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Lecture - 25
Topology Management in Wireless Networks

Our topic is topology management in wireless sensor networks. So, topology
management is a topic which concerns part of configuration management. So,
configuration management is about continuous monitoring and management of nodes in
a network and topology management is strongly linked with configuration management.
So, in topology management as the name suggests. So, the concern is that you know how

to manage the topology of the network with respect to time.
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Topology Management

= Part of Configuration Management
= Continuous monitoring and controlling of nodes

= Studies arrangement of nodes
* Placementwith respect to connectivity to sink
* Energyconservation

* Primary Goal — energy conservation while maintaining network
connectivity
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Now, topology management in the case of MANETS, we have already studied that in
MANETS, we have nodes which are mobile and topology itself continuously changes
over time, but that is due to the mobility of the nodes. In a sensor network particularly is
you know sensor networks where the nodes are stationary even if the nodes are
stationary still there is lot of different types of dynamism and dynamism in the network
traffic and the way their nodes are going to be you know active and they are going to be

in the sleeps states and so on.



So, depending on all of these topology management will deal about how to continuously
monitor these nodes for these different functions and how to manage the topology of the
network over time and these topology typically changes the nature of the topology it

changes over time even if the nodes are not mobile.

So, there are 2 issues that are very important in topology management. So, one is how
you are going to place the difference nodes the placement of the nodes. So, that the
nodes have to you placed in the sensor network in such a way that you know there is
connectivity from each and every node to the sink node. So, this is very important
because you know individually these nodes they are going to sense the physical
phenomena around them and so, these that information the sensed information has to be
finally, relate to the sink node and that is possible only if there is end to end connectivity
between each of these sensor nodes which have sense the information and the sink node
which is going to be the receiver or the final destination of the information that is sensed.

So, this is one aspect, the second thing is the energy issue.

So, you know, there are very decent algorithms that can be easily thought about how to
maintain end to end connectivity between the source sensor nodes and the sink node;
however, you know whatever we design we have to keep in mind that energy consumed
by these algorithms should be minimum. So, energy conservation is very important
issues to keep you know putting these 2 together the overall goal overall primary
objective of topology management is basically energy conservation while maintaining

the network connectivity this is the overall objective of topology management.
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Topology Management (Contd.)

= Topology Discovery
* Discover how the nodes are organized in the network

* Generallyinitiated by Sink (through broadcasting topology discovery
request)

= Sleep Cycle Management
* Determinesredundant nodes
®= Putnodes to sleep and wake them up (application specific rules)

®= Clustering
* Arrange nodes into groups
* |dentify cluster head
*= Less transmission of data

D
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So, sensor networks; there are lots of different aspects of topology management that have

been studied in the literature.

Now, so these different problems these different issues they can be classified into
primarily 3 categories one is topology discovery the second is sleep management sleep
cycle management and third is clustering. So, topology discovery as this hame suggests
these algorithms they attempt to discover how the nodes in the network are organized
with respect to one another and that that idea about the topology the rest of the nodes
how they are placed with respect to one another that is done with respect to the sink so,
with respect to the sink, the rest of the nodes how they are placed with respect to each

other.

So, this topology discovery algorithms are typically initiated by the sink node by
broadcasting some discovery requests topology discovery requests. So, this is one class
of topology management algorithms called the topology discovery algorithms the second
is the sleep cycle management algorithm. So, the sleep cycle management these
algorithms they basically what they do is the determine which nodes are the redundant
nodes and then these redundant nodes are put to the sleep state, and they are woken up
periodically at certain times depending on the requirements of the application and these

requirements of the application are encoded in form of application specific rules.



So, this is the second class of topology management algorithms and the third is clustering
and is the as the name suggests over here as well clustering. It is about that in a particular
terrain we have different nodes which are placed at different points, they are deployed at
different locations clustering talks about how to arrange these nodes into different
clusters or groups how to group them together you know into I know in the how to

cluster them how to group them into different formations

So, in each of these groups there is a leader node which is called the cluster head and the
cluster head typically has higher configuration better configuration better energy you
know storage and better you know communication computation and power and so on
compared to the rest of the nodes in the cluster which are the cluster member. So, the
whole idea of clustering is that by doing this by grouping these different nodes in the
network into different clusters you are trying to reduce the total amount of transmission

of data in the network.
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Different issues

= Application domain
= Deploymentscenario

= Sensor failures
* Quickly (e.g. hardware failure)
= Slowly (e.g. weakening of battery)
= May impact management and application more

CSE, IIT Kharagpur

So, there are different issues that affect topology management topology management
algorithms will have to take into consideration the application domain specific
requirements then the deployment scenario the specific deployment scenario that is
adopted random deployment plan deployment and so on, and the other very important
factor that affects topology management are the failure of the sensors now the sensor

node they can fail in broadly to 2 different ways. So, one thing is that these nodes can



fail due to maybe some hardware or software failure and that failure is fast faster than the
weakening of battery which occurs slowly. So, that is the slow slower failure of the

sensor nodes.

So, either it can fail quickly or a sensor node can fail quickly or it can fail slowly, but
whether it is you know failing quickly or slowly. So, these basically impact the overall

management of the topology of these networks.
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Topology Discovery Algorithms

= The Topology Discovery Algorithm (TopDisc)

= Sensor Topology Retrieval at Multiple Resolutions (STREAM)

CSE, IIT Kharagpur

So, the first class of algorithms topology discovery algorithms. Let us look at 2 topology
discovery algorithms, let me just remind you that there are several topology discovery
algorithms that have been proposed in the literature and we are going to just talk about
the highlights only the highlights of 2 important to well known algorithms one is called
the top disc algorithm the other one is called the string algorithm.
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TopDisc

= Creates clusters
» Findsset coverage
= Greedyapproximation algorithm
= Coloringalgorithm used
= Three color approach
*  White - undiscovered
s Black=CH
= Grey~- Neighbor of a black node
* Fourcolor approach
= Dark grey - Discovered node not covered by a black node

= Distributed
= Black nodes may be close to each other

<D
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So, again in top disk there are 2 variants of this top disc algorithm depending on the
method of coloring that is used either it is a 3 color approach that is used or there is a 4
color approach in a 3 color approach of the top disc algorithm the 3 colors that are used
are white black and grey white black and grey. The white nodes basically signify the
undiscovered node the nodes that are yet to be discovered in the network the black nodes
are denoted black nodes basically denote the cluster heads and the gray nodes are
basically they denote the neighbors of the black nodes; that means, the neighbors of the
cluster heads. So, cluster heads are black the neighbors one hop neighbors are gray and

the undiscovered nodes are quite.

So, this is the 3 color approach and in the 4 color approach there is a 4th color that is
used which is the dark gray and these dark gray nodes are the discover nodes that are not
covered by a black node. So, these are the 4 different types of colors that are used in the
top disc algorithm depending on whether it is a 3 color approach or a 4 color approach

these different colors are used.
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Set Cover Problem

= Given a set of elements {1,2,...,m}(called the universe) and a
set Sof nsets whose union equals the universe, the set cover
problemis to identify the smallest subset of S, whose union equals
the universe.

= For example, consider the universe U={1,2,3,4,5}, and the set of
sets {{1,2,3},{2,4}, {3,4},{4,5}}. Clearly the unionof Sis U.
However, we can cover all of the elements with the following,
smaller number of sets {{1,2,3}, {4,5}}.

,1\
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So, let us first try to understand how the top disc algorithm functions, but before that we
need to understand another simple algorithmic concept a concept from discrete maps or

algorithms which is called the set cover problem.

So, this covering the set covering approach is basically used in the top disc algorithm and
that is why we need to understand this first. So, let me first read out the statement of the
set cover problem. So, it reads like this, given a set of elements one through m and this
set is called the universe and a set capital s of n sets whose union equals the universe the
set cover problem is to identify the smallest subset of S whose union equals the universe,
| think it is a fairly simple concept to understand although the statement looks little you
know cryptic, but it is actually not and that we can understand through this example. So,
let us look at this particular in example in order to understand the set cover problem
easily.

So, let us consider the universe the universal set which is the one u equal to 1, 2, 3, 4 and
5 and the set of sets; that means, capital Sis 1, 2, 3, 2, 4, 3, 4 and 4, 5 now; obviously, if
you take a union of 1, 2, 3 to 4, 3, 4 and 4, 5 then the union of this particular set S is U
which is the universe 1, 2, 3, 4, 5; however, we can cover all the elements within with the
following smaller number of sets which is the 1, 2, 3, this set and the set 4, 5. So, taking

these 2 together we can have the set U.
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TopDisc — 3-Color Approach

1. The algorithm begins with all the nodes colored white.

2.1f a white node receives a topology request (TR) packet from a
black node, it turns grey.

3.1f a white node receives a topology request (TR) packet from a
grey node, it waits random duration of time.

4.1f the node receives a TR from a black node within the waiting
time, it becomes grey node; If the time expires without any TR,
the node becomes a black node.

5. Black nodes become Cluster Head (CH), and report their
neighborhood set to the monitoring node.

,,\
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So, this we can do by using only a subset of these sets which is which are basically 1, 2,
3 and 4, 5. Now with this understanding about the set covering problem let us now try to
understand the different steps the most important steps in the top disc algorithm using the
3 color approach and as I told you already that here we just want to get the highlights of
these algorithms we do not want to get into the depth of these algorithms we just want to
understand broadly that how each of these algorithms function. So, it starts like this the
algorithm first begins with all the nodes colored white and that is quite obvious because
none of the nodes initially are discovered. So, all the undiscovered nodes are colored

white.

Now, step 2 if a white node receives a topology request packet. So, a white node to
receive a TR packet from a black node black node means what the clustered head. So, in
white node a undiscovered node receives a packet from a cluster head first what it does is
it turns gray if a white node receives it TR packet from a gray node it waits for a random
duration of time why does it wait for random duration of time. It wants to check that
whether there is a chance that you know it is going to receive any other packet from any
other black node if not then it has a chance to declare itself as the black node to; that

means, the cluster head I hope this concept is clear.

So, it has read the step 3 once again. So, if a white node receives a TR packet from a

gray node it waits for a random duration of time if the node receives a TR packet from a



black node within the waiting time it removes sorry it becomes the gray node if the time
expired without any TR the node becomes a black node. So, basically in that case it
knows that there is no other cluster head units vicinity. So, basically it can declare itself
as the cluster head itself. So, this is the whole idea behind having the steps 3 and 4 the
black nodes become cluster heads and report their neighbor neighborhood set to the

monitoring node.
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TopDisc — 4-Color Approach

* Four Color approach:
* Dark grey nodes are at least two hops away from a black node
* Dark grey nodes become either grey node or black node.

1. If a dark grey node receives a topology request (TR) packet from a grey node,
it waits random duration of time.

2. If the node receives a TR from a black node within the waiting time, it
becomes grey node; If the time expires without any TR, the node becomes a
black node.

= Use of fourth color separates the black nodes by two-hop
distance, and reduces the cluster overhead.

= Drawback: uneven cluster size. ’
/N
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So, that was the 3 color approach, now we are going to look at the 4 color approach
where there is a 4th color which is the dark gray color which is used to color these nodes
which are at least 2 hops away from a black node the; so the dark gray nodes become
either gray node or black node. So, if a dark gray node receives a TR packet from a gray
node it waits for a random duration of time if the node receives a TR packet from a black
node within the waiting time it becomes a gray node if the time expires without any TR
the node becomes a black node. So, the whole idea of using this 4th color of dark gray is
just to separate the black nodes by at least 2 hop distance and reduce the overall cluster

overhead.

So, the drawback of this approach is basically that this algorithm leads to uneven cluster

size.
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STREAM

= Return topology at different degrees
= Minimum Virtual Dominating Set (MVDS)

* Dominatingset: In graph theory, a dominating set for a graph G =
(V, E) is a subset D of V such that every vertex not in D is adjacent to at
least one member of D.

* Minimal set of nodes for topology
= Coloring scheme
= White — undiscovered
= Black - node in MVDS
= Red - node within virtual range of black node
= Blue — node outside the virtual range, but within the communication

range of a black node
= Requires global knowledge of neighborhood sets to create
AV
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The other topology discovery algorithm if any popular one is the stream algorithm. So,
the stream algorithm is based on the concept of the minimum virtual dominating set
MVDS. So, in order to understand MVDS, let us first look at the definition of
dominating set d s. So, it is a graph theoretic concept and in graph theory the dominating
set concept for a graph is a subset of the set of vertices such that every vertex not in the

subset is adjacent to at least one member of this subset.

So, this concept finally, you know MVDS is obtained by having a minimum number of
minimum set of nodes that can use for topology management topology discovery. So,
here also like in top disc a coloring approach is used. So, white undiscovered like before
black earlier in top disc it was for denoting the cluster head here it is for denoting the
MVDS node. The red color which was not present you know before in the top disc
algorithm that basically denotes nodes which are within the virtual range of a black node
and the blue color basically denotes nodes which are outside the virtual range, but within

the communication range of a black node.
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STREAM - Algorithm

1. All nodes start with color white

2.If a white node receives the request from a black node and the
white node is within the virtual range of the black node, it
becomes a red node and forwards the request.

3. If the white node is not within the virtual range of the black node,
it will become a blue node, start a timer, and forward the request.

a. A blue node within the virtual range of a black node that receives
the request from that black node will stop its timer and become a
red node. It will only forward the request if it has not previously
forwarded it.

5. A white node that receives the request from a red or blue node
will become a blue node, start a timer, and forward the request.

6. If the timer of a blue node expires, then that node will become a

black node. Any node that is black or red will not forward

additional topology requests it receives.
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So, this is the whole idea of how the stream protocol works. So, those were the different
properties of the stream protocol and next | am just going to read out the different steps
there are 6 steps of the stream algorithm. So, | am read | am going to read out all the 6

steps.

So, the first step all nodes start with a color white like in the top disc as well here white
means that none of the nodes is un is discovered. So, they start with the white color. So,
if a white node receives the request from a black node and the white node is within the
virtual range of a black node it becomes a red node and forwards the request if the white
node is not within the virtual range of the black node it will become a blue node starts a
timer and forwards the request. A blue node which is within the virtual range of a black
node that receives the request from the black node will stop its timer it will stop its timer
and become a red node it will only forward the request. If it has not previously forwarded
it a white node that receives the request from a red or a blue node will become a blue
node start a timer and forward the request if the timer of a blue node expires then that
node will become a black node any node that is black or red will not forward the
additional topology request that it receives.

So, these are broadly does different steps of the stream algorithm. So, as it happens with
any algorithm and particularly stream and top disc. So, in order to understand these

algorithms it is encouraged to draw a small graph and try to understand how these nodes



are how the colors of these nodes are changed over time depending on the different
conditions. So, you know going through these different steps that | have just mentioned
and working out with a small graph example will be basically make it easier for give to

understand.
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= Sparse Topology and Energy Management (STEM)

= Geographic Adaptive Fidelity (GAF)
= (Cluster-based Energy Conservation (CEC)
®= Span

* Naps
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So, those were the stream and top disc where the topology discovery algorithms the
second class of algorithms is the sleep cycle management algorithms in this we have
very popular sleep cycle management algorithms stem is one gap is another CEC is the
third one 4th is span and fifth is maps. So, these are the algorithms that I will mention
explicitly one slight par algorithm I am going to mention, but what 1 am going to do is |
am going to talk about only their characteristics at a high level stem I will talk a little bit
more, but gap CEC span and naps these are the algorithms that | am just going to

mention at a very high level without going through them.
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= Two radios
* Dataradio: Primary; used for data transmission only.
*  Wakeup radio
= Low duty cycle radio. Uses less energy than typical radios.
» STEM-B

*  Wakeup radio sends beacon (with MAC address of the target node) when

data to transmit
= |f target node — turn on data radio
= STEM-T
*=  Wakeup radio sends tone (simple pulse)
* |f node detects tone - turn on data radio

g

So, the whole idea behind the stem protocol is basically to have dual radio. So, dual radio
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one radio is called the data radio the other one is called the wake up radio typically we
have been using only one radio in all the protocols that we have been discussing so far
only a single radio taking care of control plus data and even if it is wake up cycle

management it says everything is done through a single radio.

So, far, but stem basically suggests that we could have 2 radios one radio explicitly for
transmitting data only and the other radio which is the wake up radio that will basically
have a very low duty cycle and which will use very less energy than the typical radios or
data radios or other radios. So, this is going to be a very less energy consuming load very
low duty cycle radio this is the wake up radio. So, 2 radios data radio and wake up radio
these 2 are used in the case of the STEM algorithm the stem algorithms come algorithm
comes in 2 flavors one is STEM B, B stands for beacon and the second one is STEM T

where T stands for tone.

So, the beacon is basically unicast message which is sent with the MAC address of the
target node when data has to be transmitted. So, if the target node basically receives it
turns on the data radio STEM T, basically it works more like is you know controlled
broadcast kind of fashion. So, initially the wake up radio sends a simple pulse which is

called the tone so and that tone is received in a broadcast manner to the neighbors these



neighbors also keep on doing the same and if the node detects a tone then it turns on the

data radio.
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GAF: Geographic Adaptive Fidelity

= Uses locationinformation
= Creates virtual grids

= Node states
* Discovery- sends and receives discovery messages
* Determines nodes in the grid
= Active state
= Sleep state
* Redundant node
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So, this is the difference main difference between B and T variants of the STEM
protocol, STEM algorithm. So, as | told you before at the outset I am not going to go
through the other algorithms GAF which uses virtual grids virtual grids are sort of like
the entire terrain where the sensor nodes are deployed are divided into rectangular
shaped kids.

(Refer Slide Time: 22:53)

= Directly measures connectivity
* No location information required

* Finds redundancy more accurately
= (Creates overlappingclusters
= Gatewaynodes
* Connect clusters — preserve network connectivity
* CH rotated
= After all cluster heads and gateway nodes are determined, the rest

of the nodes in the clusters are considered redundant and are put
to sleep.

= After a specified duration of time, these nodes wake up and
cluster heads will once again be selected.
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So, GAF CEC is another sleep cycle management algorithm which basically rotates the
cluster heads with time and after all cluster heads and gateway nodes the determined the
rest of the nodes in the clusters are consider redundant and or put to the sleep state this is
the whole idea behind the CEC.

(Refer Slide Time: 23:13)

= Neighbor list maintained by periodic HELLO message broadcast

= Coordinators
= Two neighbors can’t reach each other
* Periodically demote themselves

= Uses local information only
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And there is a span algorithm which basically maintains the neighbor list by periodically

sending HELLO message broadcast.

(Refer Slide Time: 23:24)

= Begins time period by broadcasting HELLO message

= Receive HELLO message, increment counter

= |f counter = predefined value, node sleeps; otherwise, node stays
awake

= Simple algorithm
* No location information required
* |Introduces traffic with HELLO message

* Nodes allowed to sleep not rotated
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And the last one is a Naps, the Naps algorithm basically is another sleep cycle
management algorithm it begins the time period by broadcasting a particular message
and then if this.

So, this particular message is then received and whoever receives it is a counter is
incremented if the counter is a predefined value then the nodes sleeps otherwise the
nodes stays awake and so, it the benefit of naps is basically that no location information

is required and it; however, introduces the traffic with hello message.
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WSN Types

= Heterogeneous Networks
* Nodes of different resources

= Homogeneous Networks
* Allnodes are the same
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So, sensor networks can be broadly classified into 2 types the heterogeneous sensor
networks and the homogeneous sensor networks heterogeneous networks are the ones
where the nodes are different that different the different nodes have different resources
and inhomogeneous networks all the nodes are the same and all the resources that they

have are also the same.

So, consequently what happens, we can infer that in a heterogeneous network the radii of
the different nodes the transmission radii of the different nodes basically a are different,
but in a homogeneous network basically they all these nodes they all have the same

transmission range.
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Clustering Algorithms

* Heterogeneous
* Low-energy Localized Clustering (LLC)

= Homogeneous
®= Signal-based
* Distance-based
* Neighbor-based
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Clustering algorithms basically you know LLC; low energy localized clustering
algorithm is a popular algorithm that is propose for heterogeneous sensor networks and
for homogeneous very single sorry, signal based algorithm distance based algorithm and
never based algorithm.

(Refer Slide Time: 25:08)

LLC: Low Energy Localized Clusterin )

= CH determined prior to network deployment
= CHs have more processing power and energy
= Sink node knows location of all CH

= Two phases
®= |nitial phase

= Cluster radius decision point (CRDP): How clusters can be formed that can
minimize energy consumption of the CHs.

= Clusterradius control phase
* Adjustcluster radius to minimize radius and conserve energy

= Requires location information
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So, the LLC algorithm is a clustering based it uses a clustering based approach where the
cluster head is determined prior to network deployment these cluster heads have more

processing power and energy the sink node knows the location of all the cluster heads



and there are 2 phases that are executed the initial phase and the cluster radius control
phase the in the initial phase the cluster radius decision point algorithm is implemented.
So, it talks about how the clusters can be formed that can minimize the energy
consumption of the cluster heads.

So, this basically this algorithm basically takes care of the formation of clusters while
minimizing the energy consumption of the cluster heads and the second one the cluster
radius control phase basically adjusts the cluster radius to minimize the radius and
conserve energy.

(Refer Slide Time: 26:02)

Homogeneous Clustering Algorith

= Signal-based
* Low-EnergyAdaptive Clustering Hierarchy (LEACH)
* Access-Based Energy Efficient Cluster Algorithm (ABEE)

= Distance-based
* Energy Efficient Clustering Scheme (EECS)
* The Clustering Protocol (CP)

= Neighbor-based
* Topologyand Energy Control Algorithm (TECA)
= Power-Efficient GAthering in Sensor Information Systems (PEGASIS) ,

VA
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Homogeneous clustering algorithms signal based clustering basically 2 algorithms
belonging to this category are quite popular one is the LEACH algorithm the other one is
the ABEE algorithm. So, LEACH particularly is very popular and it is implemented in

different solutions in simulators and in different practical deployments as well.

So, then we have the distance based homogeneous clustering algorithm which uses the
energy. So, belonging to this category are 2 algorithms to energy efficient clustering
algorithm EECS and the clustering protocol CP. The third is the neighbor based
algorithms TECA and PEGASIS are algorithms belonging to this category.
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= Uses rounds

* Setup phase
* Create clusters

* CHdetermined by random numbers

* (CHsends CH-advertisement message

= Nodes join cluster of CH with strongest signal
= Steady state phase

= Uses TDMA for intra-cluster communication

= Large cluster formation overhead

= CH may be long distance from BS, because the CHs communicate
directly with the BS.

A
e
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Now, let me just give you an overview of the LEACH clustering algorithm which is very
popular algorithm. So, it basically works in rounds; rounds a; round is basically a
simulation run. So, you know. So, one run one round again second run second round

third run third round and so on.

So, this leach algorithm basically works in rounds. So, first it starts with the setup phase
it creates the clusters the cluster head is determined by random numbers the cluster heads
sends cluster head advertisement messages the nodes join the cluster of the cluster of the
cluster head with the strongest signal steady state phase it basically is used for
representing the intra cluster within the cluster communication. So, what happens is the
different nodes in within the clusters they are going to talk to each other via the TDMA
protocol using the TDMA protocol. So, use a TDMA for inter class inter class inter

cluster communication.
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= Cluster heads elected every round
* Recent cluster heads disqualified
*  Optimal number not guaranteed

= Residual energy not considered

= Assumes energy uniformity
= |Impossible with significant network diameters

Node n chooses a number between 0 and 1. If the number is less than the
threshold T(n), node n becomes cluster-head for the current round

= = i )
:)atioDeSIrEd cluster head / fneG
®= r =CurrentRound T'(n)y=41=P*(rmod )
* G = Setof nodes which P
have not been cluster head 0 otherwise

in 1/P rounds
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So, in the LEACH protocol the cluster heads are elected in every round and the recent

cluster heads that have been used in the recent times these are disqualified.

So, the way energy efficiency energy uniformity is maintained is like this that if node in
chooses a number between 0. So, initially the node n basically chooses a number
between 0 and 1. So, randomly it chooses a number if the number is less than threshold
then T n threshold T n sorry, if the number is less than the threshold T n node n becomes
the cluster head of the current round. So, this T n which is the threshold of for a
particular node n is calculated like this the T n equal to P over 1 minus P star or mod 1
by P, if n belongs to G 0 otherwise where P is the desired cluster head ratio and r is the
current round and G is the set of nodes which have not been cluster head in 1 by P

rounds.



(Refer Slide Time: 29:28)

= Request-response algorithm

= Requires location information

= Nodes broadcast message and start timer
= Receive response from CH, join that cluster
* Otherwise, become CH

= Allnodes send periodic message with location

= |f member node finds closer CH, join that cluster
Minimizes distance from node to CH

= Clusters may merge if close to each other

= Rotate role of CH

= Data fused at CH

= Does not consider residual energy in CH selection
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So, this is the formula that is used for selecting the cluster heads ABEE algorithm is also
a cluster based algorithm I am not going to go through this in detail, but the features of it

are mentioned over here.

(Refer Slide Time: 29:39)

= At network deployment, BS broadcasts message to all nodes
* Nodes determine distance to BS

= Based on LEACH protocol

= Three phases

= Cluster head election phase
= Candidate nodes (based on a random number)
* |freceive message from a candidate node with more energy, join that cluster
* Otherwise, become CH

= (Cluster formation phase
= Minimize distance from node to CH and CH to BS

= Data transmission phase
= Maintains better distance between CHs
= Rotate role of CH
= Considerresidual energy in CH selection
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= Five states: initial, sleeping, passive, bridge, and cluster head

= Measures link quality of neighbors
= Neighbortable maintained by beacons

* Candidate nodes (nodes not member of cluster) — broadcast
message

* CH - candidate are with most residual energy

= Bridge node — maintain network connectivity between clusters
®= CHs notclose

* CH and bridge roles rotated

= Residual energy considered in selection process

CSE, IIT Kharagpur
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PEGASIS

= Nodes form chain (linear structure)
* Base station initiates the process
* Greedyalgorithm

= Node transmits to one neighbor node
= Data fused at each node

= Leader for each round transmits to BS
= Nodes far from BS will not be leader

= Residual energy not considered

= Global knowledge of network required

CSE, IIT Kharagpur

ECS is another one which is again a cluster based algorithm take I use another cluster
based algorithm and finally, PEGASIS which is again like leach is a very popular
algorithm, but again due to lack of time you know | am not going to go through
PEGASIS in detail. So, these algorithms particular leach PEGASIS etcetera are so
popular that one should go through them one should understand them very well
particularly you know understanding should be such that one after the class they should

be able to go and implement.



(Refer Slide Time: 30:18)

Create optimal clustering algorithm )

aaxciean

= Distributed

= Rotate role of CH

= Fuse data at CH

= Relatively short distance CH to BS

= Member nodes join best cluster
* Do not use location information

= Load balance clusters

= Eliminate assumptions
* Consider transmission errors and collisions
* Consider node failures

CSE, IIT Kharagpur

So,. So, clustering basically it should be done in such a way that the cluster heads are
distributed uniformly as much as possible and at the same time the cluster heads should
be rotated and the cluster head the data that are received from the different sensor nodes
which are the member nodes that should be fused and this is how the cluster heads are
formed and the function as the cluster heads are implemented. So, the load between the
different clusters should also be balanced in order and that basically a optimal clustering

algorithm will essentially take care of it.
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So, these are the important references for understanding this particular topic on topology

management for wireless sensor networks.

Thank you.



