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Abstract

Distributed applications are often established in lo-
cal, e.g. wireless, networks. An important means
to guarantee an acceptable quality of service in net-
works with real-time communication requirements is
the reservation of resources at connection setup time.
However, such reserved resources, e.g. transmission
bandwidth, may be unused as a consequence of the
variations in the actual resource demands. Indeed, in
many, mainly wireless, networks these resources are
quite limited. Therefore, we propose a more efficient
resource utilization which is possible if communicat-
ing stations or end-users dynamically hand over some
of the free resources temporarily to the other commu-
nication partners, e.g. of a “broadcast network”.

This paper summarizes some of our main results as
achieved up to now. We focus on our recent work
in progress as well as on future prospects of such a
demand-based sharing of resources: on the one hand,
estimation of the current resource requirement on
the basis of load measurements is discussed and, on
the other hand, we present efficient algorithms for
resource sharing respecting real-time requirements.
Our approach suggested for resource and traffic man-
agement allows one to achieve significantly better uti-
lization of network resources which is demonstrated
by means of examples.

1 Introduction

The trend towards distributed multimedia communi-
cations via local-area networks has led to the require-
ment to transmit continuous media streams, such as
audio and video streams, with sufficiently good qual-
ity. One common possibility in order to guarantee a
certain QoS as required by the users of a network is
resource reservation as reflected e.g. by the IntServ
proposal [BCS94]. In this paper we focus on extend-
ing this approach and its usage in local broadcast
networks.

In particular, we study ways of how communication
resources which are already reserved and allocated
to communicating end-users or end-systems can be
dynamically handed over to other end-users or end-
systems in case that they are not needed by their
original ”owner” for some time. Our interests center
around methods which assure that resources are re-
called sufficiently quickly, when they are needed again
by their owner, in order to make sure that real-time
requirements are not neglected.

The approach we suggest assumes that the problem of
reserving and statically allocating resources to com-
municating entities has already been solved [ChG02]
and that the resource reservation has been established
for a rather long-term time interval, e.g. duration of
an audio/video stream. Each owner of resources de-
termines whether its communication load justifies the
continued reservation of all the resources as allocated
to himself. If a sufficiently large amount of resources
is observed to be temporarily free, the owner will pass
some of these resources to its "neighbors”. In order to
respect real-time requirements for its data to be sent
each owner will continue to observe the arrivals to
its transmission queue. If its local load is increasing
again, the owner informs its neighbors that they are
no longer allowed to make use of the resources which
were offered for public access at an earlier instant.
The scenario our approach assumes is introduced in
more detail in Section 2 and in [WWLO03]. The freeing
of resources and their reclaiming could lead to oscil-
lations why our approach is based on load estimators,
as presented in Section 3, which produce some kind
of smoothed estimates for the load as it is generated
locally over time. Moreover, in Section 4, we intro-
duce a system of load thresholds which, only when
being crossed by the load estimates of an owner of
resources, leads to a broadcast of messages for freeing
or reclaiming resources. Section 5 shows results for
three sample threshold systems in combination with
different load estimation functions. In Section 6 we
summarize the current state of our work and indicate
future prospects.



S S S S
(@) ®) ®;")
Stations i .o L cee i
el |k < I R = S
'E = = - |x E = - |x 'E = =
i ! A A
" | f+ Ad'n f+Ad'/n | T +adm
v ' Ad"/n o Adn g Ad'/n +Ad" | i
1 Il
[ | > Broadcast—Network g JJ
FREE_BW (S, Ad) RECALL_BW (S,, Ad”)

Figure 1: Redistribution of bandwidth: the depicted example scenario illustrates the freeing of Ad’ by station

So and recalling of Ad” by S,

2 Underlying model for

source distribution

re-

In the following we present the basic proceeding
which we suppose throughout this paper for resource
reservation and redistribution between the stations
of a broadcast network. The assumptions and the
underlying model for resource redistribution are as
follows:

e Resource reservation:
We assume:

— n + 1 stations Sy,...,S, communicating
via a local broadcast network (Ethernet,
WLAN,. . .[Tan03])

— communication load of the stations consist-
ing of time-critical transmissions and non-
time-critical data transfers, cf. the real-time
(RT_Q) and non-real-time queues (nRT_Q)
in Figure 1

— in each station with real-time communi-
cation requirements there exists at least
one owner of resources, where reserved
data rate (allocated “bandwidth”) is the re-
source considered by way of example; sce-
narios could be that the owner reflects the
complete station or an owner could model
a single end-user

— resources are supposed to be reserved be-
fore starting a new stream with real-time
requirements and are available to its owner
until it releases connection after end of the
stream; the amount of bandwidth reserved
is such that the owner’s QoS requirements
can be guaranteed.

e Temporary resource redistribution:

We assume that an owner of resources can pass
resources to other stations temporarily, when-
ever these resources are not required locally for
some time. We introduce a message of type

— FREE_BW (5, Ad) with which a station S
hands over a bandwidth (respectively data
rate) of Ad bit/s to other stations, and

— RECALL_BW (S, Ad) to recall bandwidth
Ad.

With receipt of a RECALL_BW message the re-
called bandwidth has to be released immediately.
The question of how to distribute free bandwidth
among stations is out of the scope of this pa-
per; an elementary solution could be, that all
neighboring stations get equal shares. A more
advanced approach to distribute free bandwidth
efficiently is proposed in [AnLO01].

Approach to estimate the level of load resulting
from time-critical transmission requests:

We assume periodic measurements available at
instants t; := to + ¢ - At, for ¢ > 1, where
the measured samples p; characterize the load
of time-critical transmission requests which have
been generated by the source during the inter-
val T; := [ti—1,t;). Evidently, p; := d;/(r - At),
where d; denotes the amount of time-critical data
generated during 7; and r denotes the data rate
as it was allocated to its owner at connection set-
up time. This sequence of samples (p;) may be
used at each instant t; to calculate an estimate
p(t;) of the actual level of load.



3 Estimation of actual node
utilizations using geometric
and arithmetic weighting

The traffic load generated by the communicating
users of a station must be estimated in order to be
able to adjust the allocated capacity to the actual
requirement. If the capacity, in terms of transmis-
sion bandwidth, allocated is too high, only a poor
level of utilization for the network can be achieved.
Some flows may have more reserved capacity than
what they really use. This capacity is lost for all the
nodes of the network. On the other hand, if the re-
served capacity is too low in comparison to the flow
activity, a situation of congestion occurs and the gen-
eral QoS of the flow will be degraded. It is important
to find out good estimators to allow the algorithm
controlling the bandwidth to react in an appropriate
manner.

The estimator must take into account some kinds of
fluctuations in order to enable adequate node reac-
tions. Major changes in data rates for a complex
source of traffic must be detected quickly. This is an
important condition for flows with a required level of
QoS. If the reaction is too slow, a QoS degradation is
viewed by these flows, whereas a minor change in data
rates within single streams may be ignored in order
to get a certain form of smoothness over time. This
constraint is to avoid an overreaction with respect
to the observed fluctuation of offered load within a
station.

The methods proposed and investigated by us for load
estimation are geometric and arithmetic weighting.

Here, geometric weighting is defined as follows:
p(ti) = api+(1—a)-p(ti-1), i>1

where o € (0, 1] and p(to) to be initialized. The « fac-

tor indicates how fast the estimator changes with a

strongly different new sample. The geometric weight-

ing is also known as the exponential weighted moving

average (EWMA) [Rat91]. As an abbreviation we

denote by G, geometric weighting with parameter
a € (0,1].

The arithmetic weighting estimator is defined as:

w—1 .
~ w—7
p(ti) = Co - E . Tpi_j’
j:

i>1,

where w € {1,2,...} and pj to be initialized for all

2—w<k<0. Cy= u%—l denotes a normalization

constant. This estimator is equivalent to a sliding
window with window size w and weights increasing
in a linear way when the samples are more recent.
Arithmetic weighting uses % as weights, where k is
the position in the window of size w with the most
recent sample taking the position £ = w. The size
of w indicates how many past samples including the
present sample must be kept to estimate the cur-
rent load. As an abbreviation, A,, denotes arithmetic
weighting with a window size of w € N.

4 System of load thresholds

In this section we introduce a system of load thresh-
olds, which allows to determine when to free or claim
back bandwidth based on current load estimation as
discussed in the preceding section. The main tasks
of such a system are on the one hand to assure real-
time requirements to be respected and secondly to
avert, oscillations caused by small variations of the
estimator’s value.

Definition 1 We define an n-state threshold
system as tuple TS(S,9). The n-tuple S =
(S1,82,...,8,) C [0,1]", with S; < S; for all 1 <
1 < j < n, denotes the set of states while the state-
transitions are defined by the n x (n — 1)-matriz
V2 Mon

: : c (0,1]™ x (0,1 "
7977,,2 ﬁn,n
with 1 < j = V,; < Vi; Vk. With given state S;
and estimated load p the next state is given by

7(Si, p) = Sjeglaxn}{msfs, 1}

Interpretation of ¢:

e Up-thresholds: For i < j, each entry 9; ;, deter-
mines the up-threshold which has to be crossed
upwards (or at least reached) by the estimator
p, in order to change the system’s state from S;
to Sj.

e Down-thresholds: For ¢ > j, each entry ¥, j,
determines the down-threshold which has to be
crossed downwards by the estimator g, in order
to change the system’s state from S; to S;_i.
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Figure 2: A general 3-state threshold system (left pic-
ture) and M2, an example 4-state threshold system;
states and transitions of M2 are labeled in percent.

If neither any up-threshold nor any down-threshold
is crossed, the system remains in the current state.
Figure 2 shows a general 3-state (left picture) and a
specific, i.e. actually parameterized, 4-state threshold
system by way of example.

In contrast to assessments regarding the gained band-
width by means of resource redistribution, we cur-
rently can not give a closed-form formula to calculate
the maximum delay, though it can be determined re-
cursively [WWLO03]. Currently, we are also investi-
gating how to manage automatic parameterization of
the system for a given application and its real-time
requirements. As a final goal we strive to solve the
optimum configuring of adaptive reservation systems,
for given load scenarios and given QoS requirements.

5 Sample configurations of

threshold systems

The main goal is to evaluate how well applications’
real-time constraints can be guaranteed by using the
proposed threshold systems in combination with dif-
ferent load estimation functions. In this section we
present results obtained for some sample configura-
tions. We define three models M1, M2, and M3 as
2-state, 4-state, and 9-state threshold system respec-
tively, M2 is shown in the right picture of Figure 2

by way of example.

0.30

M1=TS ((0.5, 1); ( o

0.20 0.45 0.70
M2 =TS | (0.25,0.5,0.75, 1); 312 gzi 3:3
0.10 0.35 0.60

M3=1TS5|{(0.2,0.3,04,0.5,0.6,0.7,0.8,0.9, 1);
0.15 0.25 0.35 045 0.55 0.65 0.75 0.85
0.10 0.25 0.35 0.45 0.55 0.65 0.75 0.85
0.10 0.20 0.35 0.45 0.55 0.65 0.75 0.85
0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

We studied node and network behavior for several
real-time streams. One typical example is the stream
that originates from the two superimposed MPEG-
streams of the movies Jurassic Park and Mr. Bean
[Wol00]. This stream lasts about 60 minutes and we
chose an appropriate value for the interval length At
between the load measurements, namely At = 40ms.
We then calculated the behavior for different levels
of reserved transmission capacity. The left diagram
in Figure 3 shows the share of the reserved band-
width which could be utilized by the overall network
by means of adaptive resource redistribution with dif-
ferent load estimators and with our three models as
chosen by way of example. The white bar indicates
how much of the reserved resources are utilized by the
video stream itself. The additional resource utiliza-
tion is gained by the resource redistribution system.
It can be seen that model M3, for example, makes it
possible for the network to use virtually 90% of this
stream’s reserved resources though the stream itself
uses only about 30%. In this study we neglect the
effects of the signaling procedures. Nevertheless, the
average rate of messages sent for freeing and recall-
ing bandwidth are depicted by the squares in the left
diagram of Figure 3.

As drawback, the resource redistribution induces ad-
ditional delays. These delays depend on the choice
of load estimator and threshold system. The bars in
the right diagram of Figure 3 indicate the maximum
additional delays in milliseconds that occur during
the whole 60 minutes stream. Furthermore the mean
delays are given with their 95% confidence intervals.
At least for models M1 and M2 the confidence in-
tervals are quite narrow, which indicates that large
delays appear rarely and that delays are expected to
be in the range of about 5 - 15ms. That is what most
applications could tolerate even when once in a while
larger delays would appear. Of course the level of tol-
erance depends on the individual application. There-
fore, it is an important task for further studies to get
still better understanding regarding the dependencies
between the parameterization and to provide mecha-
nisms for adopting these parameters to the needs of
applications.
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6 Summary and future work

In this paper, we have highlighted how the efficiency
of reservation strategies that execute some fixed re-
source reservations can be increased, in particular
with regard to distributed applications. On the one
hand, we have proposed two classes of parameterized
weight functions for calculating estimates of the ac-
tual load as induced by the connections for which
resource reservations have been established for the
present. On the other hand, we have introduced a
system of load thresholds in order to reduce the up-
date traffic for exchanging control information the
purpose of which is to hand over free bandwidth
and to recall own resources between the stations of
a broadcast network. We have demonstrated how
weight functions and threshold systems can be com-
bined. Additional studies have provided the encour-
aging result that in practice, i.e. for realistic load
scenarios, the efficiency to be expected for our pro-
posal to execute dynamic and load-adaptive resource
reservations will significantly decrease the sacrifice of
a priori reserved capacity.

One important task for further studies is to get still
better understanding regarding the dependencies be-
tween the parameterization and to provide mecha-
nisms for adopting these parameters to the needs
of applications, at best in a largely automatic way.
Moreover, we are currently working on a simulation
prototype for additional analyses of overall network
behavior, in particular to investigate wireless commu-
nication scenarios regarding distributed applications.

Also, we have planned to extend the study to alter-
nate workload estimators, e.g., as an alternative to
observing utilization, one could observe the current
backlog and base resource redistribution on this esti-
mate.
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