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Abstract— Considering the burst traffic shown in some new
Internet applications of nowadays, in this paper, we propose
a dotted connection oriented Internet service system with a
release delay having an upper limit timer length 7. We build
a batch arrival Geom*/G/1 queueing model with a setup/close-
delay/close-down strategy to characterize the system oper ation.
We suppose the batch size to follow Pareto(c, ) distributed.
By using a discrete-time Markov chain approach, we derive the
stationary distribution of the system and describe performance
measures such as packet response time, setup ratio, and utility
of connection. In numerical results, we evaluate the system
performance and show that the setting of the timer length T
is a significant issue for better performance of the system.

|. INTRODUCTION

With the development of broadband, high-speed, high-
capacity and high-reliability communication technologies,
we are expecting new Internet applications such as voice,
data, video, text, image/picture and instant messenger. Ad-
vanced Internet services are in urgent need to support these
new Internet applications. At the same time, for design
and tuning of the Internet services, system performance
evaluation must be mathematically analyzed [1].

The generaly accepted view is that vacation queueing
models are much more suitable for connection oriented ser-
vices. In recent years, there have been many achievements
in the research and application of continuous-time vacation
gueueing systems, especialy in the performance evaluation
of communication networks [2].

However, it is indicated that it would be more accu-
rate and efficient to use discrete-time queue models rather
than continuous-time queue models when analyzing and
designing digital communication systems [3]. Analyses of
discrete-time queue models with server vacation or setup
strategy can be found in [3]-[5].

Taking into account the memoryless character of a user
initiated connection oriented session in a switched virtual
channel, a delayed vacation Geom/G/1 queue model with
setup was built. Performance measures were given in [6].

However, burst data is found in many Internet appli-
cations, especially in the new Internet applications. It is
well known that much additional processing overhead and
time delay will be involved by setting up and releasing
connections. If a connection is released immediately after
a transmission finished, the connection for transmissions
will be released and set up too frequently. Thus the system
efficiency will be diminished.

In this paper, considering the burst shown in Internet traf-
fic, we propose a discrete-time connection oriented Internet

service system with a release delay having an upper limit
timer length T'. To evaluate the performance of this system,
we build a batch arrival Geom*/G/1 queueing model with
a setup/close-delay/close-down strategy.

We describe some key performance measures such as
packet response time, setup ratio and utility of connection.
Based on numerical results, we discuss the influence of
the timer length 7' on the system performance for different
offered loads and different burst degrees. We also show that
the setting of the timer length T is a significant issue for
better performance of the system.

Il. WORKING MECHANISM AND SYSTEM MODEL

Based on digital connection oriented Internet services,
we set a release delay called close-delay period D before
beginning a release process called close-down period C.
And we introduce an upper limit length called timer length
T as a system parameter for the close-delay period D.
Batches arriving in the buffer having an infinite capacity
are transmitted in a First In First Out (FIFO) discipline.
Packets in each batch are transmitted at random by using
a common channel. The time axis is divided into dots of
fixed length.

When a batch arrives in the system, a setup period U
will be started, where the setup period U corresponds to a
time period for setting up a new connection using a three-
handshake signaling procedure. After the setup period U
finishing, a busy period @ will begin. The busy period O is
atime period in which packets are transmitted continuously
until the buffer becomes empty.

When there are not more packets in the buffer to be
transmitted, the system will enter a close-delay period D.
D corresponds to the release delay time with an upper limit
timer length T (0 < D < T). During the close-delay
period D, the connection is reserved in anticipation of more
packets being transmitted using the same connection before
the system goes into close-down phase.

If there is a batch arriva within the close-delay period D,
anew busy period © will be started immediately. Otherwise,
the system will enter a close-down period C' when the timer
length T" is over. C corresponds to the time period required
to release the connection using another three-handshake
signaling procedure.

Moreover, if thereisabatch arrival during the close-down
period C, after the close-down period C finishing, a setup
period U will begin before the system enters the idle period
1. If this does not occur, the system will enter an idle period



I. A batch arriving during the idle period I will make the
system to enter a new setup period U.

The above process will be repeated.

Therefore, we can present a batch arrival Geom*/G/1
gueueing model with a setup/close-delay/close-down strat-
egy to characterize the system operation.

In this system model, we assume the batch arrival of
packets to follow a Bernoulli process. The batch size is
assumed to be a random variable following Pareto(c, «)
distribution. We define a transmission period B to be atime
period to transmit a single packet in slots. The transmission
period B is assumed to be generdly distributed.

I1l. PERFORMANCE ANALYSIS

Setup period U, close-down period C' and transmission
period B are independent and identical discrete-time ran-
dom variables in dlots, and are assumed to be generaly
distributed. The probability distributions and Probability
Generation Functions (PG.Fs.) U(z), C(z) and B(z) of U,
C and B are defined as follows:

w=P{U=k}, k>1, Uz

Zukz
chz
Zbkz (1)

Let E[U], E[C] and E[B] be the averages of the setup
period U, close-down period C' and transmission period B
in dlots, respectively, then we can obtain them as follows:

:Zkuk’ :Zk‘ck, [B]:Zkbk.
k=1 k=1 k=1

We denote by A the number of packets in a batch, and
call A the batch size. The probability distribution and P.G.F.
A(z) of the batch size A can be written as follows:

= i e 2" 2
k=0

where ) is the probability that the number of packets in
a batch is k. Specialy, Ao = P{A = 0} is the probability
corresponding to that there is no batch (A = 0) arrival in a
slot.

Let E[A] be the average of the batch size A in packets,
then we can give that

o =P{C=k}, k>1, C(z

be=P{B=k}, k>1, B(z

=P{A=Fk}, k>0

Al = f: k.
k=0

We define the probability of no batch arrival during the
timer length 7' to be T'(\o), where T'(\o) = AL. From Eq.
(1), we know that the probability of no batch arrival during
close-down period C is C()\g) and the probability of no
batch arrival during transmission period B is B(\g).

Obviously, when p = E[A]E[B] < 1, the system will
arrive at a state of equilibrium. Now, we present a perfor-
mance analysis of the system in the state of equilibrium.

A. Number of Packets in the System

For a late arrival system, batch arrivas in the 7th dot
is assumed to occur only at the instant =, while packet
departure is assumed to occur at the instant 7. Let Q,, =
Q (1;7) be the number of packets in the system immediately
after the nth packet departure. Then {Q,,,n > 1} forms an
imbedded Markov chain. We define the state of the system
by the number ) of packets in the system at the imbedded
Markov points. The formula below is tenable:

Qn_1+A(n+1)a Qn Z 1
Qni1 = { B 3)

m, Qn =0
where A(”“) is the number of packets arriving during the
transrmsson time B of the (n+1)th packet. i is the number
of packets left in the system after the departure of the first
packet in a busy period 6.

A busy period @ begins with one of the following three
cases. (1) There is a batch arrival within the timer length
T'. The batch will trigger a busy period @ immediately. (2)
There is no batch arrival within either the timer length T
or the close-down period C', then the batch arriving during
the idle period I will trigger a setup period U, and a busy
period @ will begin. (3) There is no batch arrival within
the timer length T, but there is at least one batch arrival
within the close-down period C'. In this case, after the close-
down period C is over, the system will directly enter a setup
period U and then a busy period @ will begin. For these,
the PG.F. n(z) of  can be given as follows:
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Substituting Eg. (4) into Eq. (3), using the normalization
condition and L' Hospital principle, we can give PG.F. Q(z)
of () as follows:

(1—p)(1 -
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where K is given as follows:

E[A]
1—Xo
+E[AIT (M) (E[U] + E[C))).
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From Eq. (5), we can give the average E[Q] of @ as



follows:
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where U?), C(?) and B®) are the second factorial moments
of the PG.Fs. U(z), C(z) and B(z) in slots, respectively,
obtained from Eq. (1). A is the second factorial moment
of the PG.F. A(z) in packets obtained from Eq. (2).

B. Waiting Time of Packets

We focus on an arbitrary packet in the system caled a
tagged packet M. We note that the waiting time W of M
can be divided into two parts as follows. One is the waiting
time W, of the batch that M belongs to. The other is the
total transmission time J of the packets before M in the
same batch. W, and J are independent random variables,
so we have the PG.F. W (z) of the waiting time W of the
tagged packet M as follows:

W(z) = Wy(2)J(2) (6)

where W, (z) and J(z) are RG.Fs. of W, and .J.
Applying the analysis formula in [6], we have that
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J(z) can be written as follows (see [3]):
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Substitute Egs. (7) and (8) to Eqg. (6), we obtain that
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From Eqg. (9), we can give the average waiting time E[IV]
of packets in slots as follows:
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C. Busy Period of the System

We denote the averages of the actual lengths of the setup
period U, close-delay period D, close-down period C, idle
period I and busy period © by E[Tv], E[Tp], E[Tc], E[T1]
and E[T'). So we have that

Blfy] = TOWEIU], BlTp] = 1100,

ETe] =T(EIC), BT = 1= T(a)C(h)

E[Te] = K@. (10)
p

Next, we define a busy cycle R as a time period from
the instant that the system completes a busy period to the
instant that the next busy period ends. We denote by E[T'g]
the average of the actual lengths T'r of busy cycle R as

E[TR] = E[TU] + E[TD] + E[Tc] + E[T]] + E[T@]. (11

Substituting Eg. (10) to Eqg. (11), we have that
K
ETR]l = =————.
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IV. PERFORMANCE MEASURES
We define a packet response time T'* to be the time period
in dots elapsed from the arriva of a packet to the end of

the transmission of this packet. The average E[T*] of T*
can be given as follows:

E[T*] = E[W] + E[B]
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Setup ratio v is defined as how many times the system
goes to setup period U per slot. Obvioudly, the setup ratio
~ can be given by

T(Xo) _ E[A](1 = p)T (M)
= = . 12
Y= BT 7 (12)

Idle ratio § is measured as the fraction of time that an

open connection is not used on average as follows:

E[Tp]
E[Te]| + E[Tp] + E[Tc]
_ (1-p)1 =T(N))
~pK + (1= p)(1 = T(Xo) + E[A]T (M) E[C))
System utility ¢ is defined as the ratio of the time during
which there are packets being transmitted to the time during
which the network resource is occupied. Clearly, the system
utility ¢ can be obtained as follows:
ETo]
E[T@] + E[TD] + E[TC]
_ pK
~ K+ (1= p)(1 =T (o) + E[A]T(X) E[C])

B:
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V. NUMERICAL RESULTS

In numerical results, we assume the setup period U,
close-down period C' and transmission period B to be
generally distributed with average values E[U] = 5 (dots),
E[C] = 2 (dots) and E[B] = 5 (dots). We assume the
batch size A to be Pareto(c, «) distributed as follows:

k

Me=ck et p=12.. l<a<?2

where ¢ is a normalization factor for >22, A\x = 1, v is
related to the Hurst factor H by

H=B-«a)/2, 1l<a<?2, 05<H<I

It is obvious that the smaller the parameter « in the Pareto
distribution is, the larger the Hurst factor H is, and the more
the burst will be.

Due to a finite first moment and an infinite second
moment of a Pareto(c, «) distributed random variable, the
average response time E[T*] of the packets tends to be
infinite.

We present numerical examples in terms of the setup
ratio v, idle ratio 8 and system utility ¢ as functions of
the timer length 7" in dlots for two special cases of lower
and higher offered loads with p = 0.25,0.75, and for Pareto
distribution parameters o = 1.5,1.3,1.1 in Tables | and II.

TABLE |
Numerical results with p = 0.25.

a | T Y B ¢
0 | 0018246 0 0.73264
10 | 0.0142370 | 0.33909 | 0.51443
15 | 40 | 0.0066664 | 0.62686 | 0.32924
70 | 0.0030825 | 0.70135 | 0.28131
0 | 0013486 0 0.78757
10 | 0.0112410 | 0.28972 | 0.57991
1.3 | 40 | 0.0064686 | 0.58023 | 0.37168
70 | 0.0036999 | 0.66964 | 0.30760
0 | 0.0077123 0 0.86637
10 | 0.0069541 | 0.20568 | 0.69734
1.1 | 40 | 0.0050919 | 0.48054 | 0.47145
70 | 0.0037231 | 0.59087 | 0.38078

In Tables | and 11, the cases with the timer length 7" = 0
show the cases without considering the release delay in the
systems as in previous papers [4] and [5].

By comparing the systems presented in the literature,
from Tables | and I, we can know that for the same offered
load p and the same parameter « in Pareto distribution, the
longer the timer length T is, the lower the setup ratio
will be. However, a longer timer length 7' will make the
idle ratio 8 larger and the system utility ¢ lower. So, there
is a trade-off between the setup ratio v and idle ratio § or
utility ¢ when the timer length T is set.

Tables | and Il aso show that with the same parameter
a, the heavier the traffic (with larger result of p) is, the

TABLE I
Numerical results with p = 0.75.

a | T Y B é
0 | 0015958 0 0.90384
10 | 00079011 | 0.13784 | 0.81902
15 | 40 | 00007692 | 0.23992 | 0.75620
70 | 6.9564e-005 | 0.24910 | 0.75056
0 | 0012291 0 0.92427
10 | 00072946 | 0.11443 | 0.84450
13 | 40 | 00013719 | 0.22687 | 0.76612
70 | 00002451 | 0.24594 | 0.75283
0 | 0.0073486 0 0.9533
10 | 0.0054351 | 0.077289 | 0.89045
11 | 40 | 0.0021450 | 0.18878 | 0.79978
70 | 0.0008305 | 0.22722 | 0.76852

stronger the influence of the timer length T' on the setup
ratio v will be.

Moreover, in the same case, the larger the offered load p
is, the lower the setup ratio v and idle ratio 5 will be, and
the larger the system utility ¢ will be. The reason is because
the larger the offered load p is, the larger the probability that
batches arrived during a close-delay D period will be. So a
busy period will begin again without a setup process.

From these discussions, we can conclude that when we
set a timer length 7', the degree of burst and the offered
load must be considered.

V1. CONCLUSIONS

We proposed a slotted connection oriented Internet ser-
vice system with a release delay, and built a batch arrival
Geom*/G/1 queueing modd with a setup/close-del ay/close-
down strategy to characterize the system operation. We
derived the stationary distribution of the system, described
some key performance measures, and showed that the
choice of the timer length T is a significant issue for better
performance. This paper provides theoretical basis and
performance evaluation for the slotted connection oriented
Internet service systems with the release delay, and has
potential applications for the network design, network main-
tenance and network management with connection oriented
service in the next generation Internet.
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