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The paper presents an investigation of the quality of service of IP traffic flows, using different 

queueing disciplines. The main goal is to model the possibility of using a priority scheme, which is 

optimal for both the priority and non-priority served traffic flows. In case of priority queues, the model 

covers both cases: preemptive and non-preemptive services. Another schema is modeled, in which the 

preemptiveness might occur with a predefined or dynamically changed probability. A software 

platform to simulate the traffic flows and the store-and-forward service is created. Arriving process is 

modeled by exponential or Pareto distribution. The results show the possibility to use such p-

preemptive serving in case of different IP traffic flows. The packet length is modeled with a fixed size, 

random value with exponential distribution, and bimodal distribution. The model is with infinite queue 

length and results are given for the packet mean waiting time for both traffic flows – low and high 

priority. 
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1. Introduction 
Recent IP based networks require different quality 

of service (QoS). This is based on the fact that these 
networks provide different applications, which need 
their specific QoS parameters. From the very begin-
ning of the Internet, the infrastructure and the proto-
cols are prepared to be shared by the different applica-
tions with their specific needs. Through the years the 
IP networks evolved in order to provide the desired 
QoS in different manner. The common technique is 

priority serving. Any violation of the natural way of 
service, namely on a first-come, first-served basis 
might be considered as priority activation. In priority 
systems, the customers with higher priority are chosen 
for service ahead of those with lower priority no mater 
of their arrival time. On the level of IP packets, the 
protocols and the hardware provide non-preemptive 
priority. Preemptive priority techniques are used in IP 
networks, but on other layers of the traffic [1]. For 
example, in the MPLS networks, preemptive priorities 
are used on a call-setup level [2], 4G also assumes that 
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there might be traffic flows which might interrupt 
(preempt) the current flows served in order to provide 
the desired QoS. Some techniques which provide Cir-
cuit Emulation Services – CES, using preemptive 
priority are known [3]. As the nature of the IP devices 
changes, it is important to be able to evaluate the pos-
sibilities of using the preemptive priority on the IP 
level and to try new priority techniques on this level. 
Because of the variety of traffic sources and the totally 
different traffic characteristics it is not so easy to ob-
tain results. That is the reason to use the simulation 
modeling and to present some results and ideas in this 
paper.  

The paper is organized in three sections, introduc-
tion and conclusion. The first section presents traffic 
priorities analysis in IP networks. The simulation 
model is shown in section two. Third section demon-
strates analysis of the main results from traffic mod-
els. The paper concludes with comments on the im-
pact of priority application and future work plan.  

2. IP traffic flows priority 
If we consider preemptive priority, the packets 

with this priority level are served immediately, inter-
rupting the current lower priority packet (if any) [4]. 
Because of the nature of the Internet Protocol and the 
organization of the other TCP/IP related protocols, it 
is possible to implement this preemptive priority, i.e. 
interrupting the transmission (servicing) of the current 
packet and starting of the transmission of another high 
priority packet. This technique may be used also on 
lower layers like MPLS or LAN/Ethernet. With all 
these technologies, it is not possible to continue the 
transmission of the interrupted packet / frame after the 
completion of the higher priority one. The interrupted 
packet shall be retransmitted, or simply lost. Thus we 
can provide a minimum delay for the high priority 
service, but lower priority flows suffer significant 
delays or loses.  

We propose here to implement the preemption, i.e. 
interruption of the lower priority flow, to occur with 
certain probability. This would give the chance to 
serve the high priority packet with less delay, and to 
shorten the service time for the lower priority packets.  

Due to the increase of streaming and messaging 
services in Internet it is very important to use proper 
model for the simulated traffic flows [5]. Exponential 
distribution of the duration between the arrival mo-
ments (interarrival time) is used in classical teletraffic 
systems. Also exponential distribution of the service 
time is often used for some services. This is not a 
good model for all IP traffic flows, but is good in 
order to obtain reference results and to verify the 

model and the simulation techniques used. If we look 
closely on the IP packets, the Internet is full of 
applications, which use the maximum allowed packet 
length like file transfer, electronic mail, updates, 
backups. Also a lot of applications use the same 
packet length for all the packets in the session like 
some of the VoIP codecs. This allows us to model the 
service time with fixed packet size too. Much more 
precise and close to the reality is the model with 
bimodal distribution of the service time. We can 
assume the existence of packets with their maximum 
length, and the shortest possible packets for TCP flow 
control [6] like acknowledgements. Pareto distribution 
is proven to be more accurate for the interarrival 
process modelling. The results here also can be used 
to compare the influence of the distribution on the 
performance parameters of the channels. In such way, 
we can prove the usage of the different priority 
scheme. 

3. Simulation model 
The simulation is used to obtain some results and 

to compare the results with different interarrival and 
service time distribution. The arrival process in a sin-
gle server queue is modeled with both distributions – 
exponential and Pareto, i.e. M/M/1/∞/p, M/D/1/∞/p, 
M/MM/1/∞/p, Pareto/M/1/∞/p, Pareto /D/1/∞/p, Pare-
to /MM/1/∞/p teletraffic systems according to Ken-
dall’s notation. The service time (packet length) is 
modeled as a random value with exponential distribu-
tion, as a fixed value or as bimodal distribution with 
different probability for the short and long size 
packets.  

Two traffic flows are modeled – Fig. 1. One of 
them, assuming to be the main traffic flow, is 
considered to be “low priority”, i.e. general Internet 
traffic, providing different multimedia or data 
services. The second one, “high priority” flow, is 
assumed to be something that needs to be served with 
minimum delay.  
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Fig.1. Priority queue model. 

We assume the system to be loaded at about 80% 
of its capacity (A in all figures) – in such case we 
avoid overloading but still evaluate and expect 
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significant result of applying the priority schema. 
Among all possible combination of traffic flows, we 
assume that for the low priority flow Pareto arrival 
process and bimodal departure process are enough to 
cover the Internet traffic behavior. For the high 
priority flow, we consider exponential and Pareto 
distributed inter-arrival times and fixed or bimodal 
distributed packet size.  

The service of the high priority flow is modeled as 
non-preemptive, preemptive, and p-preemptive – in-
terrupting the current low priority packet (if any) with 
a certain probability. p = 0 covers the case with non-
preemptive priority, p = 1 is the case with preemptive 
priority. Other values between 0 and 1 cover the new 
suggested p-preemptive priority discipline.  

Simulation software is written as a C++ applica-
tion. Thus we can model exactly the store-and-
forward process in nowadays IP nodes. The simula-
tion is performed with a series of 20000 packets. First 
20% of the simulated packets are used to put the mod-
el in a stationary state and avoid the errors from the 
initial process. The presented simulation results in this 
paper show the mean waiting time with acceptable 
precision because of the high number of generated 
packets. 

4. Simulation results 
An example results are shown on Fig.2. Two traf-

fic flows are modeled. High priority traffic is modeled 
as about 20% of the total load. Packet interarrival 
times are exponentially distributed random values. For 
the results on Fig.2 we assume exponential distribu-
tion of the packet lengths. Results with other distribu-
tions are given later. The figure shows the expected 
waiting time W, measured in milliseconds [ms]. The 
results are “normalized” based on the standard IP 
packets and a line with 2 Mbps capacity. The two 
lines show the mean waiting time for the high priority 
traffic flow (Fig. 2a) for a total load of A=0.72 Erl, 
resp. A=0.82 Erl in function of the probability for the 
preemptive service p. The expected waiting time for 
the same total traffic load for the low priority packets 
is shown on Fig. 2b. Those results are truncated to 
reasonable values.  

Using the same traffic flows with no priority the 
corresponding values are 10.6 ms and 20.9 ms for the 
“high” priority flow and two values of the total traffic, 
and 13.8 и 25.1 ms for the “low” priority traffic flow. 
Although we use a no priority scheme, the parameters 
of the two traffic flows are different: mean packet 
length of 200 bytes for the “high” priority and 1000 
bytes for the “low” priority flow. These values are 
chosen for convenience to compare the results from 

this model with the results from the next two models. 
These simulation models are the exact store-and-

forward serving of the packets. Thus if we have a 
certain distribution of the interarrival times of the 
packets, these packets are ready to be served not on 
their arrival, but on the time of their complete store, 
which also depends on the distribution of the packet 
lengths. These packet lengths move, or add an offset 
to the arrival time for the purpose of the model of the 
serving device. In some cases like Wi-Fi interface the 
protocol adds also additional delay in packet 
processing depending on the configuration and load of 
the interface.  

As explained, the priority system results significant 
decrease of the packets’ mean waiting time with 
exponential distributed interarrival times and packets 
size as shown in Fig. 2a. First, it is true for the high 
priority traffic flow. The priority system results in 
significant increase of the mean waiting times when it 
concerns the low priority flows shown in Fig. 2b. 
Those results are obtained with parameters of the 
model which are more convenient to be directly 
compared. 

  

  
Fig.2a. Mean waiting time for high priority traffic in 

M/M/1/∞/p teletraffic system. 

 
Fig.2b. Mean waiting time for low priority traffic in 

M/M/1/∞/p teletraffic system. 

20 “Е+Е”, 1-2/2016



The same parameters of the traffic flows and the 
service are used to model the same priority discipline, 
but using fixed packet lengths 200 and 1000 bytes 
instead of randomly distributed exponential length, i.e. 
M/D/1/∞/p teletraffic system. The results are shown in 
Fig. 3a and Fig. 3b respectively for the two traffic 
flows. The model without priorities gives 4.34 ms and 
4.54 ms for a total traffic load of 0.72 Erl, and 11.3 ms 
and 13.0 ms with a A=0.82 Erl for both flows. 

  

 
Fig.3a. Mean waiting time for high priority traffic in 

M/D/1/∞/p teletraffic system. 

 
Fig.3b. – Mean waiting time for low priority traffic in 

M/D/1/∞/p teletraffic system. 

As we mentioned in the beginning real Internet 
traffic is more closely to a bimodal distribution of the 
packet lengths. So more precise results are shown in 
Fig. 4 for M/MM/1/∞/p teletraffic system with the 
same exponential distribution of the arrival packets 
and bimodal distribution of packet lengths – 48 bytes 
for short packets and 1500 bytes for long packets. It is 
closer to real internet traffic. Again the probability of 
the preemptive service is in the same range from 0 to 
1. Without priorities, the mean waiting times are 8.73 
ms and 13.23 ms for the high priority flow and 9.74 
and 14.9 ms for the low priority flow. Here we assume 
that we may expect long packets in the high priority 

flow also, for example as in the real TCP traffic. Thus 
we see slightly higher values for the high priority flow 
compared to the previous model. From the results we 
see that the mean waiting time is not so “sensitive”, 
i.e. it changes more smoothly with the change of the 
probability of the pre-emptive serving of the high 
priority flow. 

Common nowadays IP traffic is most closely 
modeled as a generalized Pareto distribution of the 
interarrival times of the packets. Bi-modal distribution 
of the packet lengths is also close to real assumptions. 
For the following results we use 50% of the packets to 
be short (64 bytes) and the remaining to be long (1500 
bytes). In this environment we want to evaluate what 
is the influence and what is the possibility to serve 
“high” priority traffic, using pre-emptive queue with 
probability of this pre-emptiveness.  

 

  
Fig.4a. – Mean waiting time for high priority traffic in 

M/MM/1/∞/p teletraffic system 

 
Fig.4b. – Mean waiting time for low priority traffic in 

M/MM/1/∞/p teletraffic system 

We model three different cases for priority 
queueing. The first case is exponential distribution of 
the packets, but fixed packet length of 200 bytes, i.e. 
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M/D/1/∞/p teletraffic system. Such scenario might be 
close to devices, which need to transmit vital 
information using UDP packets, and expects almost 
no delays in the queues. The second case uses the 
same packet lengths, but interarrival times of the 
packets are modeled with Pareto distribution, i.e. 
Pareto/D/1/∞/p teletraffic system. In the third case we 
use again Pareto distribution for the arriving process, 
but the packet lengths are modeled as bi-modal 
distribution with the two values – 64 and 1500 bytes 
with 0.5 probability, i.e. Pareto/MM/1/∞/p teletraffic 
system. The selected teletraffic systems are applied 
for the high priority traffic. The low priority traffic is 
modelled using M/D/1/∞/p teletraffic system in all 
three cases.  

All the results are obtained with a model with high 
priority traffic equal to 25% of the total load. Traffic 
load is changed by changing only the rate of the 
packets with the distribution and packet lengths that 
we already explained. The results show again the 
mean waiting time, normalized in ms, but with four 
different values of the total traffic A: 0.63, 0.72, 0.8 
and 0.88 Erl. First we show the results for the high 
priority traffic in Fig. 5a with exponential interarrival 
process and fixed packet length of 200 bytes, in 
Fig. 5b with Pareto interarrival process and the same 
fixed packet lengths, and in Fig. 5c with Pareto 
interarrival process and bi-modal packet length 
distribution. We see different behavior in the last case 
as we have long packets for the bi-modal distribution. 

The mean waiting time without priority is also 
evaluated but is not shown here, as the purpose of the 
results is to compare and to evaluate the possibility to 
use different probability of pre-emptivness. 

 

 
Fig.5a. – Mean waiting time for high priority traffic with 

exponential interarrival process and fixed packet length. 

 
Fig.5b. – Mean waiting time for high priority traffic with 

Pareto interarrival process and fixed packet length. 

 
Fig.5c. – Mean waiting time for high priority traffic with 

Pareto interarrival process and bi-modal packet lengths. 

As a separate graph in Fig. 6 we show the mean 
waiting time for the low priority traffic flow. The 
parameters of the low priority traffic flow are the 
same in all three cases, but the high priority flow is 
different, that’s why on the figures we notate the 
parameters of the high priority flow, which makes the 
service of the low priority flow different. 

 

 
Fig.6a. – Mean waiting time for low priority traffic with 

exponential interarrival process and fixed packet length. 
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Fig.6b. – Mean waiting time for low priority traffic with 

exponential interarrival process and fixed packet length. 

 
Fig.6c. – Mean waiting time for low priority traffic with 

exponential interarrival process and fixed packet length 

when the high priority traffic is with Pareto interarrival 

process and bi-modal packet length. 

Conclusion 
This paper presents an investigation of the quality 

of service of IP traffic flows, using different queuing 
discipline. We modeled two priority schemas – 
preemptive and non-preemptive priority, and we 
propose a new priority schema – preemptive for the 
low priority flows with a probability, named here  
p-preemtive priority. Exact store-and-forward IP 
packet service is modeled. Different IP packet 
distribution is modeled to compare the behavior of 
such system. Packets interarrival process analyzed 
uses exponential distribution or Pareto distribution. 
Packet lengths are modeled using exponential 
distribution, fixed packet length and bi-modal 
distribution.  

The results show the area in which the proposed 
priority service might be applicable. Also the results 
show the influence of the packet distribution over the 
mean time delay in different cases. Thus we may 
conclude that such p-probability for the pre-emptive 

priority is applicable, but should be used carefully for 
the specific type of high priority applications and 
packet distributions due to the high delays in low 
priority flows. The aim of the authors is to continue 
analysis of the complex teletraffic systems with p-
preemption using simulation due to the high 
theoretical complexity of the problem [8].  
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