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Summary

We study mobile communication of networks, the ad hoc networks, has attracted Signing cant attention due
to its challenging research problems. Ad hoc networks are complex distributed systems that consist of wireless
mobile or static nodes that can freely and dynamically self-organize. We will use of the finite-state continuous- time
absorbing Markov Chain to computer the above performance metrics. The first model is introduce the two-hop relay
mechanism, that works as follow: when there is no rote between the source node and the destination node, the source
node transmits copies of packets to all neighboring nodes. That it meets for delivery to the destination. The objective
of this paper is to study the packet delivery limited lifetime.  The second model is for two-hop relay Routing with
limited Packet Lifetime with a single parameter in a random medium. where the source node wants to send a single
packet to the destination node. mentioned statement of the problem can be done in the following way: any complex
behavior based on a finite storage space can be represented as being generated by a realization algorithm for two-hop
relay Routing with limited Packet Lifetime and with a finite memory.
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1. Introduction

For the last twenty years, mobile communications have experienced an explosive growth. In particular, one
area of mobile communication networks, the ad hoc networks, has attracted Signing cant attention due to its
challenging research problems. Ad hoc networks are complex distributed systems that consist of wireless mobile or
static nodes that can freely and dynamically self-organize. In this way they form arbitrary and temporary ad hoc
network topologies, allowing devices to seamlessly interconnect in areas with no pre-existing infrastructure.

We are captured through a single parameter, representing the expected inter-meeting time consider the model
introduced. In this model the characteristics of MANETS between any pair of nodes. More precisely, there are N + 1
nodes consisting of: one source node, one destination node, and N -1 relay nodes. Two nodes may only communicate
at certain points in time, called meeting times. The time that elapses between two consecutive meeting times of a
given pair of nodes is called the inter-meeting time. In it is assumed that inter-meeting times are mutually
independent and identically distributed random variables. Throughout we address the scenario where the source node
wants to send a single packet to the destination node. To this end the source may use the relay nodes according to the
MTR protocol, as explained below the source is always able to send a copy to another node.

We assume that the source is ready to transmit the packet to the destination at time t = 0. The delivery time
T, is the time after t = 0 when the destination node receives the packet. The latter is related to the overhead induced
by the MTR protocol in particular, to the total energy needed to deliver the packet to the destination. We will
use of the finite-state continuous- time absorbing Markov Chain to computer the above performance metrics.

2. Two-hop relay Routing with limited Packet Lifetime with Mobile
Ad Hoc Networks (MANETS)

Ad hoc networks are complex distributed systems that consist of wireless mobile or static nodes that can
freely and dynamically self-organize. In this way they form arbitrary and temporary ad hoc network topologies,
allowing devices to seamlessly interconnect in areas with no pre-existing infrastructure.

We are captured through a single parameter, representing the expected inter-meeting time consider the model

introduced. In this model the characteristics of MANETS between any pair of nodes. More precisely, there are N + 1
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nodes consisting of: one source node, one destination node, and N -1 relay nodes. Two nodes may only communicate
at certain points in time, called meeting times. The time that elapses between two consecutive meeting times of a
given pair of nodes is called the inter-meeting time. In it is assumed that inter-meeting times are mutually
independent and identically distributed random variables.

Throughout we address the scenario where the source node wants to send a single packet to the destination
node. To this end the source may use the relay nodes according to the MTR protocol, as explained below the source
is always able to send a copy to another node.

We assume that the source is ready to transmit the packet to the destination at time t = 0. The delivery time
T., is the time after t = 0 when the destination node receives the packet. The latter is related to the over head
induced by the MTR protocol in particular, to the total energy needed to deliver the packet to the destination.
introduce the two-hop relay mechanism, that works as follow: when there is no rote between the source node and the
destination node, the source node transmits copies of packets to all neighboring nodes. That it meets for delivery to
the destination. The objective of this paper is to study the packet delivery limited lifetime.

At time t = 0, the source is ready to transmit the packet the destination. Let denotes the packet delivery time
(or delivery delay), defined to as the first time T after t = 0 when the destination node receives the packet (or a copy
of the packet). Let G denotes the number of copies generated by the source before the delivery time. The state of
the system for t < Td is represented by the random variable I(t) € {1, 2, . . .,N}, where I(t) gives the number of
copies. For t = Td, it is assumed that the state of the system, I(t), is a. Under the assumptions made, {I(t), t = 0} is an
absorbing, finite state continuous-time Markov chain, with transient states {1, 2, . . . , N} and absorbing state a. Let
MC denotes the absorbing, finite-state, discrete-time Markov chain embedded just before the jump times of the
Markov chain {I(t), t = 0}. Let m(i, j) be the (i, j)-entry of the fundamental matrix of MC. Recall that m(i, j) gives the
expected number of visits to transient state j before absorption (or delivery time) given that 1(0) = i. The following
propositions hold.

Lemma: Consider a finite —state continuous-time, Markov Chain {M(£), t = 0}, of states space &={1,...,n,
n+1,...n +s}and infinitesimal generator matrix, G, of from

G ( u v )
0, 0.,
where U is a n-by n matrix, V is a n by n-matrix, Qyis a s-by n matrix of all entries equal to 0, Q.is a shy s

matrix of all entries equal to 0. The states { n+1,... n +s} the absorbing states. Then, (a) The states { 1,... n } are all
transient if and only if the matrix U is non-singular.
(b) The cumulative probability distribution, F(.), of the time until the absorption in one of the absorption
states { n+1,... n +s}, given that M(0) =i for 1 <i < m, reads
F(t)=1—a;exp(Ut) e t =0 (1.1)
where @; is the n-dimensional row vector whose all components equal to 0 except the it one that it is equal to 1, e is
the n-dimensional column vector whose all components are equal to 1, and

) (Ut)!
exp(Ut) == wey

i!
i=0
with Ut)“ = | the n-by-n identity matrix. Given that M(0) = i, the nth order-moment of time until absorption
reads: u* = (1) "n!{a; U™™e), i =0 (1.2).
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(c) The (i, j)-entry of (-U %), for 1 = I, j =n, is the expected amount of time spent in the transient state j,
given that M(0) = T . (d) Let denote the n-by-n diagonal matrix of diagonal entries equal to those of U. The (i,j)-entry
of (U™t 4)for 1 =1, ] = n, gives the expected number of visits to state j, given that M(0) = i(e) The (i, j)-entry of
(=U~V),forl =t j=nandn+1=1,] = n+s, is the probability that absorption occurs in the state j, given
that M(0) = i.

Proof: Assertions (a) and (b) are proved in [1]. Assertion (c) is the consequence of [1] and [2]. To prove
Assertion (d) and (e), consider the intestates, discrete-time, absorbing Markov chain embedded just before the jump
times of the Markov chain {M(_'t:l, t = 0}, The one-step transition probability matrix of the embedded Markov
chain reads :

1-470 -47W
\ 0O, I

where Is is the s-by-s identity matrix. Theorems [GS97, Theorems 11.4 and 11.6] applied on the embedded
Markov chain gives assertion (d) and (e) respectively. Coming back to our problem, in the following section we
provide a Markovian Analysis that gives closed-form expressions of the distribution of T; and &, and expected
value of Gz [3]. Markovian Analysis- The state of the system is represented by the random variable [ (1) €
{1,2,..n] ag, where I(t) € 1,2,. .n} gives the number of copies when the packet has not been delivered to the
destination (i.e., for 0 = £ = T,) and I(t) = a for £ = T. Under the assumptions made in 1.2, I(t), t < Tsisan
absorbing, finite-state, continuous-time Markov chain, with absorbing state a (referred to as M from now on). Let P =
[p (i; j)] be the infinitesimal generator matrix of M. From the transition rate diagram of M in Fig (1) we find

p(i,i+1)=(N-d)i, i=1,..N-1
pl,i—-1D=0G—1yu, i=2..N
pli,a) =id, i=1,..N
p(i, ) =—(NA+( -1, i=2,..N

p(i,)) =0,
otherwise,
MODEL-I
Intestinal generator matrix P of the Markov chain M
(N-1)5 (N-2)3 (N-i+1)7,  (N-i)3, 2 A
T TR e T A e
@— -—- (1] ——- (N-1) (N
m ) -~ e - - ____‘.:-E—Q____ =
| o2u (i-Du | i (N-2)u | (N-1)u |
| o PN [N | NA
I', \ - a"\_lF |
Fig.1
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Where Transition rate diagram of M.

_(Q ®
E= (_0 0)
Where Q = |[p(i, )]sz 2n). B = (p(1,a), ... p(N, @)T) and 0 is the N-dimensi-onal row vector whose
all components are equal to 0. Let @ = —Q ™. That shows that @ exists and finds the closed-form expression of it
s (i, j)-entry.

The original problem ,The probability distribution of the number of copies at delivery time is given by
P; [C; = j], and the ntorder-moment is given by 51[C§] [1], where
Pi [Cd = j] =q - {:I,}-}T’U, a )
Let P;[Cz = j] be the probability that the number of copies in the network at the delivery time is j, given there are i

copies in the network at time t = 0. We assume without loss of generality that the Markov chain M is left-
continuous so thatP; [C; = j]=P[I(Td) = j] (by convention I(t) is the state of the process M just before time t. In
words P;[Cz = jlis the probability that the last visited state before absorption is j, given that the initial state is i. If
we split the absorbing state a into N absorbing states @y, ... @,, as shown in Fig.2, we will not act the dynamics of
the original Markov chain before absorption. This means that the matrix Q in of the original absorbing Markov chain
is the same as its corresponding matrix of the moiled absorbing Markov chain. Clearly P;[C; = j], is now equal to
the probability that the moiled chain is absorbed in state @; . This shows that the N is large the sistem and has a
deterministic path MP.

MODEL-II

The model absorbing Markov chain with N absorbing states

[N_l}}u [«N_Z}}-. [N_1+1}}u (N_l}}u. z}u ;'-.
TR N AT A
-—-- [ i) ——- [N—l/: [ N
‘_____?_': v R ‘_______\.‘.: - __?.‘-'- o
m 20 (ST T (N-2)pt | (N-T)u
}I- 2}1. — l}u — {N_].J}u N}u
ST ST TN ray P
(a1 ragzy -—- [ai ) -——- [aN-1! (8N
Ay N R N N
Fig.2
3. Conclusion

There are two models for two-hop relay Routing with limited Packet Lifetime with a single parameter in a
random medium. where the source node wants to send a single packet to the destination node. However the
construction of two-hop Relay Routing models , has attracted Signing cant attention due to its challenging research
problems Indeed, the above mentioned statement of the problem can be done in the following way: any complex
behavior based on a finite storage space can be represented as being generated by a realization algorithm for two-hop

relay Routing with limited Packet Lifetime and with a finite memory [4].
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ABE MOAENWN ANA ABYXCKAUKOBOW MAPLLUPYTU3ALMMN MPU OFPAHNYEHHOM
BPEMEHW XXN3HW MAKETA
Hamuuenursunu Oser?!, Menaznze ['amner?, Acnannumsrau Mpma?
1-Ipy3uHCKNiA TEXHUYECKNIA Y HUBEPCUTET,
2-I'py3nHCKMiA YHuneepeuTeT M. AHApes Mepeo3saHHOro npu Mpys.Matprapxum
Pestome
B cTaTbe paccMOTpeHbl CeTV MOGM/bHO KOMMYHMKaLWK, Haue MMeHyeMble ad hoc (6ecnpoBOAHBIMM) CETAMM, KOTOPbIe
rnocnefiHee BPeMs MPUBEKN BHUMaHKe uccnegosateneid. Ad hoc ceTu - CnoXHble pacnpefeneHHble CUCTEMbI, KOTOPbIe COCTOSAT
13 6ecnpoBOAHbIX MOGUMBHBLIX (MOABMXKHbBIX) WAM  CTaTUYECKWUX Y3M0B, KOTOPble MOryT CBOGOAHO W  AMHAMWNYECKW
caMOOpPraHM30BbIBaTLCA. Hamu OyfeT MCMonb30BaTbCA MOrMOLAOLLAA MApKOBCKas Lienb C KOHEYHbIM YMC/IOM COCTOSIHWIA 1
HernpepbIBHbIM BPEMEHEM [ANSl peaM3aln 3TUX XapakTepUCTWMK Ha KoMnbioTepe. lMepBas MOAenb BBOAWT [BYXCKaUKOBBIA
MexaHu3M, KOTOpbIA paboTaeT Crnefytolym 06pa3oM: KOrfa HeT HMUKaKoro myTh MeXy MCXOAHbLIM Y3/10M W Y3/10M aapecata
(Ha3HayeHWs), MCXOLHbIN y3en nepefaeT KOMWW MAKeTOB KO BCEM COCEAHWMM y3naM. 3TO OCYLUECTBAAETCA A1 [OCTaBKU
nH(opmaLmn agpecaty (nonyuyatento). Llenb aToii paboTbl cOCTOMT B TOM, YTOGbl U3yunTb Mpo6naeMy [OCTaBKM NakeTa 3a
orpaHu4eHHoe Bpems. BTopas mogenb - Ans ABYXCKAUYKOBOA MapLUpyTW3aLuy NpU OrpaHU4EHHOM BPEMEHU XW3HWU MNakeTa ¢
eVHCTBEHHBIM MapaMeTpoOM B C/y4yaiiHOW Cpefie, rAe WCXOAHOMY Y37y CheflyeT NocCnaTb OTAENbHbIA MakeT y3ny afpecara.
dopMyNMpoBKa YNOMSHYTOW NPOG/MeMbl MOXET 6biTb BblpaXKeHa CrefytolWwmnM crnoco6om: n6oe CnoXHOe MOBefeHMe,
OCHOBaHHOE Ha KOHEYHOM MPOCTPaHCTBE MaMATH, MOXET ObiTb MPEACTaBNEHO Kak reHepupyemas airopuTMOM peanv3auys
ABYXCKaUYK0OBOJ MapLLpyTN3aLyK C OrpaHUYEHHbLIM BPEMEHEM XKW3HI NaKeTa 1 C KOHEYHOW NaMATbIO.
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