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1. Introduction  

As the capacity of the system is finite, use of Binomial 

distribution follows arrival rate of the customers and service 

rate of server. The inter-arrival time of customers and service 

time of servers follows Uniform distribution. By using Binomial 

distribution the probability relation of number of customers in 

the system is derived. For the analysis of effective measures of 

the queuing system a relation of expected waiting time of a 

customer in the queue is derived by using Binomial distribution. 

Using this relation and Little‟s formula the other related 

performance measures are calculate and studied. Basic 

structure of finite queue multiple-server queuing model is given 

below Fig.1. 

 

 
Fig.1 Basic Structure of Finite Queue Multiple Server Queuing Model 

 

2. Methodology 

Let the capacity of the system be „M‟ and number of multiple servers be „n‟ for service. 

Let „ ‟be the average arrival rate of customers.  

Average inter-arrival time of customer =


1
 

Let „  ‟ be the average service rate of each server. 

  Average service time of a customer by each server =


1

 

Let the number of customers in the system be  
 

'' x .  Since there are „n‟ multiple servers in the queuing model, the mean service 

rate of server is classified in to two possible cases. 

Case-1: If the arriving customers are less than the number of servers )( nx   then, average service rate is x  . 
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Case-2: If the arriving customers exceeds or equal than the number of servers in the system )( nx   then, mean service rate 

is n . 

The utilization factor of servers can be calculated when all the servers are busy.  

 Utilization factor  





n
                                                                                                       (1)

  

 The queuing model is working on queue discipline FCFS. 

By using binomial distribution, probability of „x‟ customers arrived in time„t‟ is   
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This relation gives an assurance that the time required for the arrival of „M‟ number of customers is


M
t 0 .   

For the probability of served customers  

Case-1: For )( nx   

Probability of „x‟ customers served by the servers less than „n‟ in time„t‟ is 
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(3)                                                                  

 This relation gives an assurance that the service time required to serve the customers which are less than the available servers 

is
x

M
t 0 .  

Case-2: For )( nx 
 

 

Probability of „x‟ customers served by the „n‟ number of servers in time„t‟ is 

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(4)                                                                  

 
This relation gives an assurance that the service time required for „M‟ customers is

n

M
t 0 .  

3. Time Distribution of Finite Queue Multiple Server Queuing Model by Using Uniform Distribution 

 

3.1 For arrival of customers: 

By uniform distribution probability density function for continuous random variable„t‟ is bta
ab

tf 


 ,
1

)(  

         otherwise,0              (5)                                                                                        The cumulative distribution 

function of uniform distribution is 




t

dttftF )()(  
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t
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                                                                                               (6)

 For arrival time 

distribution, average inter-arrival time of customer is


1
and mean of uniform distribution is  

2
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Here time starts from 0t which gives 


2
0  ba
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Probability density function is






2
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2
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1
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 ttf                                                     (7)

                                             

 

 Hence probability distribution function is  
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Which gives the probability of another customer arriving in the next coming time„t‟ if a customer already arrived. 

 The time limit gives an assurance of 100% arrival of another customer in the next coming time


2
.  

 

3.2 For service time distribution of customers: 

Average service time a customer served by each server is


1

 

Probability density function is 






2
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 ttf                                             (9)                                     
 

 And cumulative distribution function is 



 2
0,

2
)(  t

t
tF

                                                                                                              

(10)  

Which gives the probability of another customer served in the next coming time„t‟ by each server if a customer already served. 

The time limit gives an assurance of 100% served another customer in the next coming time 


2
by each server.  

 

4. Relation of Probability for Number of Customers in the System 
 

System will have probability of containing „x‟ number of customers at time )( tt  is 

 )&(Pr)()( tindeparturezerotinarrivalzeroobtPttP xx  

 )&(Pr)(1 tindepartureonetinarrivalzeroobtPx 

 )&(Pr)(1 tindeparturezerotinarrivaloneobtPx 
 

                                                                         (Where t  is very small)  

 

 Case-1: For )( nx 
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 (From equations (2) & (3)) 

)()()()1()()( 11
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(11) 

 

Case-2: For )( Mxn 
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 (From equations (2) & (4))

 

On simplifying as mention in case-1, we get 
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(12) 

At steady state condition system is independent of time. Hence under the steady state condition   the recurrence relation of 

probability as 

Probability of  '' x  customer in the system is 
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Where (No customer for service) service stand idle  
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5. Waiting Time Distribution of a Customer in the Queue: 

As the queuing model is having „n‟ number of multiple server, arriving customer has to wait in the queue only if the number 

of customers is greater than the number of servers. When the arriving customer are less than the number of server , at least one of 

the server stand idle and is available for the next arriving customer . Therefore to find the waiting time of customer in the queue 

only case-2 is applicable.  

In steady state condition the waiting time distribution of each customer is same and a continuous random variable. Let ''T  be the 

time required by the servers to serve all the customers in the system. 

  Let )(tFT  be the probability distribution function of ''T  

 Where, 
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If a customer is arriving for service and there are already nx  customers present in the system then the arriving 

customer will get service after the completion of service of all the customers in the system. As the capacity of queue is M , arriving 

customer is allow to join the queue only if  )1( M  customers are there in the system and getting service after they all
 
are served 

.  

    Let )(tf x  be the probability density function of )1(  Mxn customers.  
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Probability of „n‟ customers under service by „n‟ servers during time t  = tn
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(From equations (4) & (14)) 
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                                                                                                    (From equation (17)

 

 

By diff w. r. to „t‟ we get probability density function of waiting time distribution  
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Now, time required to serve 1M   number of customers is 
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Hence expected waiting time of a customer waiting in the queue is given by 
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By using substitution
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By using this relation and Little‟s formula several others parameters of queuing model can be calculated. 

 

6. Little’s Formula: 

ss TN 
qq TN 

                                                                                                                   
)20(  

Where )1( Meff P  which is effective average arrival rate 

Where sN is expected number of customers in the system, qN is expected number of customers in the queue,   is effective 

average arrival rate of customer , sT  is the waiting time of customer in the system and qT  is the waiting time of customer in the 

queue.  

 

7. Performance Measures of Multiple Server Finite Queue Length Queuing Model:  

7.1Expected Waiting Time of a Customer in the System: 

Expected waiting time of a customer in the system is given by 

sT = Expected waiting time of customer in the queue+ service time of customer 

= 


1
qT

                                                                                                                                   

(21) 

 

7.2 Expected Number of Customers in the Queue: 

Number of customers in the queue is possible only when the arrival customers are greater than the number of server. 

Therefore we use here probability of case-2. 

By using Little‟s formula (20) we have 

Expected number of customers in the queue is given by 

qq TN    Where )1( MP 
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7.3 Expected Number of Customer in the System: 

The numbers of customers in the system are the customer under service and customers waiting in the queue. Again we 

use here probability of case-2  
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By using Little‟s formula (20) we have 

Expected number of customers in the system is given by 

ss TN    Where )1( MP   
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(23)      

 

7.4 Expected Waiting Time of a Customer in the Queue for Busy System: 

 Expected waiting time of a customer in the queue for busy system is given by  

busybeingsystemofob

T
T

q

b
.Pr


01 P

Tq




                                                                               

(24) 

 

7.5 Expected Number of Customers Served Per Busy Period:  

 Expected number of a customer served per busy period is given by  

 

busybeingsystemofob

N
N s

b
.Pr

 
01 P

N s


                                                                               

(25) 

    

8. Conclusion 

     An application of Binomial distribution and Uniform 

distribution gives the time assurance of particular number of 

customers arrived or departs. Uniform distribution gives the 

100% assurance of arrival another customer and 100% served 

another customer by server in the next particular time limit. The 

study of different parameters of the model takes place when 

model works under case-2 condition. Waiting time relation is 

used in the determination of other remaining parameters of the 

queuing model from equation (21) to (25). All the effective 

measures of the model help to study the strength of model.
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