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Abstract—This electronic document is the exploration of 
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link to predict the blocking probability with the wavelength 
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I. INTRODUCTION  

Network blocking is a phenomenon when a portion of a 
communication subnet has too many packets. Make this part of 
the network have no time to deal with them, So that this part and 
even the entire network performance decline. [1] 

Blocking probability is the probability that the signal will be 
blocked during transmission. At same time, it is a variable used 
to predict the probability of network blocking 

Wavelength Conversion can effectively improve link 
utilization in network transmission, therefore, it is necessary to 
use Wavelength Conversion. However, it is limited by many 
factors, the number of wavelengths available is still limited, at 
the same time, the technology is not enough to support the 
application of a large number of nodes. [2] This requires us to use 
the Wavelength Conversion most efficiently, and so that leads 
to: How many wavelength converters are set? Where is the 
wavelength converter set? And so on. 

These problems require a lot of theoretical calculation and 
experimental verification. In order to carry out the theoretical 
calculation smoothly, a stable and reliable method which is used 
to estimate network transmission efficiency is necessary. 
Therefore, the study of blocking probability becomes an 
inevitable trend. 

II. MODEL ANALYSIS 

A. Actual Analysis 

In today’s network communications, we often use WDM 
technology. WDM is a system in which one fiber carries 
multiple wavelengths. Convert 1 fiber to multiple "virtual" fibers. 
Each virtual fiber works independently at different wavelengths, 
this greatly increases the transmission capacity of the optical 
fiber. [3] 

B. Sorting Model 

There are a series of nodes throughout the link network. 
Every two nodes is connected by a fixed number of links. Each 
of these links contains a certain number of road which has 
different wavelength. In one of the links, a wavelength has only 

one road. The arrival of data follows a poisson process with a 

velocity of μ. Service time obeys the poisson distribution of  

III. ANALYSIS AND PRELIMINARY SOLUTION 

In the usual way of calculating, Direct extrapolation with 
wavelength converters is often used, So it will be a little bit more 
complicated, The formulas are naturally more complex. So in 
this paper, we first analyze the absence of wavelength converter. 
Then analyze the network with Wavelength Conversion. 

To connect the two cases smoothly, this paper proposes a 
new method. By solving: The probability of k paths where the 
wavelength is a certain value (λ) and between two adjacent 
certain nodes (i, j) all being blocked (This variable are recorded 

as ( ) to solve the problem. 

In the following section we will try to find , use the 
method which combine the blocking probability get from the 
two different ways. 

A. Solution Method 1 

Firstly, we use the method assuming that there is a feasible 
wavelength to consider the solution of transmission success 
probability among nodes: 

Let’s start with the analysis the probability of using a certain 
wavelength (λ) to smoothly pass the link between all nodes, 

denote as  					 ஛ܲ ൌ ሺ1 െ  ௞ሻு                             (1)ܥ

 denote: Number of nodes that need to pass through 
for transmission. 

In this way, the probability that a signal cannot be 
transmitted smoothly over a certain wavelength which recorded 

as  can be solved. ܥ଴ ൌ 1 െ λܲ ൌ 1 െ ሺ1 െ  ௞ሻு                   (2)ܥ

So the probability that a signal cannot be transmitted 

smoothly over all wavelengths which recorded as  can be 
solved. That’s what we call the blocking probability  ܥଵ ൌ ሺ1—	 λܲሻ	ௐ ൌ 		 ሺ1 െ ሺ1 െ  ௐ           (3)	௞ሻுሻܥ
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W denote: the number of wavelength categories contained in 
each link. 

B. Solution Method 2 

And then we’ll do it other way, Look for a wavelength that 
can be used to transmit a signal across all nodes.  

First we introduce a set of random 
variables{ ଵܺ,	ܺଶ,	ܺଷ,...…..,	ܺு} To record the number of free 
wavelengths for H-segment transmission process formed by 
dividing the H+1 points passing through the transmission .At the 

same time introduce a new variable  to record the number of 
idle wavelengths in all processes. It’s not hard to see what the 

blocking probability ( ) is: ܥଵ ൌ ௥ܲ ൉ ሼܺ௠ ൌ 0ሽ                                  (4) 

Since our conclusion is relatively simple, it is difficult to 
think further. Therefore, Use the knowledge of probability 
theory [4] to expand it: ܥଵ ൌ ܲ	௥ሼܺ௠ ൌ 0	|ܺଵ ൌ ݉ଵ, ܺଶ ൌ ݉ଶ,ܺଷ ൌ ݉ଷ…..,ܺு ൌ݉ு}  ௥ܲ{	 ଵܺ=݉ଵ, ܺଶ=݉ଶ, ܺଷ=݉ଷ,....	ܺு=݉ு}     (5) 

Let’s consider one of the easier scenarios: { | =

, = }Know from the classical models of probability, 
The value of the operation is as follows when there is only one 
link between each node: 

௥ܲ{ܺ௠ ൌ ݊|	 ଵܺ=݉ଵ,ܺଶ=݉ଶ}=൫௠భ୬ ൯ ቀ೎ష೘మ೘భష೙ቁቀ ೎೘భቁ             (6) 

And we go on to think about, In cases where there is only 
one link between each node, The probability that the number of 
wavelengths available for a link is less than n. Result are as 
follows:  						 ௥ܲ{ܺ௠ ൏ ݊|	ܺଵ=݉ଵ, ܺଶ=݉ଶ} 

=∑ ௥ܲሼܺ௠ ൌ ݇|	 ଵܺ ൌ ݉ଵ, ܺଶ ൌ ݉ଶሽ௡ିଵ௞ୀ଴  																		ൌ ∑ ൫௠భ୬ ൯ ቀೈష೘మ೘భష೙ ቁቀ ೈ೘భቁ௡ିଵ௞ୀ଴                               (7) 

And then we can solve { | = , = }, In 
the case of k links between each node 

௥ܲ௞ሼܺ௠ ൌ ݊| ଵܺ ൌ ݉ଵ, ܺଶ ൌ ݉ଶ} 

								ൌ ∑ ൫௞௜൯ሺ൫௠భ୬ ൯ ቀೈష೘మ೘భష೙ ቁቀ ೈ೘భቁ ሻ௞ି௜௞ିଵ௜ୀ଴ ൉ ሺ∑ ൫௠భ୬ ൯ ቀೈష೘మ೘భష೙ ቁቀ ೈ೘భቁ௡ିଵ௞ୀ଴ ሻ௜    (8) 

							ൌ ሺ∑ ൫௠భ୬ ൯ ቀೈష೘మ೘భష೙ ቁቀ ೈ೘భቁ௡௞ୀ଴ ሻ௞െሺ∑ ൫௠భ୬ ൯ ቀೈష೘మ೘భష೙ ቁቀ ೈ೘భቁ௡ିଵ௞ୀ଴ ሻ௞           (9) 

Transformation from (8) to (9) use knowledge of binomial 
theorem. [5] 

W denote: the number of wavelength categories contained in 
each link. 

k denote: the number of links between two nodes. 

We find that the original formulas can be summed up as 
simple models. Result are as follows: ܥଵሺ ଵܺ=݉ଵ, ܺଶ=݉ଶ, ܺଷ=݉ଷ,....	ܺு=݉ுሻ ൌ ∑ ∑ ଵሺܥ ଵܺ ൌ k, ܺଶ ൌ ݉ு′ሻ	ௐ௠ಹᇱ௠ಹିଵ௞ୀ଴ * ௥ܲ{ܺ௠ ൌ݇|	 ଵܺ=݉ଵ,ܺଶ=݉ଶ,ܺଷ=݉ଷ,....	ܺுିଵ=݉ுିଵ}* ௥ܲ{	ܺு=݉ு′} (10) 

But there is still a problem, the solutions of { = } 

still don’t know. Let’s suppose that { } is independent. So we 

get it by Erlang formula  when there is only one link between 
each node. 

௥ܲ{	ܺு=݉ு′}=
λబೈష೘ௐି௠ಹᇱ ሺ∑ λబೖ௞!௞ୀ଴ ሻିଵ											(11) 

ൌ λబೈష೘௖ି௠ಹᇱ ݁λబ																										(12) 

Transformation from (11) to (12) use knowledge of series. [5] 

And we go on to think about, In cases where there is only 

one link between each node, the value of { < }. Result 
are as follows: 

௥ܲ{	ܺு<݉ு′}ൌ ∑ λబೈష೘ௐି௜ ݁λబ௠ಹᇲ ିଵ௜ୀ଴            (13) 

And then we can solve { = }, In the case of k links 
between each node 

௥ܲ{	ܺு=݉ு′} 

 =∑ ൫௞௜൯ሺ௞ିଵ௜ୀ଴ λబೈష೘௖ି௠ಹᇱ ݁λబሻ௞ି௜ሺ∑ λబೈష೘ௐି௜ ݁λబ௠ಹᇲ ିଵ௜ୀ଴ ሻ௜     (14) 

						ൌ ሺ൬λబೈష೘ௐି௠ಹᇱ ݁λబ൰ ൅						ሺ∑ λబೈష೘ௐି௜ ݁λబ௠ಹᇲ ିଵ௜ୀ଴ ሻሻ௞൫௞௞൯ሺ∑ λబೈష೘ௐି௜ ݁λబ௠ಹᇲ ିଵ௜ୀ଴ ሻ௞          (15) 

ሺ∑ λబೈష೘ௐି௜ ݁λబ௠ಹᇲ௜ୀ଴ ሻ௞െሺ∑ λబೈష೘ௐି௜ ݁λబ௠ಹᇲ ିଵ௜ୀ଴ ሻ௞       (16)

Transformation from (14) to (15 and (16) use knowledge of 
binomial theorem. [15] 

W denote: the number of wavelength categories contained in 
each link. 

m denote: the number of wavelength types remaining 
between all nodes 

This is a recursive formula and we need to solve it 
programmatically. The solution implementation program is 
given as follows(C programming language for example) 

(i) the data structure definition is implemented: 

typdef Node{ 
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int mark; 

int wave_number; 

}; 

Node list[H+1]; 

Initialize with {ܺଵ,	ܺଶ,	ܺଷ,...…..,	ܺு} 

(ii)Define the solve function of equation (6) 

int factorial(int n){ 

// This function is used to recursively solve the factorial 

if(n==1||n==0)return(1); 

else return(n*factorial(n-1)); 

} 

int combinatorial_number(int n ,int m){ 

// A function used to solve combinations Numbers൫୬௠൯ 
return (factorial(m)/ (factorial(n)* factorial(m-n))) 

} 

int p_rnm(int n,int m1,int m2){ 

// function that needs to be defined 

return(combinatorial_number( ,n)* 

combinatorial_number( , n)/ 

combinatorial_number(c, )) 

} 

(iii)Define the solve function of equation (9) 

/*Because function power() is used,we should include the 
headfile which is named math.h*/ 

double sum_p_rnm(int n,int m1,int m2,int k)// Define the 
sum function 

{ 

double sum=0; 

for(i=1,i>k,i++){ 

sum+=p_rnm(n,m1,m2); 

} 

return(sum) 

} 

double pr_knm(int n,int m1,int m2,int k)// function that 
needs to be defined 

{ return(power( sum_p_rnm(n, m1, m2, k),k)- 
power( sum_p_rnm(n, m1, m2, k-1),k) ); 

} 

(iv)Define the solve function of blocking probability 

int c_1(Node* list ,int list_length, int n){ 

/*The first parameter fills in the array name, 

The second parameter fills in the current array length, The 
third element fills in the final number of remaining wavelength 
species, The last parameter fills in the number of links between 
two adjacent nodes */ 

if(list_length==2)return(p_rnm(0,list[0].wave_number, 
list[0].wave_number)); 

else { 

int m=0; 

for(i=0,i<=list[list_length-1].wave_number,i++){ 

for(j=n,j<=c,j++){ 

m+= p_krnm(n, k,j,2)* c_1(list , list_length-1, k)* { =

} 

} 

} 

 }  

return(m); 

} 

C. Simultaneous Exploration 

Combine the results of the two methods  ሺ1—	ܲλሻ	௪= ሺ1 െ ሺ1 െ ௪	௞ሻுሻܥ ൌ   ଵ      (17)ݎܥ=ଵܥ

So we can figure out: 

=௞ܥ ට1 െ ඥݎܥଵೢಹ
                           (18) 

So we get expression of  

IV. EXPLORATION OF A LINK NETWORK WITH 

WAVELENGTH CONVERTERS. 

A. Model Assumes 

We assume that in all the D nodes there is nodes with 
wavelength converter. The Wavelength Conversion can only 
carry out partial wavelength conversion, We assume that the 

Wavelength Conversion can only convert  of W wavelength. 

B. Analyze the Blocking Probability  

Know from the classical models of probability, we can know 
the probability of H^’ nodes has Wavelength Conversion when 
there is H nodes in total:      

ுܲାଵுᇲ =
൬ ವషವᇲಹశభషಹᇲ൰൬ವᇲಹᇲ൰ቀ ವಹశభቁ                              (19) 

Know from the classical models of probability, we can know 
the probability of the last node happens to have a Wavelength 

Conversion when  nodes has Wavelength Conversion when 
there is H nodes in total: 
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ுܲାଵுᇲ’ ᇱ=ቀ ಹಹᇲషభቁ஺ಹశభషಹᇲಹశభషಹᇲ஺ಹᇲషభಹᇲషభቀಹశభಹᇲ ቁ஺ಹశభషಹᇲಹశభషಹᇲ஺ಹᇲಹᇲ                        (20) 

Get rid of the same term 

																																			 ுܲାଵுᇲ’ ᇱ=ቀ ಹಹᇲషభቁ஺ಹᇲషభಹᇲషభቀಹశభಹᇲ ቁ஺ಹᇲಹᇲ                              (21) 

Get rid of the same term after swap the number of 
permutations in 

ுܲାଵுᇲ’ ᇱ= ଵுାଵ                                 (22) 

We divided the block rate into two parts to think about: 

1. The blocking probability of the wavelength served by the 

Wavelength Conversion ( ) 

2. The blocking probability of the wavelength without the 

Wavelength Conversion serving it( ) 

So the final blocking probability is going to be ܥଶ= ுܲାଵுᇲ  ௕                               (23)ܥ௔ܥ

First, the link with the wavelength converter is analyzed, 

௔=ሺ1ܥ െ ுܲାଵுᇲ’ ᇱ)ሼ1 െ ሾ1 െ ሺܥ௄ሻ௪భሿுᇲሽ+ ுܲାଵுᇲ’ ᇱሼ1 െ ሾ1 െሺܥ௄ሻ௪భሿுᇲିଵሽ                           (24) 

Substitute the (22) into the (24) ܥ௔= ுுାଵ ሼ1 െ ሾ1 െ ሺܥ௄ሻ௪భሿுᇲሽ+ ଵுାଵ ሼ1 െ ሾ1 െ ሺܥ௄ሻ௪భሿுᇲିଵሽ 
(25)

Subsequent analysis of the blocking probability of the 
wavelength without a Wavelength Conversion: ܥ௕=ሾ1 െ（1 െ  ௄ሻ௪ି௪భሿுିுᇲ                (26)ܥ

combine (18), (25) and (26),can get blocking probability 

V. INSPECTION OF RESULTS 

A. Use the Program to Solve the Blocking Probability  

 (i)Continue the initialization on the basis of the previous 
variable initialization: 

int d=D;// Record the number of nodes 

int d_= ;// Record the number of nodes which have the 
Wavelength Conversion 

int w=w;// Record the number of types of wavelengths 

int w_= ;// Record the number of types of wavelengths 
which can change by the Wavelength Conversion 

 

(ii)Define the solve function of (18) 

/*Because function power() is used,we should include the 
headfile which is named math.h*/ 

doube c_k(int h,int k){ 

return(power(1-power(c_1(list,h,0,k),1/w),1/h)); 

} 

 (iii)Define the solve function of (19) 

double p_h_h+1(int h,int h_){ 

return(combinatorial_number(d-d_,h+1-h_)* 
combinatorial_number(d_,h_)/ combinatorial_number(d,h+1)) 

} 

(iv)Define the solve function of (25) 

doube c_a(int h,int h_, int k){ 

/*h Number of nodes passing through minus one 

h_ Number of nodes with Wavelength Conversion 

k The number of links between adjacent nodes*/ 

s1=power( 1-power(c_k(w,h,k),1/w_),1/h_); 

s2=power( 1-power(c_k(w,h,k),1/w_),1/(h_-1)); 

return((h/(h+1))*s1+(1/(h+1))*s2) 

} 

(v)Define the solve function of (26) 

doube c_b(int h,int h_, int k){ 

/*h Number of nodes passing through minus one 

h_ Number of nodes with Wavelength Conversion 

k The number of links between adjacent nodes*/ 

return( power(1-(1-power(c_k(w, h, k),1/(w-w_)),1/(h-h_))); 

} 

(6) So the blocking probability is: 

doube c_0(int h,int h_, int k){ 

return(c_k(h,k)* c_a(h, h_, k)* c_b(h, h_, k)); 

} 

B. Inspection 

 (i)Continue the initialization on the basis of the previous 
variable initialization: 

int k=k;// Used to store the number of links between two 
adjacent nodes 

(ii) the data structure definition is implemented: 

typdef node_r{ 

int mark; 

int h; 

int h_; 
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double result; 

}; 

node_r result[n];//the n which is in array should depends on 
the number of results 

(iii) Define a function that recursively solves the variance 

double variance(node_r* list,int n){ 

return (power(c_b(list[n-1].h, list[n-1].h_, k)-result, 2)+ 
variance(list, n-1)); 

} 

The test results are figure I:   

 

     

      
 

FIGURE I.  THE RESULT OF TWO TESTING EXPERIMENTS . 
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