Traffic Shaping Schemes for Improving QoS in Data Networks

Tamer Dag
Department of Computer Engineering
Kadir Has University, Istanbul, Turkey
tamer.dag @khas.edu.tr

Abstract

As the typical characteristics of traffic in data networks
are bursty which is difficult to handle, traffic shaping
schemes are used for regulating the average rate and
burstiness of a flow of data that enters into the network.
While smoothing the traffic of time sensitive applications
at the user premises can reduce the losses due to buffer
overflows within the network, it may have an adverse ef-
fect on the losses due to the deadline violations due to the
delay introduced by the smoothing process. In this paper,
these loss factors are investigated and some simple me-
trics that capture the potential for buffer overflow and
deadline violation losses under a traffic shaping scheme
are introduced. Such metrics can be useful for the design
of effective traffic shaping schemes that balance the ad-
verse effects of buffer overflow and deadline violation
losses.

1 Introduction

The real-time Variable Bit Rate (rt-VBR) applica-
tions [1, 2, and 3] such as voice and video require an end-
to-end timing relationship among the communicating ap-
plications. Usable bandwidth is allocated to a rt-VBR
connection according to the associated source traffic de-
scriptors negotiated at the connection set up. Based on
these descriptors, resources are allocated to guarantee the
QoS demands during the connection’s duration.

Factors such as the propagation delay, network utili-
zation, VBR subframe lengths have significant impact on
the delivered QoS service and have been considered in the
past [4, 5]. In addition to these factors, the way in which
traffic is shaped before delivered to the network impacts
on the overall performance.

Traffic smoothing reduces the burstiness of the traffic
delivered to the network by, in essence, spreading the
transmission time of the cells over a transmission interval.

By this way, the induced cell losses due to buffer over-
flows are reduced as a result of the increased statistical
multiplexing gain.

Although this approach can be useful for non-real-
time VBR (nrt-VBR) applications which do not have
stringent delay requirements, delay sensitive rt-VBR ap-
plications may suffer from the smoothing process as a
result of the reduction of the delay tolerance of the trans-

mitted cells after the smoothing process. As a result,
smoothing would reduce the deadline margin of the cells
and lead to an increased cell losses within the network
due to deadline violations. This latter effect has been neg-
lected in the past.

In this paper, the rt-VBR traffic model is described
along with some traditional traffic shapers. Some metrics
capturing the potential for buffer overflow and deadline
violation losses are introduced. It is also presented how
these metrics can help design traffic shapers that balance
effectively the impact of cell losses due to buffer over-
flows and deadline violations. An example of such traffic
shaper - the linear envelope traffic shaper - is introduced
and some numerical results illustrating the effectiveness
of the proposed traffic shaper design approach are pre-
sented.

2 Traffic Shapers for rt-VBR Sources

A VBR source, depending on the coding scheme used

[6, 7, 8], generates traffic in a continuous manner at vary-
ing rates. Typically, a rt-VBR application generates cells
in cycles of variable lengths and the amount of cells gen-
erated per cycle varies primarily due to the employed cod-
ing scheme. Through the rest of the paper, these cycles
will be referred to as subframes.

Let S; denote the k™ subframe of length S slots and
Ay denote the average cell rate over the given subframe
Sk. Assume that for this subframe, the VBR source gene-
rates Ny cells as shown in Figure 1. Thus, the average cell
rate over a subframe of a VBR source is, Ay = Ni/S;.
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Figure 1: An example of a rt-VBR traffic generation
process



Let 7, denote the time instant where the k™ VBR sub-
frame begins and Dy, denote the deadline of the cells gen-
erated at time #,. Thus, the cells generated at the k™ sub-
frame should be serviced at their destination by #, + D;.
Otherwise, the deadline of the cells will be violated and
they will be dropped.

The level of smoothing that will be applied for the
transmission of the cells generated at the subframe boun-
daries will have impact on both overall network effective-
ness and the resulting QoS delivered to the particular rt-
VBR application.

Let f(#) describe the shaping function employed at the
rt-VBR sources. Thus, f(¢) determines how the Ny cells are
spread over the subframe of length S; depending on the
deadlines Dy,

One way to implement the traffic shaping function f(#)
is by using a leaky bucket (LB) [9,10, 11, and 12]
scheme. In this scheme, the traffic shaping function f(t)
produces tokens and these tokens are placed in a token
pool. The rt-VBR source cells generated at subframe
boundaries can then be transmitted only if there is a token
in the token pool. If the token pool is empty, the rt-VBR
source cell has to wait for the generation of another token.
Otherwise, it is immediately transmitted and the number
of tokens in the token pool is decreased by one.

In the next two subsections, two traffic shapers are de-
scribed by introducing the appropriate traffic shaping
function f(¢). The impact on cell losses due to buffer over-
flows and deadline violations are discussed.

2.1 The One Envelope Traffic Shaping Function

Under the One Envelope traffic shaper, the VBR
source cells are transmitted in such a way to maximize
their delay tolerances. Thus, if Ny cells are generated at
the k™ subframe Sk, these cells will be transmitted during
the first NV, slots of the subframe.

The traffic shaping function f(#) for the one envelope
traffic shaper can be formulated as shown below:

1 t, <t<t, +N,
f=
0 t,+N, <t<t,,

According to this function - and referring to the LB
mechanism - one token is produced for each time slot
starting with a subframe boundary until the entire cells
generated at that subframe are transmitted.

Under the one envelope traffic shaping, the rt-VBR
applications are expected to have minimal losses due to
deadline violations, as the VBR source cells are transmit-
ted as quickly as possible after they are generated. Since
the VBR sources will be transmitting with their peak rates
for the first Ny slots of each subframe S;, the resulting
traffic would be very bursty and buffers will tend to fill
very quickly when statistical multiplexing is employed.
Thus, the cell losses due to buffer overflows are expected

to be high under this scheme. The rt-VBR applications are
expected to perform well in terms of losses due to the
deadline violations under the one envelope as the VBR
source cells are transmitted as quickly as possible once
they are generated. However, the cell losses due to the
buffer overflows may be high when VBR sources are sta-
tistically multiplexed.

2.2 The Constant Envelope Traffic Shaping Function

The constant envelope traffic shaper is the traditional
traffic shaper used for nrt-VBR applications. The purpose
of the constant envelope traffic shaper is to distribute the
generated VBR cells uniformly over some time period of
Dy; D, does not represent a deadline in the case of nrt-
VBR applications but a smoothing horizon. Thus, if Ny
cells are generated at the k™ subframe Sy, one cell will be
transmitted for every D;/Nj slots.

The traffic shaper function f(#) for the constant
envelope shaper can be formulated as shown below.

Ny <i<t 4D,
f@)=4D,
0 1,+D, <1<t

On the contrary to the one envelope traffic shaper,
the constant envelope traffic shaper is expected to per-
form well in terms of the buffer overflows within the net-
work due to the extensive smoothing applied. However, if
this mechanism is employed for the traffic shaping of rt-
VBR applications with deadline Dy, the induced losses
due to the deadline violations are expected to be high
compared to the losses occurring under the one envelope
traffic shaper. This is due to the fact that cells can be
transmitted very close to their deadlines under the con-
stant envelope scheme.

3 Metrics for Measuring the Efficiency of
VBR Traffic Shapers

This section proposes two metrics which can capture
the potential of traffic shapers for inducing cell losses due
to the buffer overflows and deadline violations. These
metrics measure the average remaining deadline and the
level of smoothness of the traffic shaped by a traffic shap-
ing function. Using these two metrics, it is possible to
compare various traffic shaping functions and gain some
insight into the relative values of cell losses expected to
be induced under those traffic shaping functions.

3.1 The Remaining Deadline (5) Metric

The remaining deadline metric, D measures the aver-
age delay tolerance of a traffic shaper for a given traffic



shaping function f(¢). The average transmission delay of
the cells, T for a given value of deadline Dy, subframe
length S and number of cells to be transmitted Ny can be
expressed by the following equation,

T:Nikfrf(z)dz.

Thus, the remaining deadline metric D is equal to,

s
—_ 1 %
D=D,-T =D, - [tf ()dt
Ny %
Let 31 and D_Cdenote the remaining deadline me-

trics for the one envelope and constant envelope traffic
shaping functions, where

— N
D, =D, ——*
D =2
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Thus, the following relationship holds for the remain-

ing deadline metrics of the traffic shapers considered.
D, >D,

From the above result, it can be concluded that the po-
tential for cell losses due to deadline violations for the
constant envelope traffic shaping function is larger than
that of the one envelope traffic shaping function. Using
the above argument, it may be possible to compare any

two traffic shaping functions in terms of the cell losses
due to deadline violations.

3.2 The Smoothness (M) Metric

Since the constant envelope traffic shaping provides
for the smoothest possible traffic profile, smoothness me-
tric could be defined to represent some type of distance
between a traffic shaping function from the constant
envelope traffic shaping function. For this reason, the

smoothness metric M is defined to be the L2 distance of
a traffic shaping function to the constant envelope traffic

shaping function. Thus, the M metric can provide some
information about the variability of a traffic shaping func-
tion. Since the statistical multiplexing gain and the cell
losses due to buffer overflows depend on the level of

smoothness of the traffic delivered to the network, M
metric can be a relative measure of the expected cell
losses due to buffer overflows.

The smoothness metric M of a traffic shaping func-
tion f(¢) for a given value of deadline D; and number of
cells to be transmitted N, is defined by the following equ-
ation.

M

1o N, .,
N j (f(z)—? dt

Let M_1 and M . denote the remaining deadline me-

trics for the one envelope and constant envelope traffic
shaping functions, where

=1- &

=
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The following relationship holds for the smoothness
metrics of the traffic shapers considered.

M, >M,

From the above result, it can be concluded that the po-
tential for cell losses due to buffer overflows for the one
envelope traffic shaping function is larger than that of the
constant envelope traffic shaping function. Using the
above argument, it may be possible to compare any two

traffic shaping functions in terms of the cell losses due to
the buffer overflows.

4 Linear Envelope Traffic Shaping

The linear envelope traffic shaper - proposed in this
section - can be considered as an example traffic shaper
which tries to balance the impact of cell losses due to buf-
fer overflows and deadline violations. The linear envelope
traffic shaping function allows more smoothing regarding
the transmission of the cells than the one envelope traffic
shaping function. It also allows for more cell delay toler-
ance than the constant envelope traffic shaping function.

As a result, the amount of cell losses under the linear
envelope traffic shaping function due to buffer overflows
is expected to be lower than that under the one envelope
traffic shaping function. On the other hand, the amounts
of cell losses due to deadline violations are expected to be
lower than that under the constant envelope traffic shap-
ing function.

The traffic shaping function f(#) for the linear envelope
shaper can be formulated as shown below.

N
L (t-1,)
fi()=4 Dy

0 t,+D, <t<t,,

1, <1<t +D,

Using the traffic shaping function fi(#) of the linear

envelope traffic shaper, the remaining deadline ( D, ) and

the smoothness (M , ) metrics can be shown to be equal

to,
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A comparison of the linear envelope traffic shaping
function with one and constant envelope traffic shaping
functions can be performed by using the corresponding
remaining deadline and smoothness metrics. The follow-
ing relationships holds for the two metrics considered:

D,>D,>D,

M, >M,>M,

Based upon these observations the linear envelope
traffic shaper is expected to be more efficient than the
constant envelope traffic shaper in terms of the cell losses
occurring due to deadline violations. Similarly, it is ex-
pected to be more efficient than the one envelope traffic
shaper in terms of the cell losses occurring due to buffer
overflows. Thus, for the overall efficiency (deadline +
buffer overflow), the linear envelope traffic shaper can be

a suitable candidate for applications which are delay sen-
sitive and require low cell losses.

5 Numerical Results

In this section, some numerical results are presented
in order to illustrate the impacts of various VBR source
traffic shapers on cell losses due to buffer overflows and
deadline violations.
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Figure 2: BO and DV CLPs as a function of buffer size
for VBR subframe lengths = 100,110... 190 and dead-
line = 0.7*subframe length

For the simulations, a transmission link shared by 10
VBR sources is implemented. For each VBR source, a
fixed subframe length Sy is used. The average transmis-
sion rates of each VBR source for a subframe of length Sy
is 0.09, 0.06 or O cells/slot.
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Figure 3: Total CLPs as a function of buffer size for
VBR subframe lengths = 100,110... 190 and deadline =
0.7*subframe length

Figure 2 presents the cell loss probabilities due to buf-
fer overflows (BO) and deadline violations (DV) as a
function of the buffer size. The VBR subframe lengths for
each source are constant with the following values.
S$,=100 slots for source 1, $;=110 slots for source 2...
8$,=190 slots for source 10. For each source, the cell dead-
lines are assumed to be equal to 70% of its corresponding
subframe length, that is Dy, = 0.7S;.

As expected, under all traffic shapers, the cell losses
due to buffer overflows decrease as the buffer size in-
creases. However, this is not true for the cell losses due to
deadline violations. As the buffer size increases, the VBR
cells tend to spend more time in the buffer which in turn
increases the losses due to deadline violations. The one
envelope traffic shaper results in the lowest number of
cell losses due to deadline violations, while the constant
envelope results in the highest number of cell losses. The
reverse is true for the cells losses occurring due to buffer
overflows. In terms of the efficiency, the linear envelope
traffic shaper is in the middle both for losses due to buffer
overflow and deadline violations.

Figure 3 presents the total cell loss probabilities (cell
loss probabilities due to buffer overflows and deadline
violations) as a function of buffer size. Although, the one
and constant envelope traffic shapers are more efficient in
terms of cell losses due to deadline violations and buffer
overflow respectively, the linear envelope traffic shaper
seems to be the optimal case for buffer sizes between 20



and 60 cells. Since for very large buffer sizes, the losses
due to buffer overflows become insignificant compared to
the losses due to deadline violations, the one envelope
scheme becomes the optimal scheme. Similarly, for small
buffer sizes, the cell losses due to buffer overflows domi-
nate the cell losses due to the deadline violations and the
constant envelope scheme becomes optimal scheme.
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Figure 4: BO and DV CLPs as a function of deadline
duration for VBR subframe lengths = 50, 60... 140 and
buffer size = 30

Figure 4 illustrates the cell loss probabilities as a func-
tion of deadline duration for VBR subframe lengths of
Sk=50 slots for source 1, Sk=60 slots for source 2...
Sk=140 slots for source 10. As expected, when the dead-
line durations increase, the cell losses due to deadline
violations decrease. Except for the one envelope traffic
shaper, increasing the deadline duration decreases the cell
losses due to buffer overflows. This is due to the in-
creased statistical multiplexing gain with increased dead-
line durations. As cell transmissions spread over a longer
period of time for the constant and linear envelope traffic
shapers by increasing deadline durations, the cell losses
due to buffer overflows decrease.

Due to the constant amount of cell losses for different
values of deadline durations under the one envelope traf-
fic shaper, the linear envelope traffic shaper becomes the
optimal scheme when the total cell losses are considered
as shown in Figure 5.
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Figure 5: Total CLPs as a function of deadline dura-
tion for VBR subframe lengths = 50, 60... 140 and buf-
fer size = 30

6 Conclusions

In this paper, the impact of VBR traffic shapers on the
cell losses due to buffer overflows and deadline violations
is considered and remaining deadline and smoothness
metrics are introduced for a comparison of the effective-
ness of the traffic shapers.

Most of the network parameters have significant im-
pact on the performance of the applications. Since rt-VBR
applications are delay sensitive and require very low cell
losses, their performance highly depends on these para-
meters such as the utilization of the network, the size of
the buffers. In addition to such parameters, the VBR
source transmission schemes affect their performance as
well. While transmitting cells in such a way to maximize
their remaining deadlines can be quite efficient in terms of
cell losses due to deadline violations, it increases the cell
losses due to buffer overflows. The reverse argument is
true for a traffic shaper which tries to transmit the source
cells as smooth as possible.

As an example, a linear envelope traffic shaper which
balances the adverse effects of buffer overflow and dead-
line violations is proposed in this paper. It is observed that
the linear envelope traffic shaper becomes a very efficient
scheme when the overall performance, thus the cell losses
due to buffer overflows and deadline violations, are con-
sidered.

In order to examine various traffic shapers in terms of
buffer overflows and deadline violations, the proposed
metrics can be used for a general idea. By the simple in-
terpretation of the traffic shaping functions, the remaining
deadline metric and smoothness metric can be calculated
and new token generator functions according to the spe-
cific needs of the applications can be produced.
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