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Abstract – In this study, the aim was to evaluate the 

effect of service distributions on system performance 

for the proposed voice and data model. For this 

purpose, the integrated voice and data system with a 

single buffer and a channel was considered and 

analysed using discrete event simulation. Mainly, four 

different distributions; exponential, normal, lognormal 

and weibull distributions were taken into account for 

service time, while packet arrivals followed a Poisson 

process. Simulation results revealed that service 

distribution has a great effect on system performance 

and weibull distribution fits well for the proposed 

model. 
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1. Introduction 
 

In network systems, the classification of service 

distribution is a significant requirement in service 

process for network administration, traffic 

engineering and customer experience. The number of 

wireless network users has been exponentially 

increased. This leads the increasing demand to 

provide seamless service, for not only voice but also 

data traffic. Therefore, along the service process, 

having different service characteristics affect the 
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service distribution that need to be taken into account 

in designing a new network. 

Call admission control, buffer management and 

scheduling algorithms are mainly challenging tasks 

discussed in traffic management [1]. These all have a 

great impact on system performance. However, a 

deep understanding and analysis for the statistical 

distribution of service time is highly required for the 

proposed models. 

There are four service distribution mainly 

discussed in previous works. These are basically 

exponential, normal, lognormal and weibull 

distributions. The service time in exponential 

distribution is independent of the amount of service 

time completed so far. If the service time elapsed is a 

sum of several independent service times, the normal 

distribution can be considered and effectively used to 

build up service time model for the integrated 

services. Log-normal distribution is appropriate for 

modeling the service time if and only if the service 

time is a product of several independent service 

times. On the other hand, Weibull distribution for the 

service time can be considered in designing the 

heavy tailed systems. 

The huge amount of demand to use integrated 

services leads bursty traffic which may not be 

possible to explain their service processes with a 

simple Markovian model. According to the authors in 

[2], arrival process can be modeled as a homogenous 

Poisson process, with a fixed rate, while the 

distribution of the packet service time cannot be 

considered as exponential. For real case systems, it 

may not be possible to derive exact solution for the 

proposed service distribution. This is due to the 

mathematical intractability of the complex system. 

While the theoretical point of view in designing the 

mathematical model shed a light to system 

developers, it is also required to obtain the realistic 

performance analysis according to the vendor’s 

perspective. Therefore, understanding data traffic 

statistics by analyzing real network traffic is 

important to network operators and other interested 

parties. 

Queueing and service policy for the integrated 

voice and data services are extensively used in 
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different ways in the literature. In most of them, 

guard channels are used to reserve different packet 

types [3-6]. According to the author's knowledge, 

this is the first study in the literature evaluating the 

effect of different service distributions on 

performance analysis for the integrated voice and 

data model, where a single buffer is considered 

instead of using reserved channels for different 

services to obtain the required quality of service 

(QoS). Therefore, this paper addresses the following 

two research questions. 

 

1. What impact do the traffic service distributions 

have on the performance of the proposed voice 

and data model? 

2. Which service distribution fits well with the 

proposed model in order to provide the desired 

QoSrequirements? 

 

To answer the questions raised above, discrete 

event simulation (DES) was developed and 

sensitivity analysis, for different service distributions 

were carried out to find the optimum performance 

results. The remaining parts of the paper were 

organised as follows: 

First, section 2 reviews the literature of most 

relevance to the research questions. Next, section 3 

explains the proposed model in detail. Section 4 

provides the simulation result. Section 5 summarises 

the study and section 6 discusses future research. 

 
2. Theoretical Background 

 

The most general selection for service time 

distribution, in mathematical model design, is based 

on the exponential assumption [7], [8]. Generally, the 

arrival process is assumed to be Poisson and service 

time is considered to be exponentially distributed [9], 

[10]. However network traffic today is self-similar 

and its processes can exhibit long-range dependency 

[11]. This results bursty traffic over a wide range of 

time scales. In some of the studies discussed below, 

the data obtained from the experimental analyses 

were compared with the data generated by the 

statistical distributions. This observation and analysis 

provided the recognition of the service time 

distribution under heavy traffic load for the proposed 

network models.  

According to the author in [12], exponential 

distribution for call holding time did not comply with 

the experimental data. Their findings showed that the 

log-normal distribution fitted well with the empirical 

data. In [13], lognormal distribution was considered 

for the service times in call centre. 

Experimental data taken form mobile operator was 

used to determine the optimum service distribution in 

[14]. According to the authors, the data obtained by 

the lognormal-3 function represented the 

experimental data, where it was the variation of 

lognormal function. 

Simulation model was developed to analyse the 

performance metrics in [15]. In this study, service 

times for the integrated services were assumed 

independent and identically distributed with general 

distribution. The impact of general distribution on the 

steady state probability distribution was evaluated in 

[16]. They showed that higher-order properties of the 

service time distribution affected the steady-state 

probability distribution in M/G/1.    

According to the experimental analysis done for 

VoIP systems, the speaking and silence periods 

performed a Weibull distribution unlike the previous 

studies [17], [18], where both periods followed an 

exponential distribution.  

 
 

3. The Proposed Model 
 

The proposed model, in Figure 1., offers a single 

buffer with a single channel instead of using reserved 

channels for different service types. The buffer is 

used for both voice and data packets and this 

provides optimum buffer threshold for integrated 

voice and data packets. The packets arrive to the 

system with mean arrival rates    and    for voice 

and data packets respectively. All the packets joined 

to the system are buffered in case the channel is not 

available. Buffer capacity is shown as   for voice 

packets, while it is    for data packets.    is equal to 

the maximum number of data packets, if there are 

some voice packets in the system, where      
  . Therefore,   is the total number of voice packets 

in the system, where        . 

 

 
 

Figure 1.  The single buffer and a channel model 

 

The state transition diagram for the integrated 

voice and data service model is given in Figure 2. 

The lateral transition occurs from the state (i,j) to the 

state (i+1,j), when the voice packet arrives to the 

system. There is a backward transition from the 

particular state, from (i,j) to (i-1,j), when the voice 

packet is served. On the other hand, a data packet 

arrives to the system with an upward transition from 

(i,j) to (i,j+1), and if there is no voice packet in the 

system, service is given to the data packet at front of 

the queue and there is a downward transition from 

(i,j) to (i,j-1). 
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Figure 2.  The single buffer and a channel model  

 

Let     (           ) be the steady-state 

probability that simultaneously there are i voice 

packets and j data packets including the ones being 

served in the system, the corresponding balance 

equations for the model proposed are given as below. 
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In Figure 3., service policy of the integrated voice 

and data services is demonstrated. In case, there are 

some packets waiting in the queue, the voice and data 

packets receive service in a preemptive fashion 

according to the First Come and First Serve (FCFS) 

fashion. Therefore, voice packets have a priority over 

data packets. Data packets can take service if and 

only if there is no voice packet waiting in the queue. 

 

 
Figure 3.Service flow for the integrated voice and data 

packets 

4. Simulation Results 

 

In this section, simulation results are presented. 

The results show the behavior of the distributions and 

their impact on the system performance for the 

proposed model. The parameters used in the 

simulations are given in Table 1. 
 

Table 1.  Summary of parameters used in simulation 

 

Parameter Value  

λv 0.22 packet/second  

λd 

µv           

0.24 packet/second 

[0.3-1] packet/second 

 

µd [0.3-1] packet/second  

Lv 

Ld 

16 

100 

 

S  1  

 

Figure 4. shows the effect of    on the     for 

different distributions for service time. All 

distributions have a similar trend, and there is a 

decrease in      as    increases. Lognormal 

distribution has a reasonable effect on     , which 

reduced the      up to 0.081, when     . The 

     results for exponential distribution are greater 

than other distribution for various   values. On the 

other hand, the normal and weibull distributions have 

almost same results for     . For all distributions, 

increasing    values further than 1 do not affect the 

system performance anymore.  

 

 
Figure 4.       as a function of    

 

     is shown in Figure 5. for different 

distributions as    increases. It is clear that, 

increasing    reduces the voice traffic load, where 

     values decrease.      does not change for 

various    values for lognormal distribution, while 

there is a sharp decrease in      values for weibull 

distribution, when       . 
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Figure 5.       as a function of    

 

Figure 6. demonstrates     for different 

distributions, but this time as    increases. For all 

distributions, there is an increase in     as    

increases. However,     values for lognormal 

distributions are significantly greater than other 

distributions for various    values.  

 

 
Figure 6.     as a function of    

 

Figure 7. shows     for different distributions as 

   increases.     decreases when    increases for 

exponential, normal and weibull distributions, even 

for Lognormal distribution which provides a small 

amount of change for it. For weibull distribution, 

    values are in the acceptable range (        ) 
for all    values greater than 0.7. Normal and 

Exponential distributions satisfy this condition 

when      . 

 

 
 

Figure 7.    as a function of    

 
5. Conclusion 

 

In this paper, performance metrics of the proposed 

integrated system were analysed based on different 

distributions of service time. According to the result 

obtained, lognormal distribution has a significant 

impact on      for voice traffic service time. 

However, its effect on     is not in reasonable range 

since the number of data packets blocked are over the 

expected value. A deep analysis was carried out and 

it was found that weibull distribution fits well for the 

proposed integrated voice and data model.  

 

6. Further Work 

 

A more detailed literature survey will be carried 

out and the effect of service distribution, considering 

mobility issues, on system performance will be 

discussed. 
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