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Abstract
In cellular network a region is divided into a number of geographical 
areas called cells. The base station has to be configured to enable 
the flow of data among mobile users. Packets arriving at a base 
station are many fold, which are classified as high-priority and low-
priority packets. In order to give preference to the high-priority 
packets, M/G/1 model based on queuing theory is employed. 
M/G/1 model is a more general class of resource sharing system. 
It can be generalized such that packets in a queue can belong to 
one of K priority classes. In the queuing system some packets 
get preferential treatment are called priority queuing systems. In 
this paper we consider two priority classes in an M/G/1 queue. 
M/G/1 queuing model represents the behaviour of the priority 
queuing system with pre-emption in processing the packets. When 
a high-priority packet arrives at the system while a low-priority 
packet is being in service, the high-priority packet will be served 
immediately and the low priority packet is pre-empted and go to 
the head of the queue of its class. In order to achieve best quality 
of service certain important parameters have to be analyzed. So, 
we analyze the mean time in the queue, mean time in the system 
and how the high priority packets are processed with minimum 
delay.
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I. Introduction
A typical configuration of a composite system consisting of ground 
network and mobile network that are connected through a base 
station is shown in fig. 1. Packets arrive at the ground station are 
resolved into high-priority and low-priority packets. High-priority 
packets are sent through the base-station while low-priority packets 
are pre-empted. Typically, the packet-switching networks [1] are 
designed to support various real-time applications. The main 
function of the network is to transfer the packets received from 
different users originating from variety of applications. 

Fig. 1: Mobile Computing Reference Architecture

The network uses the connectionless packet-switching method 
[1,7], each packet is routed independently through the network. 
The header in the packet provides all the information required 
to route the packet to its destination. When a packet arrives at 
a packet switch, the destination address in the header is verified 
to find the next hop in the path to the destination. The packet is 
then placed in a queue to wait until the route becomes available. 
A switch in the network can be a node where multiplexed packets 
arrive and they are routed onto outgoing lines. Thus the packet, 
traversing a sequence of multiplexers and transmission links. The 
performance of a packet [1] can be calculated as the sum of the 
delays experienced at each multiplexer. Therefore, the average 
end-to-end delay is the sum of the individual average delays. 
Packet loss occurs when a packet arrives at a multiplexer that has 
no more buffers available.
In the queuing systems some packets get preferential treatment 
are called priority queuing [2, 6] systems. In the simplest queue , 
in which there is no priority is the first-come-first-served system. 
In the priority queuing [2,6], the packets are divided into priority 
classes, numbered 1 to K. We assume, that the lower the priority 
class number, the higher the priority; that is packets in priority class 
i are given preference over packets in priority class j if i < j. In 
pre-emptive priority queuing system [3-4,6], service is interrupted 
and the newly arrived packet begins service. The packet whose 
service was interrupted returns to the head of the jth class. And 
further , in a pre-emptive-resume priority queuing system [3-4,6], 
the packet whose service was interrupted begins service at the 
point of interruption.
The Internet Protocol(IP) is used for the connectionless transfer 
of packets in the network. The main purpose of IP is to provide 
communications across different networks. Traffic management in 
the network is concerned with the delivery of Quality of Service 
to specific packet flows. Traffic management involves some 
mechanisms for managing the flows in a network to control the 
load in the links and switches. Traffic management also involves 
the setting of priority[4] and scheduling mechanisms at switches, 
routers, and multiplexers to provide preferential treatment for 
packets. 
IETF has introduced another service model call the Differentiated 
Services(DS) model [7]. If a user wants to receive different 
service levels for different packets, it needs to mark its packets 
by assigning specific values in the Type-of-Service (TOS) field 
(call as DS field). Packet marking may be done at a host or at a 
user’s access router. In the DS model, different values in the DS 
field correspond to different packet-forwarding treatments at each 
router, called the Per Hop Behaviours (PHBs). A DS-capable node 
uses a classifier to select packets based on the value of the DS 
field and uses buffer management and scheduling mechanisms to 
deliver the specific PHB based on the selection result. The value 
of the DS field is set at network boundaries. 
The main aim of this paper is to analyze a pre-emptive priority 
discipline, which may be applicable to process the packets in the 
network. This idea was first introduced by Avi-Itzhak [2]. In their 
scheme, the pre-emptive and non-pre-emptive priority disciplines 
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are combined by using the discretion rule for pre-emption based 
on the elapsed service time of the low-priority job. They called 
the discretion scheme the discretionary queuing, and analyzed it 
for a limited case of an M/D/l system with two classes of jobs by 
using the basic queuing theory. Later, Jaiswal [3] has analyzed the 
discretionary priority queuing for an M/G/1 system having two 
classes of jobs by using the supplementary variable technique. 
The model in this work includes the priority queuing with pre-
emption analyzed by Avi-Itzhak [2] and Jaiswal [6]. 

II. Definition of Random Variables and Notations
We consider a packet with high priority tag, whose progress in 
the system is monitored. We call this as class 1 type of packets. 
The rate of the Poisson arrival process be λ and following random 
variables be defined as :
Ws = Expected Packet Service Time
Wj = Mean time in the system for each class
Wqj = The mean time in the queue for each class
Lqj = The mean number of packets in queue j
Lj = The mean number in each class in the system 
W = The mean over all packet time in the system 
Wq = The overall mean queuing time
Lq = The mean number of packets of all classes queuing for 
services and
L = λW in the system

III. Model Description
There are n classes [7-8]. Class 1 packets receive the most 
favourable treatment; class n packets receive the least favourable 
treatment. Packets from class i arrive in a Poisson pattern with 
mean arrival rate λi, i=1,2,. . . ,n. Each class has its own general 
service time with E[Si] 1 / μi, and finite second and third moments 
E[S2

i], E[S3
i] [7-8]. The priority system is pre-emptive resume, 

which means that if a packet of class j is receiving service when 
a packet of class I < j arrives, the arriving packet pre-empts the 
server and the packet which was pre-empted returns to the head 
of the line for class j packets. The pre-empted packet resumes 
service at the point of interruption upon re-entering the service 
facility. The total arrival stream to the system has a Poisson arrival 
pattern with

                             (1)
The first three moments of service time are given by

                        (2)

               (3)
and

              (4)  
In order to serve jobs of a given class, the server must visit the 
corresponding queue, incurring a changeover time for moving 
there from the last queue visited. After visiting the queue i the 
server moves to the jth queue, It incurs a random changeover time 
having a general distribution with mean and second moment.

      (5)
And note that
an = a = λ Ws                (6)
The mean time in the system for each class is

             (7)

a0 = 0, j=1,2,. . . . .n.
The above formula shows that a packet with the highest priority 
(class 1 packet) is unaffected by packets of other classes. For j 
= 1 reduces to Pollaczek’s[5,6] formula for an M/G/1 queuing 
system[5,6,7,8] with λ = λ1, Ws = E[s1], and E[s2] = E[s21]. And 
the formula shows that class 2 packets are affected only by class 
1 and class 2 packets. The probability that a class j packet service 
is in progress (either a class j is in service or is pre-empted) is 
just the fraction of time such a job is in the system, or one class j 
packet, can be in service or pre-empted at a time. The time spends 
in the system for a class i job in a pre-emptive resume system is 
the waiting time plus the completion (not execution) time.
The corresponding mean time in the queue is 
Wqj = E[wj] – E[sj], j = 1,2,. . . . ,n              (8)
The mean number of packets in queue j is
Lqj = λjWqj, j = 1,2, . . . . ,n              (9)
The overall mean queuing time, Wq, is given by

           (10)
The mean number in each packet class in the system is 
Lj= λjWj, j = 1,2,. . . . n             (11)
The mean overall packet time in the system is

          (12)
The mean number of packets of all classes queuing for service 
is 
Lq = λWq              (13)
And in the system is
L = λw                (14)
The approach gives an M/G/1 queue[5-8] with multiple poisson 
arrival streams with different priorities. Here we consider two 
different streams, 1 and 2 having rates λ1 and λ2 respectively. 
The class 1 has higher , non-pre-emptive priority than class 2 and 
the queuing discipline is First-Come-First-Served (FCFS) within 
classes. The class 1 arrivals join the queue at the head, ahead of 
all the class 2 packets and behind all the class 1 packets already 
there. Class 2 packets join FCFS at the tail. Higher priority packets 
as they are the only packet class, so they straightaway go to the 
head of all queuing low priority packets. However, there is no 
pre-emption, the packet is in service may be low priority packets, 
whereas no high priority packet already in the queue. When a 
packet arrives, may encounter an empty queue with probability 
1 – ρ where ρ = λ / μ, and the queuing time is zero with probability 
is one.

IV. Numerical Examples
We give some numerical examples and consider practical 
applications of the priority discipline with pre-emption. When 
a constant service time of each class is considered, there is 
no difference between the Non-pre-emptive and pre-emptive 
schemes. 
Consider the following input values 
Packet mean arrival rate of class 1 λ1 = 12 / sec.
Packet mean arrival rate of class 2 λ2 = 1.5 / sec.
Exponential service time of class Es1=0.03/ sec.
Exponential service time of class2 Es2=0.09/ sec.
The calculations for this model are made using the C program
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Table 1. Parameters’ values of Priority with Pre-emption Model

Parameter Definition Values

λ Mean arrival rate of Packets 
into the system 13.5 / secs.

Ws Expected Packet Service 
Time 0.036 secs.

E[S2] Second moment of Service 
Time 0.001 seconds2

W1 Mean time in the system for 
class 1 packet 0.033 secs.

W2 Mean time in the system for 
class 2 packet 0.176 secs.

Wq1 Mean time in the queue for 
Class 1 0.003 secs.

Wq2 Mean time in the queue for 
Class 2 0.086 secs.

Lq1 Mean number of packets in 
Class 1 queue 0.041 

Lq2 Mean number of packets in 
Class 2 queue 0.129

L1 Mean number of class 1 
packets in the system 0.401 

L2 Mean number of class 2 
packets in the system 0.264 

W Mean overall packet time 
spends in the system 0.049 secs.

Wq The overall Mean Queuing 
time 0.012 secs.

L Mean number of packets of 
all classes in the system 0.665 

Lq
Mean number of packets 
of all classes Queuing for 
services 

0.170 

V. Analysis of Waiting Time in the Queue and in the 
System
We have the parameters most commonly used to measure the 
performance of a queuing system W, Wq, L and Lq. In this system 
the queue capacity is assumed to be infinite, that is every arriving 
packet is allowed to wait until service can be provided. If a packet 
arrives when n packets already in the system, then this arrival 
has to wait through n exponential service times. This is known 
as conditional waiting time in the queue. The W (Mean overall 
packet time spends in the system) is 0.101 and the Wq (Overall 
Mean Queuing Time) is 0.25 is completely reduced in this model. 
And Wq1, W1 ( Mean Time of Class 1 packet in the queue and 
in the system) is 0.0086 and 0.0386. So, it is clear that the class 1 
packet will not suffer delay. In addition, average number of class 
1 packets in the queue and in the system is 0.103, 0.463. At the 
same time, average number of class 2 packets in the queue and 
in the system is 0.765, 0.900. The mean delay of the low-priority 
packet could be reduced while satisfying the delay requirement 
of the high-priority packets.

VI. Conclusion
We have given a model for finding the waiting time in the system 
and in the queue for both High and Low priority packets. The 
dependency between random variables is extended to priority 

queue with pre-emption. The priority queues with pre-emption can 
be generalized to the case where different classes have different 
service time distributions. We believe that the results presented 
above support the performance of M/G/1 priority queuing model 
with pre-emption. 
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