
International journal of advanced scientific and technical research            Issue 2 volume 6, December 2012          

Available online on   http://www.rspublication.com/ijst/index.html                                      ISSN 2249-9954 

 Page 446 
 

Markovian Network Model of the Infinite Word 

Factorization  

Dr.K.Thiagarajan
1
, J.Padmashree

 2
, Dr.S.Jeya Bharathi

 3 

Department of Mathematics, 
1
 Velammal College of Engineering & Technology, 

2,3
 Thiagarajar College of Engineering, 

Madurai, Tamilnadu, India. 

 

ABSTRACT 

 

This Paper illustrates the probability results for Infinite word factorization of 

Fibonacci series with k-states. The node labelled automaton which are better network 

model for HMM (Hidden Markovian Model). The factorization of Fibonacci series with 

4-state Automata is generated. Fibonacci factorization work as node labelled automata 

and the factorization of 3-state automata is presented and the limiting state position with 

the reliability of the network is calculated  the access time to the system at any particular 

instant state. The limiting probability for the various states in the network and the 

expected state position in the growth of the infinite word with uniform factorization in the 

steady state case is computed in a node labelled automaton. 

 

Keywords :Factorization, Markovian network, Fibonacci number, node automata, access 

time. 

 

I. INTRODUCTION 

There is no infinite word in the world. If it so it will be a function with certain limit and it 

will become a finite one. We factorize an infinite word using grammar and obtain 

Transition Probability Matrix for the Fibonacci sequence at various levels of states in the 

Markovian network model. This Markovian network model gives the simplified form in 

terms of factorization. This Markovian Network Model has advantage that any large 

number can be made into a smaller form with proper production rule applied to the 

network and computed easily in the smallest one. This has many applications in the day to 
day life mainly Cryptography, Network security and Information security. 

 

II  FINITE  STATE  NETWORK MODEL 

 

A key concept used in many network models is the finite state machine .With this 

technique , each protocol machine (i.e., sender or receiver) is always in a specific state at 

every instant of time .Its state consists of all the values of its variables. A word about the 

channel state is in order. A frame remains “on the channel” until the protocol machine 

executes FromPhysicalLayer and processes it. 

From each state, there are zero or more possible transitions to other states. Transitions 

occur when some event happens. For a protocol machine, a transition might occur when a 

frame is sent, when a frame arrives, when a timer expires, when an interrupt occurs, etc. 

For the channel, typical events are insertion of a new frame onto the channel by a 

protocol machine, delivery of a frame to a protocol machine, or loss of a frame due to 
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noise. Given a complete description of  the protocol machines and the channel 

characteristics, it is possible to draw a directed graph showing all the state as nodes and 

all the transitions as directed arcs. 

A finite state network model of a protocol can be regarded as a quadruple (S, M, I, T )  

where  S is the set of states the processes and channel can be in. 

           M is the set of frames that can be exchanged over  the channel. 

            I  is the set of initial states of the processes. 

           T  is the set of transitions between states. 

 

III  L-SYSTEM FOR THE INFINITE WORDS 

 

Fibonacci word is a particular case of a large family of infinite words called sturmian 

words. It is the limit of a sequence of finite words (Fk)k>o defined as follows:  

Fo = b,     F
1 = a and  Fn = Fn-1

 Fn-2 
 for all n≥1. 

 

Which generates,  

F
2
  =  ab, 

 F
3   

=  aba, 

     F
4
  =  abaab, 

            F
5  =  abaababa . 

 The Fibonacci word is f  = lim fn. 

Consider the following Fibonacci system, the grammar to generate the Fibonacci 

sequence is  G ={Σ, P,S}     

 where     Σ    =   {a,b} is the set of input symbols 

                S    =    a is an axiom and       

                P    =   {a→b, b →ba}. 

     Here   Σ    =   {a,b}  is the set of input symbols 

                S    =     a               is the starting symbols   

                P1   :     {a→b} 

                P2   :     {b →ba} are the production rules 

 

 Then the fascinating behavior of the above the System is 

 

                           fo        :          a               

     f1   :          b 

     f2   :          ba 

     f3   :          bab 

     f4   :          babba 

     f5   :          babbabab 

     f6    :          babbababbabba 

                ………………………………..…………  

and the generation is defined as a sequence (fn),  n = 0,1,2,3,… where each generated 

word fn is a word in (* that evolves from the previously generated word fn-1 by applying 

the production rules to each symbol of ) fn-1. 

The Fibonacci sequence formed by the above sequence is 1, 1, 2, 3, 5, 8, 13… 

Considering the factorization process for the Fibonacci sequence at various levels of 

states, we compute the following models. 
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3.1 Model : 

 

The Transition Probability Matrix (TPM) for the Fibonacci sequence at the state F9 is 

 

  F9 = F8F7 

      =F7F6F6F5  

      =F6F5F5F4F5F4F4F3 

      =F5F4F4F3F4F3F3F2F4F3F3F2F3F2F1 

      =F4F3F3F2F3F2F2F1F3F2F2F1F2F1F1F0F3F2F2F1F2F1F1F0F2F1F1F0F1F0F1F0 

      =F3F2F2F1F2F1F1F0F2F1F1F0F1F0F1F2F1F1F0F1F0F1F1F0F1F1F0F2F1F1F0F1F0F1F1F0F1 

        F1F0F1F0F1F1F0F1F0F1 

      =F2F1F1F0F1F0F1F1F0F1F1F0F1F0F1F1F0F1F0F1F1F0F1F1F0F1F0F1F1F0F1F1F0F1F0F1F1     

            F0F1F0F1F1F0F1F1F0F1F0 F1F1F0F1F0F1 

           
Similarly any Fk ,  k >2 at any level can be factorized and this follows the following.  

  

IV  TRANSITION  PROBABILITY MATRIX (TPM) FOR F9: 

 

Definition 4.1: 

The Transition Probability Matrix, P, is a square matrix in which each element, 

known as  transition probability Pij ≥ 0 and ∑Pij = 1 for all i.                  
                      

                                                                            j 

The Transition Probability Matrix (TPM) for Fibonacci sequence at the organism F9 

will be tabulated as follows, 

 

Table 1. TPM Table with 4-states 

 

. 0 1 2 3 

0 0 12/14 2/14 0 

1 14/25 9/25 2/25 0 

2 0 5/6 1/6 0 

3 0 0 1 0 

 

V    4-STATE FINITE STATE AUTOMATA (FSA) FOR TPM TABLE OF F9: 

 

The FSA [2] for the above TPM table with 4 states is as follows, 

 

 
Figure 1. 4-state Finite State Automata  
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VI  AUTOMATA TAXONOMY 

 

A node – automaton is a direct graph whose nodes can be labelled with letters. 

The arcs of a node- automaton are the transition with no label. A transition of node-

automaton is just a routing device. Node automata are better for Hidden Marko Model 

(HMM), factorization because in a node-automaton the processing is done in the node and 

the routing is done with arcs. A finite state automaton M = (Q, E, ∑, I, T), where Q-set of 

states (nodes), ∑- is an alphabet (set of symbols), E-is set of transitions (directed edges of 

arcs), I-is the initial state, T-is terminal state. In the node automaton discussed here, there 

will be a single terminal node referred as sink node. A quintuple (Q, E, ∑ , {0}, {1}) will 

describe an automaton with a starting symbol 0 and a single terminal node „2‟. A path of 

length k is a sequence of nodes in (0+1)* of length k. The factorization of the Fibonacci 

word taken as molecule is factorized into three states as „0‟ state, „1‟ state and „2‟ state 

say at time t = 0 and T is the time until it fails or ceases to function properly. T is called 

life length or time to failure of the system. The Fibonacci factorization tracks the 

following model. 

                                    
Fig-1 – node-labelled automaton 

 

In order to find the steady state position let λ, μ be some quantum energy as input and 

output respectively at any state in the state space S, where S = {f0, f1, f2} say as {0,1,2}. 

Assume that the initial state of the Markov chain is at „0‟ and P2(0) = 1.  It is always 

energy (communication) flows from one state to another state. The communication from a 

state to itself has no effect on the communicating system. This follows the following 

Markov chain as graph. 

 

VII   MARKOV CHAIN AS GRAPHS 

   

Generalizing the transition process of the above factorization the path movement from 

state i to j (from 0 to 2 ) at any state position takes the following   path  movement .   

  
7.1 Access time: 

         The expected time of steps in which node „j‟ is visited, starting from other node and 

starting from node „j‟ to another. It is denoted by E(Xj) which is given by 

 
7. 2  Model: 

 

Consider the Three state diagram of the Markov chain (Fig 2) 

As the factors start from state 2 assume that as initial state of the Markov chain as 

P2(0)  = 1 and Pk(0)  = 0 for  k = 0, 1. 
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Then the system of differential equation becomes  

   

)()()(2
)(

12
2 itPtP
dt

tdP
 

 

    
 

  

)()(
)(

1
0 iiitP
dt

tdP
 

 
 

using the technique of Laplace transform, we can reduce the above system to:    

   

  
 

)()()()(2)( 121 vsPsPsPs  
 

 

)()()( 10 visPsPs  
 

 

solving these three equations and construct )(1 sP  from equation (v) 
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Now we construct P2(s) from equation (iv)  
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Construct P0(S) from the remaining equation  
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As before, if X is the time to system failure, then: 
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Therefore: 
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After simplify, 
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Where, A=numerator   and   B=denominator 

  
22 2)3(),(2   ssBandsA

 
Instead of inverting this expression to obtain the distribution of X, we will be content with 

obtaining E(X) using the moment generating property of Laplace transforms: Let X1, X2, 

X3 be any three positions in the structure, then access time at X2  is 
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   and 
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Instead of inverting this expression to obtain the distribution of X, we will be content with 

obtaining E(X) using the moment generating property of Laplace transforms: 

 

     

                      

    
 

The access time at X0 is calculated as above. Due to this factorization, the required 

approximations are met out by the calculated expected value. 

 

7. 3  Remark: 

 

Generalizing the transition process of the node-labelled automaton of Fibonacci 

factorization of Markov chain network model, the access time of the end state is always 
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one. whereas the access time of the state in the network other than end state is totally 

dependent on the weight given to the transition i.e., dependent on μ and λ. 

 

VIII    PERFORMANCE OF THE MARKOVIAN NETWORK MODEL 

 

Let us now examine the performance of the n-state markovian network model under the 

condition of heavy and constant load , that is , k states always ready to transmit. A 

rigorous analysis of the binary exponential backoff  algorithm of [8] is complicated. 

Instead we assume a constant retransmission probability in access time of each state. If 

each state transmits during a contention access time probability p, the probability A that 

some station successfully acquires the channel during the access time  is  

                       A = kp (1-p)
k-1 

To find the optimal value of p, we differentiate with respect to p, set the result to zero, 

and solve for p. 

Doing so, we find that the best value of p is 1/k. Substituting p=1/k,we get 

 

Pr [success with optimal p] = ((k-1)/(k)) 
k-1 

 

That is, A is maximized when p=1/k, with A→1/e as k→∞. For small number of states in 

the network, the chances of success are good, but as soon as the number of states gets 

increased, the probability has dropped close to its asymptotic value of 1/e. 

The probability that the contention interval has exactly access time of „j‟ in it is A(1-A)
j-1

, 

so the mean  number of  access time is given by 

A
AjA

j

j 1
)1(

0

1 




  

 

Since each access time has a duration 2τ, the mean contention interval, w, is 2τ/A. 

 

8.1 Observation: 

 

Assuming the optimal  p, the mean number of contention access time is never more than e, 

so w is at most 2τe 5.4τ. 

If the mean frame takes P sec to transmit, when many state have frames to send, 

         State efficiency =  
AP

P

/2
 

     

IX   CONCLUSION 

 

In general we use edge labelled automaton and here node labelled automaton is 

used for the infinite word factorization. Thus the access time to the network at any 

particular instant state has been computed. The computation of access time for each state 

leads to the result that they are unique in a network and performance of the network is 

computed with respect to the access time of the states. This can further be extended with 

the language study and this node labelled automaton for the infinite word factorization 

using markovian model can be examined with the edge labelled automaton. 
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