Journal of the Nigerian Association of Mathematical Physics
Volume 10(November 2006453 - 456
© J of NAMP

Effect of queue discipline on the performance of a queueing system

S, A. Ojoborand S. E. Omosigho
!Department of Mathematics and Computer Science, Delta State University, Abraka, Nigeria.
e-mail: ojoborsun@yahoo.com
“Department of M athematics, University of Benin, Benin City, Nigeria.

Abstract

The effect of three queue discipline namely first in, first out
(FIFO), last in first out (LIFO) and service in random order (SIRO) on
some measures of performance of a single sever queue are examined. The
measur es of performance are average waiting time and queuing time. The
comparison of the systems were carried out by writing an appropriate
program in BASIC to simulate the queue discipline. This is due to the
versatile nature of simulation and the fact that it is extremely difficult to
obtain numerical results mathematically for the single server queue when
the queue discipline is not FIFO and the arrival process is non-stationary.
The approach adopted is to generate arrival time and service times for n
customers through a single sever queuing system under each queue
discipline. The measures of performance were calculated for each system
using appropriate expressions. The result show that the average queuing
time and average waiting time are higher when the queue discipline is
LIFO, whereasthetotal idle time for all the systems were found to be same
in most cases.
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1.0 I ntroduction

In a single queuing system, there is only one se@astomers arrive at a service point and if #nes is
busy on the customer’s that is in the system, #h& oustomer joins the queue. When there is a qotuaiting
customers, then the server has to decide whiclomestto serve next whenever he is free. Queueptdiiseiis the
rule for deciding which customers is selected fenvige out of all those waiting for service. Therroon queue
disciplines are First In, First out (FIFO), Lastliast out (LIFO), and service in random order (S)R@ FIFO
customers are served in order of arrival; in LIFEDstomers are served in reverse order of arrivalSIRO,
customers are served at random, i.e. customerigéitlr service have equal probabilities to be sdrmext in some
cases, we may have a priority system i.e. Pri@®iyvice (PS). There are two main types of priasitgtems viz:
pre-emptive priority. In a pre-emptive priority $81, a high priority customer takes immediate pdecee on
arrival over a customer of low priority. The cusemwhose service is interrupted can only returitht® service
point only when there are no higher priority custosnin the system. In non pre-emptive priority sgsta customer
receiving service must complete his service beleaging the system. But once a server is freeathmission of a
customer with lower priority is considered.

Several methods have been used to discuss quetiplidess. Neuts (1981) used a numerical method to
calculate the performance measures of single sgneue disciplines. Omosigho and Worthington (19887) had
to use the discrete time queuing model to studgithgle server queue
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with non-stationary arrival process. Li (1997) usedapproximation method for the analysis of GABd(first G

mean general arrival, the second G general seandel number of servers in the system)queues . @moand
Samuel(2003) used computer simulation to studyeffect of FIFO and LIFO on the mean queueing andinga
time taking a sample of 100 customer. This papesiders the extension of Omosigho and Samuel (20085 to

finite capacity n, and by comparing their work w8HRO single server queueing systems with nonestaty arrival
process. Not that Omosigho and Samuel (2003hdidjeneralize their approach to take n custonvghsch mean
that for you to sample 200, 300, and so on you neadmodel their system again. Hence in this papergave a
general system that take n customers. That is givarstomers the model will be able to providegbgormance of
the system.

Most queueing problems are complex in nature, hag are difficult to handle using analytic methols.
these cases an event driven computer simulationsae. An event-driven computer simulation is anav/hich the
state of the simulated system is updated from és@ate event to the next. An event is definedrasaccurrence
that changes the state of the system or will affeeistate of the system at some time in the future

In this paper, we shall formulate an event-drivemputer simulation to examine the effect of FIFGFQ
and SIRO on the mean queueing time and the meamgvdime. By waiting time, we mean the time spenthe
system by a customer from the instant of enterivggdystem to the moment when his service is coeqghlédy
gueueing time, we mean waiting time minus seniiteet Thus queuing time of a customer is the timensiin the
system from the instant of entering the systenm¢éorhoment service is started.

In the results reported in this paper, the arfpracess is non-stationary in the sense that tledgdime dependent.

20 Method of comparison

The comparison of the three systems was carriecbputriting an event-driven computer program in
BASIC to simulate the queue disciplines, FIFO, LIRGIRO. This is due to the versatile nature ofdation and
the fact that it is very difficult to obtain mathatital solutions for queueing system when the quliseipline is
different from FIFO. The approach adopted is teetaksample of n customers. The customers are nechlbsrthey
arrive. For each customer, the arrival time andrisertime is generated using pseudo-random numiérs.
customers are then passed through a single senerirgy system under the queue discipline in fonog e
measures of performance are calculated. Three gdisagline namely FIFO, LIFO and SIRO were usetlie T
results from the systems were compared.
It is known (see Cox and Smith (1961)) that samfiles exponentially distributed random variableshainean
can be obtained by using the expression x =-Alog,(A). (2.1)

where A is a pseudo-random number. The single server queueitggrsgtudied in this paper can be described as
follows. The service times of individual customers are iedepnt and identically distributed exponential random
variable with meany . The inter-arrival times of the customers are independedtidentically distributed
exponential random variables with meanThe relationship between the rate of arrivathe number of customers
in the system L and the time a customer is in the sySteis1given by the expression AW¥/. This is known as

Little's law. If they are equal we have a stationary intenatriime distribution. Equation 1 is used to generate the
inter-arrival times and the service times for n customengeppropriate parameters.

3.0 M athematical formulation

The following symbols will be used throughout the study

n customer’s number
a, time intervals between the arrival of the nth amet ()" customer
A arrival epoch of the™ customer
b, service time of the nth customer
S epoch of completion of service for the nth customer
I idle period
W, waiting time of the nth customer
p traffic intensity of the system
Qn gueuing time of the nth customer
Now, a, = A -A,a =A-A, Clearly,
a,=A,-An=12 (3.1)

Journal of the Nigerian Association of Mathematicd&hysics Volume 1(November 2006453 - 456
Queue discipline a queueing system S. A. Ojobor and S. E. Omosigho J of NAMP



Also under FIFO
Q =0,Q, =max{Q, +b, —a 0}, n=12-- (3.2)
W, =Q, +b, (3.3)
See Cox (1961) for details.
The idle period of the server is calculated as followst, #W__ , then the server is idle. The idle time in this case is
A1 - Sn—l (3.4)
The variance of the waiting time, idle time and queueing timewomputed by the formula
V=13 (x -x) (3.5)

i=1
whereV is the variancey (i = 1, 2, ...,n) are real numbers and the mean is define& X1+XZ+“'+X‘)
n

For LIFO, the customer’s arrival time is ordered dast customer is employed in the use of the égumiabove.
For SIRO the customer are served in random ordeitdmyusing the equations above
Equation 2 to 8 was used to develop an event-diceamputer program to simulation the three systems.

40  Computer program

For the program to be more convenient we use afsedmputer subroutines to generate the arrival and
service time for each customer and to compute ploete of service completion for the different queligciplines
(FIFO, LIFO and SIRO). Also the subroutines wouldused to compute all the necessary parametetsgaueue
disciplines.

The customers were served under the different ejudisciplines. And the parameters for measuring
performance (mean waiting time, mean queuing timean epoch of service completion, mean idle time an
variance of the waiting time, queuing time, idlend) for the different queue disciplines were calted. The
program output was validated by careful manualutations and found to be correct.

50 Results

Takenn =200 the following results were obtained.
Experiment1

Table 1: Resultsfor the 1% set of 200 customer s sampled

Queue Disciplines

Parameters FIFO LIFO | SIRO
Mean waiting Time 4,72 4.93 4.76
Mean Idle Time 0.51 0.51 0.51
Mean Queuing Time 2.06 2.26 2.09
Mean Service Completion 328.48 328.68 328|51
Variance of Waiting Time 6.48 35.58 8.20
Variance of Idle Time 0.91 0.91 0.91
Variance of Queuing time 7.49 38.5( 9.04

Experiment2
Table 2: Result for 2" set of 200 customer s sampled

Parameters FIFO | LIFO | SIRO
Mean Waiting Time 7.00 7.01 6.89
Mean Idle Time 0.29 0.29 0.29
Mean Queuing Time 4.42 4.43 4.30
Mean Service Completion Time 291.09 291/10 290.98
Variance of Waiting Time 18.60 161.21 21.45
Variance of Idle Time 0.66 0.66 0.66
Variance of Queuing Time 2049 163.07 23.93
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The results obtained from both experiments shaw hlbth mean queueing time and mean waiting tirae ar
higher for LIFO in all cases. This can be explaiasdollows. When there is congestion, many custsraee forced
to wait when the queue discipline is LIFO. Thisdeno increase the total queuing time and hencegeegjueueing
time. Once the average queueing time is high, tkeage waiting time will be equally high since wadttime is the
sum of queueing time and service time. In fadtyifs waiting time, Q is queueing time and S is ggrv¥ime, then
E(W) =E(Q) +E(S (5.1

In all the systems E(S) are all the same.
6.0 Conclusion

Here we have been able to remodel Omosigho and 842003) to take n customer which have solve the
problem of remodeling when we sampe more than 28@mers in their system. We used simulation tdysthe
effect of queue discipline on the single serveruguwith non-stationary Poisson arrival process exubnential
service time. The results show that both waitimgetifor the LIFO queueing system is higher than tfid&lFO and
SIRO queueing systems. The results demonstrateghbdtlFO system tend to increase the queueing ton¢he
customers while reducing it for other. Those custiemwith increased queueing time, when ever theypaople,
tend to perceive the system as unfair. Where plessibntrollers of queueing system should adoptRi#O and
SIRO queue discipline so to be fair to their custcsn
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