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Abstract- Mobile Ad hoc Networks provide flexibility and dadility which was not taken into consideration
by the existing distributed systems. These netwarksdistributed networks and do not require arigtiexy
infrastructure. But in these types of networks ¢heccurs some problems among which one may be rirogur
of fault. This may occur due to link failure, faitu of nodes or network. We illustrate the solutimn
maintaining link connectivity even if the links twe used fails. A modified fault tolerance globahsping
subgraph algorithm is determined which proves kreativity. This algorithm helps to form the minimum
spanning tree considering the probability distridsutfunction as edge weights in case the minimungktesdge
to be added fails. This paper illustrates the waytdieratefault using modified global spanning saiph
algorithm and tested the performance of the praghasgorithm using NS-2 simulation.

Index Terms-Mobile Ad hoc Networks; Fault tolerance; K-conneityi; minimum spanning tree.

configuration can be either static or dynamic.lifes

is very limited and variable. MANETs uses flooding
1. INTRODUCTION in contrast to classic routing for transmittingalat
Mobile Ad hoc Networks (MANETSs) are a group of  The different network devices can be added easily
autonomous nodes or terminals which by formingn these types of networks. Here every user has a
multi-hop radio network exchanges informationspecific network address that is specified as & qfar
between each other and in a decentralized wdle network. It is an example of the network type i
maintain connectivity over wireless links. Inwhich a group of two or more devices have the
MANETs nodes make a network temporarily withoucapability of networking and exchanging information
taking into  consideration the  centralizedwith each other. They generally help in anytime and
administration so these are a type of decentralizeéthywhere computing. They are an auto configurable
network. The network is called ad hoc as it i€nd self- organising type of network. Here nodes in
independent of pre-existing network infrastructurethe network have the capability of performing rogti
They are not having any fixed infrastructure. Eaclevery host in the network works like a router. Ag t
node in MANETSs is free to move in any directionnodes are free to move they are having dynamic
independently, therefore can change its links ® trtopology.

other nodes frequently. As nodes are free to moge t MANETSs are different from the cellular networks
topology changes frequently so changes in th the sense that as in cellular networks thengrés
topology may not be easy to predict. This networklanned locations for establishing the base statir
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Fig. 1. Generalized framework of MANETs

233



International Journal of Research in Advent Tecbgyg| Vol.2, No.2, February 2014
E-ISSN: 2321-9637

in these the base stations are not employed asd thical parameter. So it's possible to construct liaed
type of network forms automatically and is alsokab algorithms which can preserve asymptotic k-
to change. Moreover in the cellular networks thiere connectivity. But in this work the minimum value rof
present a static backbone topology whereas in Ad hto be taken is not given. Bettstetter et al. [Zoal
networks dynamic topologies are there which changésund the connection between k-connectivity and
frequently in response to change of the transmissianinimum node degree for random graphs. For the
range of the various nodes present in the netwmrk almost surely k-connected network analytical
exchange information with the other nodes. expression of the important ranggs calculated and
The path between nodes in the mobile ad haafterwards verified by simulations.
networks generally includes multiple hops so it is Li et al. [3] further summarizes Penrose’s work
genuine to call this type of networks multi hopby giving the lower and upper bound on the minimum
MANETSs. In Fig. 1, an example of Mobile Ad hocvalue of r at which value the graph is k-connected
and communication topology is shown which considhaving high probability. They also proposed a
of various computer devices such as PDA's, laptopscalized topology control algorithm under the
and routers. Each node can exchange the informatibomogeneous network assumption that preserves k-
directly with every node that lies in its scope oftonnectivity. The proposed design is based on the
transmission. To communicate with nodes that li¥ao structure.
around its radius, the node relies on the interaiedi Hajiaghayiet al.[4] for finding the minimum
nodes to transmit the message by jumping. power k-connected sub graph have given three
The advancement in the field of the wirelessapproximation algorithms. Two global algorithms are
technology has posed many challenges under whitlased on predefined approaches. The first give® an
comes the problem of fault tolerance that can ogtur (ko) - approximation, hereis the best approximation
the network. The nodes in MANETs consume powefactor for the k-UPVCS problem. The other advances
for communicating with the other nodes presenh@ t the approximation factor t® (k) for general graphs.
network. But if the nodes collectively determinelsu The third algorithm, Distributed k-UPVCS, is an
a topology in which the number of links should belgorithm which presents a ¥ approximation, in
less. Then the power consumed for transmitting thehich cis the exponent in the propagation modet. Fo
message from one node toother consequentlyreducesintaining 2-connectivity, employingdistributed
as in turn the number of paths for routing the rages algorithm it firstly makes MST (minimum spanning
in the network decreases. tree) of the input graph and then afterwards ahyjtr
In forming such a network topology like minimumpaths are inserted between each node and its
spanning tree of the graph modelled as a network, keighbours in the resultant tree. So it can be
connectivity is considered. The network is saicbéo concluded that it is not a fully localized algorithas
k-vertex connected if on removing at most k-lthis distributedalgorithm is based on the dist®out
vertices or nodes even, the network remain®IST algorithm. It means that it depends upon
connected. The links to form k-connected topologynformation which is multiple hops away to make the
are chosen based on minimum weight but in case th@nimum spanning tree. So this indicates involveimen
link having minimum weight cannot be added becaus# large overhead for maintenance and delay when in
of failure of that link, then from that node chodke response to node failure or mobilitythe topology
link having minimum probability distribution functh needs to be changed. Moreover, it has been
(pdf). determined in inspecting the distributed algorittiat
The paper is organized further as follows: thgenerally the node on the minimum spanning tree
related work is discussed in section Il, sectioh llcannot be able to exchange information with the
summarizes the problem formulation, then the sectimeighbouring nodes because of the limited
IV provides insights into the performance analysisransmission power. Due to this very basic reatom,
and finally in section V the report is concluded. arbitrary path that connects the neighbouring naales
the algorithm may not exist in a network of low
density.
2. RELATED WORK Ramanathan et al. [5] has given two centralized
Penrose et al. [1] studied in random graph of nesod algorithms, CONNECT and BICONN-AUGMENT,
the property of k-connectivity by inserting an edg  which decreases the maximum power used by each
most r distance apart between each pair of nodes. Hode in the network while preserving the bi-
proved that the minimum value of r at which theconnectivity of the network. These two algorithme a
graph is k-connected is equal to the minimum value the simple greedy algorithms that combine the wario
r at which the graph has minimum degree of k, witlkomponents in iterations until one of them remains.
the probability 1 as n goes to infinity. The im@orte Calinescu et al. [6] also referred through the Min-
of this outcome is that it connects a global progpef Power Symmetric Biconnectivity problem. They
the graph i.e. k-connectivity to the node degree, proved that the Min-Power Symmetric 2-node
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problem is NP hard problem. But after that they.e., the type of tree in which even on removaksif
presented a new algorithm which has a constawmertices the graph remains connected. Here we have
approximation ratio, MST-Augmentation, for 2-to choose the edge or link in the graph modeled as
connectivity. network on basis of the pdf rather than on basis of
As the proposed modified fault tolerant globalonly minimum weight.
spanning subgraph is similar to the CONNECT and The criteria will be to obtain a graph which
BICONN-AUGMENT in context to the process inshows that as the value of one parameter increases
which the topology is derived, like the way ofcorrespondingly the other one decreases or vicgaver
combining the various components iteratively but iThe graph obtained describes the relation betweén p
various concerns it is different from these twaand the minimum weight value being specified fa th
algorithms like the Modified fault tolerant global various nodes. The concept is implemented further
spanning subgraph preserves k-connectivity white thwhich describes that even if the edges of the
BICONN-AUGMENT only preserves 2-connectivity, minimum weight fails then the edges having weight
SO we can say that it is more general. Secondiethemore than them can be used based on the pdf of them
is no proof given that satisfy the correctnesshaf t which will be less to maintain network connectivity
BICONN-AUGMENT but just mentioned in [5] while
the whole considerations for proving the correcthest. PERFORMANCE ANALYSIS
of the MFGSS are detailed. Moreover the CONNECT . , , .
and BICONN-AUGMENT works under the Duk_stras and Krl_JskaIs algorithm are two
supposition of only homogeneous networks, where ong important algorithms for graph [12]. These

modified fault tolerant global spanning subgraph ca? _gqnthms are _used for finding path and forming
be networks where maximal transmission power inimum spanning trees from the connected graphs.

every node present in the network is different here can be modified versions of these algorithms
Link and network failure in mobile éd hOCwhich can be used to find different variations aths

networks occurs because of the failed componen&groughoUt a graph depending on what weight (valug
present in the network as a result of the naturd @n edge, or connectionbetween graph nodes)sone i

disaster or due to malfunction. Even when the noc%ttemptlng to perform path optimization for. Since

moves from the cluster node failure occurs. rusl_<a|’s algorithm (and a varia_ltion (.)f Dijkstra’_s
Khazaei et al. [7] improves the data transfer analgorlthm) isthe backbone of the simulationcodeWwhic

afault tolerance capability by forming backup pat vas used to fo”'ﬁ the sta_ble br(_)_adca§t topolpgy, S0
during route reply, route maintenance and whilalloc irstly we W'I,I go into detail on Dijkstra’s algafim
recovery between source and destination. Ahmed d Kruskal's algorlthm and see how they work to
al. [8] proposed a fault tolerant routing prototiaht better understand their role.

examines two routes from source to destination. Whe Dukstrgs a'gof'thm.'s used for_ finding pg‘gh in
link failure occurs on one path at the same time ﬁraphs. This algorithm is used to find the minimum

swaps to the other path and fault gets tolerated. weight path or the shortes_t path from the source
Shaiji et al. [9] [10] proposed a Self-eliminatingvertex to every other vertex in the mobile grap®][1

Fault-tolerant based Un-interrupted reliable SezrvicThe algorithm initiates from the source vertex and

switching mobile Protocol. In this protocol genéral continuing in iterations gradually results the

proper nodes present in the network are found aﬁﬁ"_“m”m'weight path to e"?‘Ch and every vertex _in the
reliable connections are formed between them in tﬁ’&e'ghmd graph. The algorithm assumes the .W.e@ht of
heterogeneous surroundings. every vertex from the source vertex to be infiratyd

Adeluyi et al. [11] present spiral millipede insr O of itself to calculate the shortest path. In each

routing protocol as a bio inspired routing approacrf;rat'on’ the algorithm examines if there exisiay

This protocol helps reducing the overhead face t{:l” tthed nelghﬁoufrtﬂodes W'tth Ietshs Weylgjfg)tl t&\g: th
during routing and also increases the fault tolesan estimated weight of the current path available

capability in case of the occurrence of link fa@ur Sp‘?c'f'c vertex. And if therg exist Iesser weigfe
weighted value of that specific vertex is updated.

Then from there the neighbour vertices are
discovered to determine that whether it is posdible
In this section the problem related to toleratiaglf reach the other neighbouring nodes on the path with
in the network is described. The fault in the netwo less weight than previously determined by another
can occur due to failure of any link in the networkpath. This whole process is basically determinegr ov
The approach defined is to create a minimurall the iterations.
spanning tree of the main connected graph by Kruskal's Algorithm is a type of the greedy
choosing edges from it on basis of some othalgorithm that helps to find the minimum spanning
parameter rather than minimum weight in case thieee for the connected graph. This algorithm isifgv
link having minimum weight fails. The minimum awareness about all the nodes present in the graph.
spanning tree to be formed must also be k- condecteéHere every node is given a specific key rather then

3. PROBLEM FORMULATION
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weight. Kruskal's algorithm uses the knowledge ofveight increases. So the links having minimum pdf
the edge weights to form the minimum spanning treare chosen to form edges of the minimum spanning
In this, in each iteration the edge having the desssubgraph.

weight is chosen and the nodes being connected by This distribution is used basically to represeit th
that particular edge form an edge of the minimuriifetime of some kind of equipment, or to represent
spanning tree. This process is gradually repeateéde interarrival time between successive eventsnwhe
during all iterations unless all nodes are conmkctdhe events occur purely randomly (like demands for
and the minimum spanning tree is created. The edgesmputer service, telephone calls at an exchange,
having less weight are added gradually and it iagoe etc.).

determined that adding an edge should not create th MGFSS is somehow related to Kruskal's
cycle. In this way the minimum spanning tree of thalgorithm, as Kruskal’'s algorithm [13] forms the

given connected graph is formed. minimum spanning subgraph which is 1-connected
spanning subgraph but this algorithm creates spgnni

4.1. Modified fault tolerant global spanning subgraph for value of k greater than 1 and edges ar
subgraph (MFGSS) selected based on the pdf. Generally edges haling t

A centralized MFGSS algorithm is considered WhicflgeSS pdf are selected to form an edge in minimum

- . daanning subgraph.
fo_m.‘s k-conn_ected minimum spannmg_subgraph USING " The various ways to prove the correctness of
minimum weight. The minimum spanning subgraph IRIEGSS is different from that of the Kruskal's
created from the connected graph considering t?}i

. orithm even though it is generalized form offihe
calculated pdf between two nodes as the edge veeig grrectness of MF(?SS is gproved further but before

in case the link having minimum weight in thethat in its context two lemmas are given, these are

netwc_)rk fails due to some reason. Depending upen tI?equired for the proofs to assumed propositions for
pdf links or edges are chosen. Usually the wg?oving the correctness of the proof
having the minimum pdf are chosen. The pdf i '

applied based on the number of nodes and the ) ]
minimum weight. The pdfis calculated using Eq. (1)Le€mma4.1. Let x and % be the two vertices in a k-

asin connected graph G. Ifpand % are k-connected after
the removal of the edge; (%), then G - (x, %) is still

pdf (i) = e ) k-connected [14].

Here pdf is the probability distribution function, Lemma4.2. Let G and G’ be the two undirected

z is the minimum weight to be entered, graphs having same number of vertices. The G’ will

i is the number of nodes to be entered. be k-connected since E (G’) is subset of E (G)sG i

also k-connected [14].
From Eg. (1), it is determined that the value of isd
inversely proportional to the value of z. So theélheorem 4.3. MFGSS can preserve k-connectivity of
minimum pdf decreases as the value of minimurfs, thatis G’ is k-connected if G is k-connected][1

Fig. 2. Example proving k-connectivity of graph G’
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Proof. As the edges are added into G’ in ascendinglinimum pdf. So the criteria will be to form tree
order, whether x is k-connected to y at the mome@sed on pdf and consider that it is also k-coremect
before (x, y) is inserted is dependent on the edgé8 basis of proofs given in [14].
having less weight. Therefore every edge (% k&) =
E(G) — E(G") satisfies that x is k-connected tayd- 4.2. Algorithm
{(x,y) € E(G): w(x,y) >= wW(%, Yo)}- So in this way it -
can be proved that G’ preserves k-connectivity of é/lFGSSAIgonthm
by applying lemma 2 to G’ [14]. Procedure: MFGSS
The proof can be explained with the help of"Put: G (V. E), asimple k-connected graph
diagrammatical representation given in Fig. 2. Output: G* (V', E), a k-connected spanning
To provide the proof for k- connectivity two SuPgraph of the graph G
lemmas are considered in [14] which describesithat BeJIN ,
the graph G even if removing one edge @) from L+ Y =V.E'=¢
the graph, xand % remains k-connected then the2: foriton .
graph after removal of this edge is also k-conmkcteS: 2 = Minimum weight ,
The second one consider that every edgexgxin the display the results according to equafijn
graph Gsatisfies that xis connected toxand as it is arrange edges in ascending order of weight
having edges of weight greater than the edgeseptes®- fo_r every edge (xx,) in the o_rder,
in the graph G’, then G’ is also k-connected alt be if X, is not k-connected ton G
seen thatgraph (Gis k-connected as removing any®:  thenadd {xx,)} to E _
vertex at a time from graph does not disconneas tfv: else if in the same connected compbifen
graph. The graph G is k- connected main graph afl Nodes are present then
G’ is the minimum spanning subgraph of graph G and: exit
Gy is the graph formed having edges of G that notl:  endif
presentin G'. 12: end
In the proof given in [14] it is being proved thatENd
graph G’ is k-connected as links are added in
ascending order of weight. As it is seen that tfaply
Giis having edges of weight large than the edges dhe MFGSS algorithm creates the minimum spanning
the graph Gand is k-connected based on which it igree from a connected graph and uses minimum
proved that G’ is also k-connected. So according tarobability distribution function as the edge wetigh
the problem the minimum spanning subgraph of the The pdf is measured by entering the value of
graph is formed taking into account the edges lgavirminimum weight for various number of nodes
minimum pdf. Like in case if we consider that in G’entered. The average of simulation results yielded
link having minimum weight 3 fails, then we canshows that as the value of minimum weight increase
choose the edge having weight 4 to form théhe value of pdf decreases correspondingly. In Bjg.
minimum spanning tree as that link must be havingverall simulation result for minimum weight 0.2 is
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Fig. 3. Simulation results for minimum weight 0.2
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shown and in Fig. 4, result for the minimum weight
0.8 is shown for 5 nodes entered.
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Fig. 5. Graph showing pdf values w.r.t minimum wvieifpr node 2
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Fig. 6. Graph showing pdf values w.r.t minimum vieifpr node 3

(4]

The graph in Fig. 5, shows the pdf values against
the minimum weights defined for the node 2 and in
Fig. 6 for node 3. [5]

5. CONCLUSION AND FUTURE SCOPE 1o
We consider the centralized fault tolerant global
spanning subgraph algorithm which can form the kp
connected minimum spanning subgraph to maintain to
maintain the link connectivity. The conclusion draw

is that link connectivity can be maintained by8]
choosing the link having minimum pdf in case the
link to be added having minimum weight fails torfor 9
the k-connected subgraph. The edges are chosen tMn
to form subgraph based on edges having minimum
values of pdf. The future considerations will be tqi0]
provide better network performance and to remove
the various other problems related to maintaining-1]
connectivity in the network by using much of the
information related to the network.

[12]
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