15 going from u to v and v — u« = { denote that the channel 1S empty At the starting,
all the pracessors are at the imtial stat and the channel 1s empty The distnbutive execution of
algorithms 1s based on events The events may be a local computanion or message event More-
over, lwo cvents, local computation (internal operation 1€ changing ot states), send (message
send) or deliver (the message buffered in the destination input) are used mn events  Distnibuted
syslem consist sequence of configuration which shows the current state of the processor and
the ink Formally we can dehne the configuration as tollow, configuration consist a tuple € =
{n 42 1 e G110 Ty G} Q15 the processor local siate and i, 18 the edge ¢, stale
Computauon of algonthm 1s a sequence 8q = {C,. 7, C1.02. C2 0 } of configuranon
Here C, refers to the configurarion with imitial configuration Cg and a4 refers to the esent At

this level, the computation 1s occurnng 4s (6]
ro=0C,
d {Ch a,) = Cl+].

Attiya and Welch [35] discussed the computational model as, cach node contained a distinguish
channel to the parent node and a set of channels 1o the neighbors node  As discussed above,
each algorithm has a sub algorithm n each processor for local computation such as sending and
recerving messages and also each processor consist 4 set of states (2, Each state of processor
contains special components, ibuf and outbuf for every edge labeled from 1 to deg(v) The
rransition function takes a value from the state of p, and produces a value as output This func-
tion also can produce at most one message for every link between 1 and deg(v) and this message
1o be sent to the other node The conhguration 1s modeled as a vector C = {4 ¢ ot
where ¢, 1s a state of p, (as the change m state, change of tape and change of head location in
Turng machine) The occurrence 1s modeled as an cvent Possibly there arc two types of cvents,
computdtion esent compute{1) for transition lunction and delivery event deliver(r ) msg) for

message dehvery

In this secuion. we will study the computationdl model that are directly or indirectly include 1n

our work
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4.1.3 Message Passing Model

In message passing model. one processor sends a message 1o other processors lo communicate
with each other over a communicauon channel These communivation channels are bidirec-
tnonal (symmetric) which lead us to topology This topology can lead us to an undirccted graph
Thereflore. the processors referred to nodes and there 1s an edge between two nodes iff 1herc ts
communication channel between processors (nodes) For example on the Internet, we consider
routers as nodes, they are communicating with each other through 1P address and 1P packets
are used for exchanging of data Simply we can say that, message passing model has a sel
of processes having only local memory, communicatng with each other by sending/recerving
messages and for sending of data both send/received must cooperate with cach other [14]
Lynch [13] described message passing model as a collection ol process and cach provess has
states, which 1s related to a set Q, of states nbuf and ourbuf component are used tor message
available for sending and the message 15 ready for oulgomg Each process has a configuration
(change 1n state) A configuration occurs when an event existi e when a message delivered or a
new message 1s added 1o outbuf A message sending algorithm in message passing model 15 as

follow,

Algorithm 4.1.1: Message Passing Algonthm

1 On Chent Computer
do
R, « Msg
Post{Msg) — Server
On Server Computer
il GettMsg) then
R, — Msg
FosifAck} — client
end

[P B

LY -IE N B - Y

4.1.4 Synchronous Model

Muhammad [14} put it, in the synchronous model cloch was used for sencing and recenving 4
message An intemnal clock was used for sending the message between processors This ume
was same for all processors Lynch [13] told that each processor/node send 4 message at a hme
¢ and on the other side each processor could be recenved this message i r+1 me 1+ 2 umes
would be used for next processor lo send the message and so on  The whole process runs n

lockstep
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4.1.5 Asynchronous Model

In this model, there was no fixed ume for the nodes 1o send and recerve messages  We can
say (hat 1f there 15 no upper bound that how much ume a message will lake Lo amve on the
recerver side then this 1s called asynchronous A clear example 15 email service  There are no
assumptions for clock (same cloch time for all processor) Only condiuons or events can be
used for the algonthm 1o perform Eg FIFO, FILO et [14] Mimmum restrnction by the
amval of a new message or local computation event occurred  Some of the assumpuons are,
each process will take some finile computation steps and each message will be delnered hnally
Every distnbuted computing use the client server model 1n which chents send a request 1o the

server and the server response to the chent

4.1.6 Propagation Model

Signals can be transtmitted by transmitter antenna and these signals can be received by 1ecerver
antenna This model 1s useful for path loss Disturbances in receiving a signal 1s referred to path
luss Propagation model can be divided into two parts One 1x Statistical Muodel which 1y based
on analysis of curves by measured duta e g Okumura Model, Hata Model. and Lee Model
Other 15 a physical model, which 1s based on electromagnetic waves, which 1 concermned with

indoor propagation model also called site-specific-Maodel [19]

4.1.7 Free Space Propagation Model

In free space propagation modei, observation of received signal strength 1s determined when
there dare no disturbances (1 reflecuon, diffraction and scatter) Frns free space equation is

used for free space propagation model

Poid) = Bls @)

Where 7 15 the transmitted power .{d} 15 the received power, Gy the transmitler gain power,
G. 15 the receiver antenna recerved power d s the T-R-Separation distance in meter, £L1s the
systemn fault (antenna losses dunng communication} and A 1s wave length in meters Gain power

1s based on aperture of the antenna [15].
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Pt = 4—:—} (42)
Where 4. 15 the physical size of the antennd

The equation for path loss n free space path loss with antenna gain power become

PL (dB)=10 Log £ =-10 Log &5 (43

F, T

Moreover, when the antenna gam power 15 excluded then the equavion becomes

PL (dB)=10 Log 5t =-10 Log 7= (44)

Frns free space equation 1s suitable for to predict the values of recerving power P tddifor values
of d where d 15 the tar field of the transmitting antenna  The far field which i< also called

Fraunhoter region 1s the farthest distance trom the antenna Equation for Fraunhofer region i«

d, =2 5

1}

Where D 15 the largest dimension of antenna [15] Frus free space equation docs not hold for d =
0 Large scale propagation model use close-in-distance So the newly receved power equation

1%

P, () = P d.)(%\d > d, > dy (4 6)

Where d,, 1s the close in distance [15]

4.1.8 Outdoor Propagation Model

Durning finding the path loss one thing will be taking into account that the uregular lands
trecs and buildings will affect this These lands may start from unbalanced land to high moun-
tains Many researchers proposed ditterent propagation models to predict path juss The main

concentrate of these researchers 1s a particular local area 1 ¢ a sector or region such as Lon-
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gley rice model [33], which 1s also called wregular terramn model  This model 15 surtable for
pont-to-point communication 1n irregular land between 40 MHz o 100 GHz range Through
geometrical shapes. the path loss can be determined  Okumura Model [34] 1 suitable for the
frequency range between 150 MHz to 1920 GHs This model 1s sumple and good for path loss
predictions [15] Hata model [35] 1s best in 150 MHz 1o 1500 MH/ Prajesh and Singh [ 3]
told (that Hata and Okumura are better 1n suburban arcas and the I ongley nce model in rural

dareas

4.1.9 Indore Propagation Model

This model 15 different from tradiional mobile radio Chanel in two aspects, small distance
and small rang of TR-Separation distance Propagation mechanism 18 same as Outdoor 1¢
reflection, diffraction and scattered To find the path loss, the condition change from outdoor
model as weak signal strength due to bullding matenal open/elosed doors and butlding tvpe

cte Some models thal usc indoor propagation mode] are follow ing

4.1.9.1 Path loss Model (in same Euclidean Plane)

In the construction of building different type of material used In which some wulls are made by
concrete and some made through woods that divide the walls into small preces of spaces The
partition of walls refers to hard partition (just like concrete walls, which become the permanent
structure of the wall) and sof1 partition (that can be move or not become the permanent structure

of the building, e g woods etc) [15]

Table 4 1 Average Signal Loss Measurements Reported by Various Rescarchers for Radio
Paths Obstructed by Common Building Matenal

Marernal Tip L ass 1By Frequenay Referonee
All metals 36 &15 MH; 117]
Alumnum sihing M E] als MMHy, iy

Foul insulanon 19 819 MH: |3
Cuncrete block wall 13 I TR MHz 114

Luss lrum une flooe 200 (RIS 1]

Loy from ane ooy and vne wall 40-50 13K M | %)

Fade uhwrved when transmitter Turned

anght angle cormer 1n 4 vomdor 1-13 1300 MH7 [ &)

[ight waule imveniory is 100 M2 138]

Chain-hke fenced marea 20 0 high

wontuaning wals invenfory and people S 12 1 Wi MHz [
Mutal blanke! 12 sgit 47 17420 MHz [38]
Metallic boppurs which huld surap 16 1W0 MHz {4

tocial for reovebing 10 syfl

Smuall metal pole 6 diameter 3 1300 MHZ 133}
Sutal pulley system Used 1o howst metal imvenory o 4 6 1300 MHz )|
sl

Genera] machimers 10 20glL S0 [ VWY MHZ 1384
Light machunery, L 1O sgqit P4 IR TR ISV iy
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4.1.9.2 Partition Loss (Between Euclidean Planes)

The structure of the buildings floors may affect the path loss between floors due (o dilferent

materials, construction type and external structure even aumber of windows and doors

Table 42 Average Signal Loss Measurements Reported by Varous Researchers for Radio
Paths Obstrucied by Common Building Matenal

Building 915 MH7 FAF hdBi Sumber ot 1HX AH, TidB “umbnroul
1dBy Laowations Locatoans

Walnut € reeh

{mne Floor 16 32 il 25 R 11U

Two MNicors dd 0 1% 24 kT ) a9 4

SF PacRell

Cne Floor 132 Y2 16 62 WS N

Two Floor 1% 1 U IV 134 Gy 2l

Three ooy M0 56 14 52 sy M

Fowr Floors o 6 10 LI iq L

Five Floors 27 b3 14 464 1y 17

San Kamon

One Floor 91 K u3 354 64 3

Two Floars e 60 [ Rl 49 |

Three INoors 346 a0 0 82 149 17

4.1.10 Log Distance Path Loss Model

As the distance mereased, the average recenved signal power from the lransmuter antenna de

crease loganthmically 1n both indoor and outdoor models

PL(dB)=PL (d,) + 10nLog %) + X, 17)

Where # 1s the path loss exponent, depend on different environment such as free space (i which
n = 2) and obstruction present (n may be large) PL{d.} 1s the path loss wrtd, and Y, 15 a

variable with normal distnbution 1n dB

4.1.11 Unit Disk Graph Model

The model that 1s used 1n this paper 15 the Uit Disk Graph model 1 ¢, let 11 L) be a set ol the
pair where V 1s the set of nodes and £ 1s the commumcation link Moreover wireless ad hoc
network used a mutual transmission range for atl nodes If node u.v are 1n this range then an
edge e ¢ £ exast between i and v The Muial Transmission Range lead us 1o the definition ot
Unit Disk Graph,let G = (V, £} be a graph then this graph 1s called Unit Disk Graphaf an edge

(ttv) € E present in G where the distance between | « ¢ < | [2]]
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4.1.12 Fresnel Zone Geometry

Fresnel Zone Geomelry can be defined as the radius between transmitter and receiver

Where 7, 18 the tadus of the Fresnel Zone, n 18 an mteger, \ 1s wavelength o) v the distance

from transmitter antenna and d, 1s the distance from received anlenna

4.1.13 Complexities of Algorithm

In sequential algorithms, the performance of the algornthm can be cvaluated through ume and
space complexity While 1n distnibuted environment  the performance evaluation criteria be-

come change

4.1.14 Other Models

Different models can be studied to check the behavior of distnbuted systems Some models
deal with, fault tolerance, dynamic changes in network and studying nature of me etc In this

thesis, we will keep self to the models that contain the tollowing charactenstics

1 Ignore fault handling 1ssues Thus, we can assume that the network 1s faulr frec and all the
processors are reliable Moreover will work on the statie network and dynamic changes

will not be considered
2 Each node will contain a umque ID of O tfog n) hits
3 Local computaton on each processor will be free

Also 1n this thesis, we will 1gnore some paramcters 1¢ weights {unweighied graphy  The
focus will be on these three models, namely LOCALITY MODEL, CONGEST MODEL AND
ASYNCH MODEL assumed from above discussion The jocus of LOCALITY MODEL 1s on
the localize nature of execution One assumpuion 1s that communication between nodes will
be synchronous and computation will be done n the same round The focus of CONGEST
MODEL 1s on the size of the message and the total message size will be O tog n) Thys
model works on both synchronous and asynchronous model 1he focus of the last ASYNCH
MODEL 1s on asynchronous communicauon In which both s17ed and unsized messages will
be considered [13. 6]
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Chapter 5

Proposed Solution

5.1 Problem Formulation

In this chapter, we will discuss the assumptions on which our thests problem stands and formally
define the problem This thesis studies the communication problem 1n networks in which nodes
know only their label The nodes of the network requred to building an etlicient communica-
tion structure so that any operation for algorithm takes time less than the ume pnmitive sieps
This results in the efficient implementaton of the algonthm on the communicanon struciure or
network From the graph theoretic viewpoint, we consider nodes of the netwaork as the set of
vertices and treat edges as communication links The distance among communicating nodes are
treated as standard weight funcuon In general, our goal 15 to construct 4 communication net-
work 1n which one can control the load and the latency, which are one of the two most important
critena for efficient communication in the network  Formally, our assumptions are as follows

Assumptions
s Nodes know nothing but their own unigue 1d and the 1d of therr neighbors
» All nodes s, € N are symmetric, that s,
Vouse € Sodist (s say=dist s, 5y)

e Giuen arout node 7,

5.2 Introduction

In this section, we are going to discuss a distnbuted algonithm for clustening  As discussed
in section | 2. LP-Representation 1s used Lo maintain a small arnount of information just hike
information of few edges and structure of the graph which can control the computauonal and

space cost  The cluster 1s a type ot LP-Representanion, i which a specihc amount of nodes

4
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grouped 1n a small connected subgraph In clusters, we vontrol the radius and overlaps between

clusters 1n such a manner that the resultant structure 1s balanced in term of load and latency

5.2.1 General Overview

We are considering a weighted undirected network N = (S L dist) wheie S s asetof sensors L
s the bidirectional communication links between neighbors and dest 1s the weight funcuion The
links between neighbors can be established through broadeast and comvergecast  An cxireme
solution of the problem 1s that each node has one edge but this cause minimum load and more

latency The proposed solution 1s based on two phases
Phase I Divide the whole graph into clusters (subnetwork)
Phase I And ensure that each cluster contains 4 Lree

Shortest Outgong Edge (SOE) 1s used to find the small edges thatis related (o cach cluster The
Distributed Prior Wide Search algonthm 1s sustable for to extract the local tree The problem ol
BFS can be defined as an undirected graph G = (V, £ ), where V' 1s the set of nodes and E w~ the
set of edges of directed rooted at a node 7 (any} spanning tree We assume that the network s
strongly connected and a root node 7 15 ex1st which 1s not same with others The out put of the

algorithm will be a direcied rooted tree at source node 1y

5.2.1.1 BFS

The BFS algorithm 1s used 1n this solution from the <tart and aleorithm will he called avram and

again as the message Msg tniggered The basic assumptions of our BT'S algonthm 1y as follow

Assumptions Each node knows 1ts 1d and neighbors if and nothing ¢lse such as load lateney

or the fength of the chameter of the network

5.2.1.2 DFS

The algorithm (3 1 19) 15 used to find the remaiming nodes 1n the graph  The remaning nodc
refers to those nodes which are not the part of any cluster For this purpose. a RETREAT
message 15 sent to the previous cluster from which 1t created. through parent_node Informally
the algorithm operates as follow go back 1o the reot node through pit « nt _nodi tthe node rom
which 1t recerved the rest message) and traserse the TRELS which 1s built through the Custer

create procedure
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5.2.1.3 Broadcast, Convergecast, and Upcast

In these algonthms, we can send and recenne a message  parhicularly in upcast we can hnd a
punumum 1d (as deseribe i section 3 1 [4) The tree that 1s built in clusters 1s achiesed through

a broadcast algonthm. desunbed 1n section 31 12 and 3 1 14

5.2.1.4 Minimum outgoing Edge

When the algonthm reached to a layer that 15 empty then we go back 10 the root node by the
node which 1s selected as the parent nodes The parent nodes are those nodes whieh 1y sending

the message LAYER(p.1) to the next layer nodes

5.2.1.5 Structure of the Solution

Summanzed form of the algonthm 1s as follow,
Given a graph G = (V. E, disr) and an integer k > |
1 Cluster creatton procedure

In cluster creation procedure, the clusters creation stans thiough BFS tree algonthm
When the sparsity condition of our problem become false then create the cluster other-

wise merease the layer to next nodes

~2

Next leader selection procedure

When the first cluster created then which node will be the newt cluster head?  For this
purpose, the next_lcader progedure started to select that node which has the smallest node

1n the neighbors }

3 Mimmum outgeing edge selection procedure When there 15 no node 1n the graph without

a cluster, then find the mimimum edge in the intracluster edges

5.2.2 Distributed Cluster Algorithm

In thus section, we present a clustenng algonthm that uses a condition tor sparse structure The
basic 1dea has been taken from [32. 6, 31, 26, 18, 27, 39] The algonthm creates clusters 1n
iteratnons At each iteratron, a BFS tree 15 created and all the neighbor nodes add (o the cluster
with a certain sparsity condition tnformally, the algorithm starts from the root node and trigger
a message Leader node 1o itsell and then Msg message 10 1tself After Mg mussage the BIS
algorithm starts in layer by layer tashion At each layer all the node are added (o the cluster
until 4 sparsity condition 1s sausfied 1 ¢ the nodes 1n the new Ly er 1s less than previous all faver

nodes (sec line 23 of the algonithm on page 47) Thas 1s vur basic condition which decides the
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tree height (means number of nodes in the tree) [f the condition becomes true then expand the
tree else if the condition becomes false then reject the new layer nodes and make the cluster
from the previous nodes When the algonthm determuned that there 15 no nodes 1n the new layer
then our algorithm become halt  The tree that 15 butlt tn the cluster 1s a BES tree wrt v, A
number of messages used 1n this procedure such as Msg message LAYER (P-1 1) Ackibin)
COUNT message and REJECT message  As the root node generated the pulse £, BES tree
crealed at the root with -1 layer Each pulse maintains ¢ number which leads 1o the decision
of adding or rejecting the layer to the cluster The joiming of P+1 layer to the cluster 1s based on
the condition, compare the child nodes m the P+1 layer with the nodes 1n the previous all nodes
of BFS tree, 1if the ratio 1s > n' * then increase the layer o P+2 otherwise reject the new layer
and create the current cluster When the leader / broadcast the Msg message on the cxisting tree
then the next pulse execunion started  When the message reached to the last layer P-1 nodes 1t
send a LAYER (P-1,1) message 10 ts chaldren that my layer is P-1 governed by /' Alter armsing
the LAYER (P-1, [) message, the child node J {not yet jomned any luster) join the uster £ al
layer P and chose the node from which message LAYER (P-1, 1) receved as a pasent_node send
ack (0 1n case of parent or 1 otherwise) to ¢+ The total number ot the new nodes in the layer can
by find through convergecast process by inseriing the COUNT (1) message  When the leader
knows the number of the new nodes then the process become halt and 1f the number of new
node 15 high than the present number of nodes the next pulse 15 started and the nodes of the
last layer jomed the cluster It the number of nodes not greater than the existing cluster nodes
then broadcast a REJECT message that the nodes in this layer are rejected  Each cluster has
4 unique ID Afier the message REJECT anolher procedure starts which v called the Nost-
Leader procedure (see hine 3 of the algonthm on page 48) This procedure chosc the next Ieader
of the cluster There 1s two cases after reject a layer one s when the layer nodes 1s empty and

when the laver 1s not empty from nodes [f the layer i~ not empty then a node n this laver
15 chosen as a leader and o the layer ys emply from nodes then backirack procedure appited to
the cluster by DFS algonthm For the next center of activity the leader / ol the cluster called a
subroutine search-leader which determines the leader of the next cluster For this purpose a test
message 15 sent on the ntracluster tree by the cluster leader and the last layer that join the ¢luster
broadcast the tesr to the rejected layer When (his message 1eached o the rejected lavor node
1. 1t search their neighbors 1 remaining graph A convergecast process 18 started on the leaf of
the node 1 to ind the mimmum 1dentity node and set this node us a candidate A new-leader
message 1s broadcast n the intracluster tree to inform the candidate node that you are the next
cluster leader upon receiving of ¢ new-leader message. the candidate node mark the node as
parent node from which the messa®e received and then create their own cluster For the second
case i ¢ If the rejecied layer 1s em ;v the last created cluster send a RE/REATE message 1o the
parent node and try to find the remaining node of the graph RETREATE message send to parent
node untl the parent node become empty 1 e The root cluster, which has nu any parent node
when the remaiming nodes become end then the procedure Cluster-Leader become halt Link

Election procedure 15 called for the selection of a preferred hnk for communication between
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two nodes(sec line 23 on page 48) Informally, a weight function divt £ — Z% 15 attached
with cach link The Link between the cluster 1s chosen dunng the procedure of backtracking of
Cluster-Leader procedure and at this level the nodes attached to some clusters A message ML
1s broadcast by the cluster leader on the intracluster tree  Each node in the tree convergecast
a list to the leader node which holds the minimum edge (ME} information  When an internal
node receives the hst 1t compare their own hist and drop the redundant edges The leader node

collects the information and then broadcast on the tree now let define the algorthm intormally

£ty
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Algorithm 5.2.1: Cluster Creation Algonthm

16

17

13

[k

3l

a2

L)

input : A Graph G = (V, E) with a disunguish root node 7, und a pasameltet & = i
output: Set of distinet clusters

il 1 =7, then

trnigger (Leader_node) — 14

set pareni_node — ()

send message Msg to itself to create the cluster

clse

/* node 1 received Leadernode message trom node j*/
tngger (Leader_node) — 1

parent_node — }

leader — 1

layer (1} «— 0

ptlse « 0

tnggeriMsg) — 1
end
upon receiving message Msg
#* start the BFS algonthm*/
/*the BFS tree constructed on the root 7, at laver ( and send the the next message Msg 10
next node*/
Broadcast{(Msg) — child
if chiid = 9 then
| tngger(child_nodes) = 0 10 parent
else
| tngger{chiid nodes) — 1
end
il k (child nodes) > tree_node then
confirm new layer and send message Msg in next layer
/* improve the intracluster wree*/
else
/*reject this new layer (send rey message 1o leader) and create (he cluster™/
Z = neigh (r,)
S=Y
/*remove the nodes that joined the cluster®/
§=8§-7

/* complele the intracluster tree (cluster created)*/

end
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19

0

21

2

26

27

23

29

n

12

33

upen receIving Mmessige rey
if the layer is not empty then

‘ Broadcastress) — 7T,
else

| ingger(RETREAT) — Leader,
end
upon recely Lng message fest lrom node &
invoke search-leader procedure
Broadcastitest) — T,
candidate = min{k ||k€ neigh(N}

{*search the neighbor node and find the mimimum [D node through convergecast process*/

upcast{candidate) — Leader,

/*upon receiving candidase message 1n the leader node of the cluster*/
broadcasticandidate) — T,

if the node 1 15 candidale node

il candidate= 1 then

/* the candidate node 1s the next leader of the cluster®/

ingger tLeader_node) — 1

/*send New_Leader message to 1tself¥/

parent_node «— i

* k 1% the node from which 1 received the message candidate™®/
else
/* at this level all the nodes join some clusters*/

comergecast the ME message 10 leader ot the cluster

/* start the preferred hnk procedure®/

end

upon receiving message RETREAT

start the backtracking procedure

*DFES algonthm*/

find the remaining nodes of the graph through 1est message by the leader of the cluster
1t such node 15 find then

Repeat the resr message process

upon recening the message AE on the parent node
send AME message 10 neig(e)

/* find the munimum edge and create a list*/

send the list w parenr_node

Chaprer > Proposed Solution
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upon recerving st to intermediate node
merge hist to itself
remove the duplicate entry
and send to the parent_node
if pareni_node = {) then
this 1s the root cluster and broadcast the final list on the intracluster tree

end

Figure S I Cluster Creation

52.2.1 Example ‘

Figure 5 1 1s the example of the clustenng algonthm  Which 1s start from the root node and
produce clusters at the end of the algorithm At node 1 start the BE S tree The nirst Juster
1s made of neighbors node because our basic condinon becomes false at this stage  After fir
cluster the next cluster head 15 (suppose} 1 When the next cluster head 1s selected then start
agdin the cluster creaton procedure  After creation of two clusters we have applied the same
technique on the remaming graph  We have also showed another example 1n section 6 3¢, 1n

wiinch we can see that our scheme produces the clusters up o two hops
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Chapter 6

Results and Discussion

6.1 Correctness and Complexity

6.1.1 Correctness

[or correctness, we will prove that the communication structure constructed by our algonithms
1y 10 fact, a tree  First we must prove that our algonthm have produced o uee m e
otherwise resultant network has a cycle somewhere  As g resultant the network construct by
our algonithm cannot be balanced 1n terms ot load and latency

Lemma 6.1.1. the algorithm 5 2 [ 1s sparse in term of
The cluster are disjont e S8 = Qund

The graph G (S} has intracluster edges not more than iV o the deree of the chinter S 1y
14

n
Proo} Let suppose for contradicuon that Jt € ST S then v belongs to Y and 3 by dehinition
this siuation cause a contradicbon, because the previous layer thal 1y added W othe clustel

discard from the set of nodes and just those node added to the cluster which 1s not rejected

This 15 clear trom the sparsity condiuon that the edges wouching the cluster 3 1 luss {6]

Lemma 6.1.2. The algortium 5 2 1 contumn BFS tree in eadh dinsier

We will show by mduction ot 7 that the resuliant iree of algonthm 31 T a BES T
Basis

For t = | during the message Mg and [ eader node he tirst BES tree created with node |
Inductive step

Let this s true for7- 1 =1 Dunng round ¢ - 1, Let f be a node that recerves (he message
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Msg from the parent node f al distance 7 - 2 The node / recenned the message ajier distance 7 -
I The node that received the message at distance f - 2 not changed his parent position neither
delivered a message And cvery node at distance £ - 1 changed his parent as well as deliver the
message Thus, we can say that each node connects only those node which 1§ at distance 1 ¢
neighbors In other words, each node has a parent node and any node not changed their parent

and vice verse [9]

6.1.2 Complexity Analysis

Complexity analysis 1s essential for to check the performance of the algonthm This s a func-
uon to chech the speed of processing
Lemma 6.1.3. the communication and me complevity of the Cluster_creation proceduie m tie

algorithm 52 s O (| E1+ |V Jlog | VIyand Q (| V) respectvely

Proof During cluster creation cach cluster wili call the eluster_creation procedure once, 1nac
most log | | | pulse At each pulse the message Msg and count 15 passed on each edge  The
count and Msg message are passed through each edge and hence the complexity 1s 2 O (| E))
The bound for the diameter of the tree 15 log | V" and there 15 total @ i1 171) rounds <o this yields

So thc commumecanon cost1s O (1 £+ | Vifug 1 V) Euach tree

in the cluster has height 2 < {og n and take & tume units to reach the leat nodes at & pulse So
the total tme 1s @ (| 1 |} [6, 9§ O

Lemma 6.1.4. The communication and time comple uts of next_teader procedmie v algornime
321 0(|V Prand O [iog V)

Proof The center of acuvity moves (o next node by calling a subroutine search_leader  Lhis
subroutine broadcast test and convergecast candidare message o the leader of the exisung tree
leader Also duning search_leader subroutine, 1f the next layer 15 emply then a KEFREALE or
Leader_node message 15 sent to the chosen leader ol the next clusier These messages sended
on the mtracluster tree  So the communication 1s @ (] V [} and ume 1v O (log | V| The
communication cost of the BFS procedure 1s O (} 1 |} thus O (] 1 |} ~x O ( V ]) yields 1o1al @
t| ¥ ?) communicaton complexity The ume complexity of DFS 1s G| V) So O (1 V]) > O
tlog | V) yields O (1 V | log | V'|} ume complexity of the procedure Search_Icader| 13 0

Lemma 6.1.5. The commumcation and tme complenin of finding minvnum edge in afgonithm
52100V, NandO (| {log |V )

Proof to find the mimimum edge. the preferred_link procedure called at most once n the inir-
acluster tree of the cluster In general sense. the election process required O (| 1 ) and O (log
| ¥ [) communicauon and ime complexity Since there 15 ' 171 nudes and the elechon process

15 apphed at most (k - 1) ' V7| umes Thus the bound for total communication complexity 1y
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O (k, V| ¥) As we know that the election process will perform on total on | 1 | nodes so the

preferred Imk procedure will take O ¢| 11 log 1 hume |6 13]

O

The total ume and communication complexity of our algonthm 1s Q| V | log| V [/log &) and O
(KI'l %)

6.1.3 Comparison With Other Algorithms

In this section, we are going to compare our work with others our comparison emphasizes on
luster overlaps, node degrec and radius of the network etc Many papers described the dluster
overlaps but not the node degiee which causes the foad of the network During BES proceduie as
w¢ know that the algorithm ignores those edges which are repeated, 1 ¢ a node recenved message
Msg from more than one node (and select one node as lather and ignore the other ink) This
procedure makes the load of the node Tow 1n other words the BFS produce 2 Tree The radms
of the intracluster tree can be controlled through the stopping condiion 1 ¢ & (hild nedesy ™
tree_node where k = {1.2.3  n} and n 15 the total number of nodes Table 6 | shows some
comparison with our algonthm Overlapping of network mean one node belongs to more than
two cluster and nodes receiving more and more messages from other cluster heads  This cause
the communication complexity high  The algonthm ot [16 17 40 41] have overlaps ol the
clusters which cause load on the network, but our algonthm guaranteed non-overlapping, each
node 15 connected Lo only one cluster Mimimum radius mean, controlling the network latency
The latency of network become very high 1f the clusters based on one hop In[16 |7 28] the
radmus of the graph become very high as this algorithm 1s based on one hop cluslering We have
tried 10 present such algorithm that 1s balanced 1 term of load and latency In our prcsented
algorthm, the radws 18 based on our conditton There may be a luster based or naighbors ¢l
a cluster with two or three hops but our purpose 1s to balance the load and latency The mossage

size s considered iy as discussed 1n section 3 1 14

Table 6 1 Companson

Ret Time Message commun depin) Overlaps Cluster Ruds
wallon
Proposed «cheme 04 1 log! Fin UKL 2 Minimum N Bawd on
Virloghi wondilion
Awwerbuch eral HU| Oin™) Fix High it h = | T T T Basedunns
elae limw
Moran et al [4]] [Z AT XN Mavimam Ye TRt s T
1 fy- o F
+ ¥ log V)
Linet al [2R] [ Muaximum S One Hopy
Chenet al [1K] Mavimam e _I\_ilqu _
Pelvg et al [27] CHlog® n Nl T T TN _
Bedoureevhetal [17] - AMavamom  yew __(Jnm‘pe_‘_ -
Mamali eral [¥7] - Minimum Yoo k Tope
Anvael ] [16] - avimiim Yea i tope
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In cluster architecture, the communication can be performed through cluster heads If the num-
ber of clusters becomes large, this means that the commumcatior overhead 1s maximum. Papers
(16, 17, 28. 257 produce a maximum number of clusters and as a resultant, we face broadcasting
overhead We have mumimized the number of clusters through our basic condinon Figure 6 1
shows the number ot clusters in our proposed and previous hterature. Our base paper for com-
parison 18 the Chen et al. | 18] paper. Chen et al. [18] have mmmuzed the number of clusters
{(for k > 3) but not concentrate on the degree of the node Our proposed scheme becomes better
than Chen eral fork < 2 (see the red line 1n figure 6 |) The rotal number of clusters produced
by Chen et al and Atssa et al algonthms are same because we have taken only twenty number
of nodes (red and blue Iines mn figure 6.1) For a large graph the algonthm of Chen et al 1s pood

as compare with Aissa e af

Persons

- V-1 ]
Chen
Maniake
5 -~ Proposed
wm 4
H
-
-
E £

o

T T 1 1" "7 T T ¢+ "® "7 ¥ T T ©t T T 71
T2 3 4 5 & T o8 8% 1D 1112 17 14 1f g 1T M 1w M

Figure 6 1. Cluster Comparison

In | 16. 8] papers, the algonithm produces maximum clusters as compared with our proposed
but we have noted that the number of degrees of node stilt not reduced As |24| described that a
node with a maximum degree will be 1n many clusters and each cluster head will send messages
to 1t. In this case, the number of messages exchange become very high and as a resultant the
communication complexity in intra-cluster and as well as inter-cluster tree become high Chen
ctal. [18] reduced the number of clusters but not the cluster overlaps with other clusters. Mean
that there 1s 4 common node between clusters  Figure 6 2 shows the degree and overlapping
clusters In Chen at al. papers, the cluster overlaps are high. Mamals et al [25] have reduced
the degree of the node as compared with us but in some cases the hope count increase as we can
see n figure 6 3a In degree companson. we have tough compennon with Mamal et al (see
the blue dotted line 1n 6 2)
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Figure 6.2 Degree Companson

The general form of the cluster companson with previous literature can be seen n figure 63
The cluster creation algonihm of Lin et al. [28] produced a number of clusters because this
algonthm produces clusters of only neighbor nodes. The algonthm of Chen et al {18] produce
clusiers with K-Hope nodes but not concentrate on degree control. When k 1s equal to one or
two m Chen et al algorithm then our proposed scheme become best but when k becomes equal
to three our proposed scheme start a rough competition with 1t To overcome the problem of k.
we have also used k as to reduce the clusters in the graph The mtracluster communicanon 1s
good from the |16, 28, 25] but not from [18] The intercluster commumication is same with {25]
and good from others

- . . 4 .. - - o4 . ‘r‘ >~ e * o - - - & " »
Lo - . - - g - - . i" " . . L -

. ® ’.: :.. - Y

(4} Mamah et al {b) Chen cr al (¢) Proposed Scheme {d) Aussaeral

Figure 6.3: Comparison
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Chapter 7
Conclusion and Future Work

In this thests. we have considered the problem ol an efficient structure of the network for com-
mumication among nodes Each node 15 4 part of a cluster and connected with cluster head A
network structure 15 efficsent 1f there 15 a balance between number of hops (between the clus-
ters). node degrees and no cluster overlaps  We have studied the problem related to load and
latency The clustering techmgue 1s an appropriate techmque for load and latency balancing
We have ensured by lemmas that each cluster has a tree This thests presented an algonthm tor
the efficient partitioning of the nodes of an ad hoc wireless network into clusters with a cluster
head The cluster head selection 1s based on choosing the mmmum 1d node 1n the neighbors

In this paper. we do not need mformauon about the whole network because we are using the
local nformation based model which ts called Local Preserving Representation {(shortlv T P-
Repiesentauon) In LP-Representation, each node only keeps information aboul thar neigh

bors, 1tself and nothing else  This 1dea minimizes the space complesty of our scheme In our
scheme, we have used three main procedures, cluster creation, next leader procedure and find-
g the mimmum outgomng edge  In cluster creation procedure we have created trees within
clusters As we know that each node have only one father node and Lhere 15 no cycle 1n the tree

This technique mimimizes the number of edges adjacent to a node which means that we are able
to reduce the node degree through this techmque The communication and tme compleaty ol
cluster creation procedure 1s O (| E4 |V [fog V prand O (]} 1 The next leader procedure 1~
activated when the first cluster become completed Next leader 1s chosen by sending 4 message
to the new child nodes of the rejected layer through constructed tree which makes communi-
cation complexity low because we have removed exira edges The communication and tme
complexity of next leader procedure 1s O (1} | Syand O bV [fog |V 1) When the rejected laver
1s empty then go back to the root node by father nodes and find the minimum edacy between the
intracluster edges When the mimimum edge 15 selected then use this edge for communication
The communication and time compleuty of Anding mimmum outgoing cdge procedure 1s O
(1 Zyand O ({ Vllog | 3 1 TIn our thesis we have made the mtracluster as well as the -

terclusier communication low as possible We have apphed our algonthm on two graphs which

55
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shows the clusters A number of researchers have emphasized on load only while others have
worked only on latency, however n our work, we have tned to make balance 1n both load and
latency  We have compared our work with many papers  We have compared our scheme with
different papers From simulation results 111 evident that our work iy halanced 1o lerm ol node
degree and overlaps  We will check our algonithm tor pertormance on different models such
as CONGEST MODEL and ASYNCH MODFL which 1s discussed 1n the thesis As we have
proposed a distributed algonthm for a communication structure our next step will be aroutng

algonthm on proposed structure
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Glossary

< A finite Set of symbols 1 ¢ deliver, compute, node and edges 6 7
J A transition function such thatd Q, ~X — Q, 6 7.37

Q, A finite Sctof States1e Q,=Q ~ Q67

Q. nmal state 6,7

7. Afinnesetof inks1e v —uandu —v 7

halt terminate the algonthm 37
inbuf the mcoming message will be store in (hys butfer 7. 8, 36

outbuf the outgoing message will be store 1n this buffer 7. 8, 16. 36 37

37
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