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Abstract. Priority queues have a great importance in the study of computer communication
networks in which different types of traffic require different quality of service standards. The
discrete-time non-preemptive priority queuing model with priority jumps is proposed in this paper.
On the basis of probability generating functions mean system contents and mean queuing delay
characteristics are obtained. The effect of jumping mechanism is analysed which clearly shows
that the queuing system provides better results when the fraction of class-1 arrivals in the overall
traffic mix is small.
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1. Introduction

Different QoS (Quality of Service) standards are required by the different types of
traffic in modern computer communication networks. We always face two types of traffic
namely delay-sensitive traffic (i.e., voice and video) and delay-insensitive traffic (i.e.,

data) in these networks. Since response time or delay is a crucial performance measure for
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delay-sensitive applications, time delays in priority queues have been studied extensively
in recent years. Due to the sensitivity of the delay-sensitive traffic, it is a basic requirement
for designing andconstructing an efficient communication network with a very small mean
delay and delay jitter. While the values of the important performance measures of the
delay-insensitive traffic, namely loss ratio and throughput should also be small. Priority
scheduling scheme is an important way by which we can achieve these requirements.
Since the research works in the field of two-class discrete queues have begun to
proliferate only in recent years. Analysis of two-class discrete queues is not available too
much. Two-class discrete-time systems, with service time assumed deterministically 1 slot
have been analysed in [1-2] as well as in [4]. The systems with non-preemptive priority and
general service times with nonhomogeneous packet arrivals have been studied in [8] and
[11]. In a HOL non-preemptive priority scheduling, we assume that delay-sensitive traffic
has priority over delay-insensitive traffic without preemption i.e., when a server becomes
idle, a packet of delay-sensitive traffic, when available, will always be scheduled next but
the service of a delay-insensitive packet which has already in service cannot be interrupted
by a freshly arriving delay-sensitive packet. This priority scheduling scheme is not only
very easy to implement but also provides relatively low delays for the delay sensitive
traffic ([3] and [13]). Rubin and Tsai [9] discussed the HOL non-preemptive priority
queues taking a variety of arrival and service time distributions (see also in [10] and [12]).
In this paper, we will consider a head-of-line priority scheme with priority jumps
(HOL-PJ) in which class-2 i.e., delay-insensitive packets (at the HOL position) jump to
(the end of) the class-1 i.e., delay-sensitive traffic queue. In literature, many jumping

schemes with different criteria are discussed (see in [5-7]).

2. Formulation of Mathematical Model

A discrete-time single-server queueing system with two queues having infinite buffer
space is proposed for study. Two types of traffic are arriving in the system; viz. packets of
class-1 that are stored in the first queue and packets of class-2 which are lined in the
second. It is assumed that the time is slotted. We denote the number of arrivals of class-j
during slotk by a;,(j = 1,2). Both types of packet arrivals are assumed to be i.i.d. from
slot-to-slot and are characterized by the joint probability mass function

a(m,n) & Prob[al,k =m,a;, = n],

and joint probability generating function (pgf) A(zi, z»),
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Azy,2,) 2 E|2,*2,**] = z a(m,n) z{"z}

m,n =0
It is assumed that the service times of the class j packets are i.i.d. and are characterized by

the

probability mass function s;(m)and probability generating functionS;(z),

[ee]

5@ =) smzm

m=1
with j = 1,2. Also the mean service time of a class j packet is denoted by p; = SJ' (D).
The total load is given by £ p; + p, , where p; 2 A;u;(j = 1,2).

To analysed the system contents at the beginning of start slots, i.e., slots at the
beginning of which a service of a packet (if present) can begin. Let us denote the system
contents of class-j at the beginning of the I-th start slot by n;,(j = 1,2) and their joint pgf
is denoted by N;(z4,25), i.e.,

Ny(z1,2,) 2 E|z;"z,*'].
If s; denotes the service time of the packet that enters service at the beginning of start
slot /. Then the system contents of both types of packets can be obtained according to the
following system equations:

L. Ifny;=n, =0:

Nyi+1 = A1k

Ny1+1 = A2k

2. Ifny; =0andn,, > 0:

sj-1

Nyi+1 = A1, k+is
i=0
sj-1
Nyi+1 = N + Z Apperi — 1,

i=0

3. If nl'l > 0:
I a;, =0

Ny+1 =N
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s;—1
Nai41 =Nzt Z Az p+i — 1,
i=0
II. az'k > O:
si-1
Nyg41 =Nqg + Aesi — L

i=0

s;-1

Ny =ny; + Z Qs k+i,
i=0

where the value of s/ in the three cases is given respectively as follows:

0; sincethebuf ferisempty.
s; = { s,(m); sinceaclass 2 packetentersintotheservice ,
s;:(m); sinceaclass 2 packetentersintotheservice.

With the help of above system equations, we can derive a relation between N;(zq, z,)

and Nj,1(z;,2z,) . Taking into account that the random variables s; , (Tlu,nz,z)
and(aLk+ i azykﬂ-),i > 0; are statistically independent, the relation is obtained as follows :
A n ) n y
Nl+1(Zl' ZZ) A E[Zl 1 l+1Z2 2 l+1]
s]—

-1 sj-1
_ Ay Aok _ _ Yico Auk+i M2itXly Gzk+i—1 _
= E[z1 z, {Tlu =Ny = 0}] +E [zl z, {nu =0,ny; > 0}

s]-1
ny; Maitis, A2k+i—1 _
+E [21 z, {nu >0,a., = O}

n +257_1a 1n +ZSZ_1a
1,1 i=0 Y1k+iT 21T Lj=g ©“2,k+i
+E [21 z, {nu >0,a, > 0}

Solving this equation and  using the steady state condition,

N (zl_zz) 2 lim;_,4 N;(z,, z,),we obtain the following formula for N(z,, z,) :

[2,2,A(21, 2,) — 215, (A(24,2,))|N(0,0) + 1)
N(zy2,) = [21{s2(A(z1,22)) — 52(A(0,2))} — 2,51 (A(z1,22)) |N(0, z,)
2123 — 2152 (A(O.Zz)) — 2251 (A(szz))
The two unknown quantities, namely N(0,z,) andN(0,0), are determined by using

Rouche’s theorem and putting z; =z, =1 with the use of de I’Hospital’s rule
respectively (see also Walraevens et al. 2003) and are given by the following expressions:
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Y(Zz)[sz(A(y(Zz).Zz)) — 2,A(Y (2,), Zz)] 2
N(O, = N(0,0
(0.2,) Y(Zz){SZ(A(Y(Zz),Zz)) - SZ(A(O.ZZ))} - Zzsl(A(Y(Zz): Zz)) ©.0)
and
-p (3)

N(O’O)zl—p+/11+/12

Using these two equations in eqn. (1), we finally obtain the joint pgf of the system contents
at the beginning of a start slot in the steady state with

_ Y(Z)SZ(A(O,Z)) + ZSl(A(Y(Z), z))
z

Y(2)

The marginal pgfsN;(z), N;(z) and N,(z) of the total system contents and the

system contents of class-j at the start slot are obtained by putting appropriate values of z;
and z,, which are given as follows:

Nr(2) ®)

2 klim E[z"] = N(z,z)

{zA1(2) = 5,(Ar D)}V @) (5:(A(Y (2), 2)) = 5,(4(0,2)
1-p | Her®)-s(402) - s1(4r@)Hr @ (s.(ACr

T1-pHAth {z-5:(400,2)) = 51 (4r@)}{Y (@) (5:(4¥ (2), 2)) — s, (AC
N,(z) & %I_I)g E[z™!] =N(z,1) (6)
_ 1-p A(z) — 52(A1(Z))
B 1-pi+4 Z—S1(A1(Z))
+ 2, 252(A1(Z)) - 51(141(2)) — ity
51(4:@) (2= 5:(4:(2)))
N,(z) @)
2 }11_1)’210 E[z™!] = N(1,2)
{24,(2) = 5,(A, D)} {r @ (5, (A(Y (2),2)) = 5,(AC0, 2
1-p +{52 (AZ(Z)) —S2 (A(O' Z)) —S1 (Az(z))} {Y(Z) (32 (A(Y(A

Tl-pthth {z = 52(400,2)) - z5,(A4,@)}HY @) (52(4(¥ (2), 2)) — 5,(4
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3. Calculation of Performance Measures

In this section the performance measures such as mean value of the system contents and
mean packet delay of class j, j = 1,2 packets at the start slot are analysed.

Let us define 4;; and p;; as

_0%A(zy,25)

Aij =

0z;0z;
VU M zi=2,=1

And

dZS] (Z)
Hij = 4,2

z=1
respectively, with i,j =1, 2.
In this process, the mean values of the system contents i.e., E[n;] and E[n,] are obtained

by taking the first derivative of the respective pgf’s (6), (7) for z = 1. Taking the first

derivative of (6) for z = 1 we get the mean class-1 system content as

E[nq] ¥

_ 11241 + 4#%}@ - 4,“1/12}@ + /111/13(1 +ug —pp) +2(A4; + H%’li)(ﬂz = H1)
2(1 — A — Ay + A4)

Also E[ng] is the mean total system content which can be obtained by taking first

derivative of Ny(z) for z =1 and is given by

_ AT(1) )
Elny] = A7 + 204

and also the mean value of the system contents of class 2, E[n,], can be calculated by
taking the first derivative of the respective pgf for z = 1 and also by using the following

relation:
E[nr] = E[n{] + E[n,] (10)

Then the mean packet delays i.e.,E[d;] and E[d,] are obtained by using Little’s law
given by
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Eld]| =E[n]/iG=12) )

4. Numerical Example

We assume the traffic of the two classes is arriving according to a two-dimensional
binomial process. The joint pgf of the arriving traffic, A(z,, z,), is given by:

" 2, N (12)
Az1,7) = (1 -T-z)-Fa —z2)>

It is also noticed that if N — oo, the arrival process is supposed to be a superposition of
two Poisson variates. The fraction of class-1 arrivals in the overall traffic mix is defined
and denoted by a (i.e.,a = A;/A7). The remaining part of this section is analysed by
taking N = 16 and assuming that the service times for both classes are deterministic.

In Fig. 1 the mean value of the system contents of class-1 and class-2 packets is shown
as a function of the total loadp, wheny; = u, = 2, while the fraction of the arrival rate of
class 1 traffice =0.25 and 0.5 respectively of the total arrival rate. It can be easily observed
the influence of priority scheduling: the mean of the number of class-1 packets in the
system is severely reduced by the HOL priority scheduling; the opposite holds for class-2
cells. In addition, it also becomes apparent that increasing the fraction of high priority cells
in the overall mix increases the amount of high priority traffic while decreasing the amount
of low priority traffic in the buffer. Finally, it is also clear that the impact of priority

scheduling is more important if the load is high.

0.0 0.2 0.4 0.6 0.8 1.0

Fig. 1: Mean value of system contents versus the total arrival rate.
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Fig. 2 shows the mean value of the packet delay as a function of the total loadAy
foryy; = p, = 2 while takingthe fraction of the arrival rate of class 1 traffic @ =0.25 and
0.5 respectively of the total arrival rate. It can be observed that the influence of HOL
non-preemptive priority scheduling with priority jumps is quite large. It can also be
observed from these figures that the delay of high and low priority packets increases with

increasing the fraction of high priority packets in the overall traffic mix.

5.5 —

5.0 —

4.5 o= 0.25

4.0 -
3.5 6@}

3.0; _
e = /
2.5 4 e e
2.0 - ~ _— i
: o=

i — &
1_0_' "./ V’,»'
0.5 - / I =

0.0 0.2 0.4 0.6 0.8 1.0

Fig. 2:Mean value of packet delays versus the total arrival rate.

The mean value of the system contents and packet delays of both classes are plotted
versus o for Ar = 0.3 which are shown in Figs. 3 and 4. The mean packet delays of the
class-1 and class-2 system contents increase with the fraction of class-1 packets in the
traffic mix. It is clear from the figure that the difference between class-1 and class-2 packet

delays for value of a is large when the load is high.
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Fig. 3:

Mean value of system contents versus the fraction of class-1 arrivals

Fig. 4:Mean value of packet delays versus the fraction of class-1 arrivals

5. Conclusion

The system contents in a queueing system with non-preemptive HOL priority jumps
scheduling are analysed in this paper. A generating-functions-method was adopted in the
study of the performance measures, such as mean of system contents and packet delay of
both classes, which are easy to evaluate. The model included possible correlation between
the number of arrivals of the two classes during a slot and general service times for packets
of both classes. Therefore, the results could be used to analyse performance of an

output-queueing switch having Bernoulli arrivals and dynamically prioritized. Finally, the
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effect of jumping mechanism was analysed which clearly shows that the queueing system
provides better results when the fraction of class-1 arrivals in the overall traffic mix is

small.
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