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Abstract— Mobile multimedia applications have QoS require-
ments; resource provisioning algorithms utilize current system re-
source availability information to ensure that these applications
meet their QoS requirements. Information collection algorithms
collect and maintain current system resource information and are
vital in performing efficient resource provisioning. In this paper,
we present a cost-driven approach to the information collection
preblem for mobile environments. Our approach aggregates mo-
bility patterns of mobile hosts and tries to minimize the overhead
involved in the collection process. We compare its performance
with existing techniques for collecting system state information.

Keywords— information collection; resource provisioning; ag-
gregation mobility model.

I. INTRODUCTION

In the future, we are likely to see a tremendous rise in mo-
bile computing and communications as ubiquitous applications
incorporate multimedia information. Achieving an advanced
level of tetherless mobile multimedia services requires (1)the
development of a wireless network that supports the integrated
multimedia services; and (2) the development of intelligent net-
work management middleware services that can provide agile
interfaces 10 mobile multimedia services. Prior work has fo-
cused on protocols for mobility management for various types
of wireless architectures. Our objective is to provide support for
mobility and Quality of Service management (QoS) at the mid-
dleware layer independent of the underlying specific network
architecture.

To ensure the QoS requirements of mobile multimedia ap-
plications and allow more concurrent mobile hosts, resource
provisioning techniques are employed to allocate suitable re-
sources for each incoming request. Information required for
efficient QoS provisioning includes an accurate representation
of resource state information. There exists an inherent tradeoff
between information accuracy and system performance. More
accurate information leads to better QoS provisioning, however,
higher overhead is introduced to maintain the accuracy. In our
previous work, we have studied approaches for information col-
lection in non-mobile environments [3].

In this paper, we present a cost-driven approach to design-
ing an information collection framework for mobile environ-
ments that addresses the cost/quality tradeoff. Specifically, we
characterize the cost involved in each step of the collection pro-
cess. Incorporating detailed information about each of these
costs into the collection process can be time consuming and
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resource-intensive in itself. We analyze the possibilities to re-
duce the cost of information collection without degrading the
overall QoS delivered by the system. We compare existing ap-
proaches with our cost driven approach for network and server
related infermation under different levels of host mobility and
user request patterns, Our results are used in the development of
an adaptive information collection framework AutoSeC (Aute-
matic Service Composition} [3] that determines (a} which infor-
mation collection policies to use for specific data elements col-
lected and (b} techniques for determining when the deployed in-
formation collection mechanisms must be modified or switched
based on user requirements and host characteristics.

The rest of this paper is organized as follows. Section II
describes the overall architecture of the system with a focus
on the middleware components, briefly presents the previous
approaches to information collection. In Section III, we pro-
pose a cost driven approach to information collection CDIC and
present its optimized variation Opt-CDIC. We present a com-
parative performance evaluation of various information collec-
tion algorithms in Section IV and analyze the obtained resulis.
‘We conclude with future research directions in Section V.

II. INFORMATION COLLECTION FRAMEWORK

An information collection architecture suited for mobile mul-
timedia environments shown in Figure 1 consists of three com-
ponents:

® Information Source: This corresponds to the managed en-
tity, such as the server, link , mobile host or stationary host, In
our system, we use the directory service to hold system state
information about information sources. This state information
includes network parameters( such as residual link bandwidth,
end-to-end delay on links etc.), server parameters ( such as
CPU utilization, buffer capacity, disk bandwidth, etc.), and mo-
bile host parameters (such as mobile host location, connectivity,
power level etc. ).

& Information Consumer: This module consumes data col-
lected from the information sources (stored in the directory ser-
vice) for application and system level tasks. For instance, re-
source provisioning modules consume information about net-
work and system status to perform admission control and re-
source allocation.

e Information Mediator: This module serves as the decision
point of the information collection. It listens to notifications
from sources or consumers and invokes suitable actions so that
the directory service maintains information at a suitable level
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of accuracy satisfactory to the consumers. It initiates sampling
at pre-defined sampling frequency and decide policies te alter
sampling frequency suitably,
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Fig. 1. Information Collection System Architecture

We have studied the impact of combining several informa-
tion collection policies ( snapshot based, static range based,
throttle based and time series driven dynamic range based ap-
proaches) with resource provisioning techniques under vary-
ing network/server conditions and different application work-
loads [3}. Furthermore, initial studies on information collec-
tion for mobile environments indicate that an aggregation based
approach [4] (where we use the total number of mobile hosts
to drive information collection) cutperforms those strategies
suitable for non-mobile environments. We define a Gener-
alized Aggregation Based Information Collection (Gen-ABIC}
approach that uses a range R with an upper bound IF and a
lower bound L to represent the monitored parameter in the di-
rectory service. To begin with, we first partition the under-
lying topology into non-overlapping regions. Each region is
equipped with a collection point that accumulates all the state
information of the mobile hosts, servers, links for that region.
The Gen-ABIC algorithm consists of two phases: Phase 1 de-
rives the aggregate mobility patterns from individual user mo-
bility patterns and utilizes the aggregation status and current re-
source utilization status to adjust the collection parameters such
as sampling frequency and range size; Phase 2 utilizes feedback
from the sources and the consumers (the resource provisioning
process in our case) for further customization of the collection
process. Every source (managed entity) maintains the current
exact value and the approximation held in the directory ser-
vice. When the current value at the soutrce changes unexpect-
edly and falls outstde of the current range, a source-initiated
trigger 1s issued to the information mediator for future action.
The feedback from the information consumer may indicate that
the current range is not accurate enough to make decisions, this
causes a consumer-initiated trigger. The information mediator
responds by collecting more accurate information.

The CDIC Algorithm:
lphase I: aggregation driven coarse-grained adjustment of
! collection parameters (invoked periodically)

compute host aggregation level;

compute resource utilization level;

switch(resource utilization)

case high: set SF and R to be minimum;

case low: set §F and R to be minimum;

case medium: increase/decrease SF and R
based on current aggregation level;

}

/iphase 2: fine-grained adjustment of range size
gvery certain time period:
compute R based on Equation 1.

Fig. 2. The CDEC Algorithm

III. COST DRIVEN INFORMATION
COLLECTION(CDIC)

In this section, we analyze the cost factors involved in 2
generic information collection process. For instance, servic-
ing and managing source and consumer initiated triggers can
be quite expensive; for applications such as resource provision-
ing, this overhead may even be unnecessary. Careful study of a
generic information collection process reveals that the commu-
nication cost involved in the whole process consists of:

» regular sampling overhead C,,: from probing messages
issued by the mediator to sources;

o regular update overhead C,,,: from the update messages
which report current source values to the mediator and update
directory service with the new values.

» source/consumer-initiated trigger overhead Cy and Gy
from the sources/consumers to the mediator that can potentially
cause range expansion and tightening.

» source/consumer-initiated directory update overhead Cg,
and C,,,: this comes from the messages sent by the mediator to
update the directory service with the new range.

We characterize the total cost as the sum of the above costs.
For simplicity, we assume the cost of information collection
is proportional to the sum of the number of regular sam-
plings Ny, regular updates N,,,, source-initiated triggers Ny,
consumer-initiated triggers N4, source-initiated directory ser-
vice updates N, and consumer-initiated directory service up-
dates V... So the total overhead is simplified to be

Ciotal = Neg + Npy + Nog + Nop + Now + N

The cost measurement can be used in optimizing any in-
formation collection process. We illustrate how such a cost
analysis can improve the performance of Gen-ABIC. As we
can see, in Gen-ABIC, both types of triggers/updates (source-
and consumer-initiated) provide an opportunity for the infor-
mation mediator to adjust the range size in the directory ser-
vice. The objective in selecting a good range size is to avoid
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the need for future updates since we want to minimize the
communication cost. To avoid source-initiated triggers and up-
dates, the range size should be big enough to make it unlikely
that changes of the source value will exceed the range; On the
other hand to avoid consumer-initiated triggers and updates, the
range size should be small enough to provide accurate enough
information for consumer to make decisions. Since decreas-
ing the probability of one type of trigger and update increases
the probability of the other type, it is not obvious how best to
choose a range size that minimizes the total probability that
an update is required. In addition, the number of regular up-
dates is dependent upon the sampling frequency. Therefore,
te minimize the communication cost, we need to minimize the
cost of both types of triggers and updates, i.e., to minimize
= Cyt + Cet + Cou + Cou. Let Py, Pou, Py, Poy, repre-
sent the probability of source-initiated trigger, source-initiated
update, consumer-initiated trigger, consumer-initiated update.
Intuitively, Py and Py, increases with a smaller range size
R, while Py and P, decreases with a smaller . Based on
previous studies [5], for a given R, we have P,y = K,;/H2,
Py, = K@'u/st Py = Ky R, Py = Koo - R, where Ky,
Ky, K¢t and K, are model parameters that depend on the na-
ture of the source and the frequency of consumer requests and
the distribution of consumer requirements. Based on these, we
can re-write the cost expression as follows:

Q=Cat'Pat+Csu'Pau+Cct'Pct+Ccu'Pcu

1= Cat'Kst/R2+Csu'Kau/R2 +Cct'Kct'R+Ccu'KCU‘R-

Cur goal then is to find the value for R that minimizes this
expression, which is achieved by finding the root of the deriva-
tive. Using this approach, the optimal value for R is

2- (Cat * Knt -+ Csu - Kuu))l/s
Cct ) Kct + Ccu ' Kcu '

( )
However, setting the range size based on this formula is not
easy unless source change behaviors and application workloads
are stable and known in advance since the model parameters de-
pend on these factors. One approach is to monitor these factors
at run-time to set K¢, Kpu, Ko and Ky, appropriately. Unfor-
tunately, we observe that this monitoring complexity or over-
head affects the system performance to a great extent. There-
fore, we would like to evaluate the possibilities of decreasing
the communication cost without sacrificing overali QoS.

A. The CDIC Algorithm

Figure 2 is the CDIC algorithm. In this algorithm, there are
tweo parameters based on which the collection process adjusts
the sampling frequency and range size: (a) mobile host aggre-
gation level and (b) resource utilization level.

» Mobile Host Aggregation A;(t): It is the number of mo-
bile hosts in region 1 at certain time period t. We derive aggre-
gate mobility from individual host mobility model. We use the

incremental mobility model [2] to characterize individual host
mobility. In this model, mobile hosts are distributed randomly
and move freely in a closed coverage area. The movement of
the mobile host is represented by its velacity vector @ = (v, §),
where v is the speed and # is its direction. The location of the
mabile host (z,y) and its velocity ¥ are updated periodically
every dt time units as follows:

u(t + 8t) = min[maz(v(t} + §v,0), Vinaz]
8(t + &t) = 6(t) + 6.

where Vinge 15 the maximal mobile velocity; dv, the velogity
change is uniformly distributed within (— A4z - 0t, Arpqz -68),
Az i the maximum acceleration/deceleration of the mobile
host. 86 is the change in the mobile host’s direction and is uni-
formly distributed in (-« - 6¢, & - §t), where « is the maximal
angular change of the mobile host’s direction per unit {ime.
Mobile hosts are distributed randomly and move freely in
a closed coverage area with the size of (Xnar, Ymaz) which
is divided into many non-overlapping equal sized regions with
the size of (X egion, Yregion). Each region has a collection
point (¢.g. base station) that serves as the wired network access
point for all the mobile hosts in its controlled region. If we
let Xgim = fx—):ﬁ‘:-::'l and Ygim = [%ﬁﬁ;], then there are
Nregion = Xaim - Yyim regions in the area. Mobile hosts
either move or stop in this area, the population/aggregation in
each region changes all the time and can be captured. Ata

certain time ¢, a mobile host located at (2(¢), y(t)) is in region
Xdirn - [—Jé%):] + [#z%):'l At time £, the aggregation of
region 4 is the number of mobile hosts located in region ¢, i.e.,
the cardinality of the set of the mobile hosts who are in this

region.

A = 111222 = i mod Xaim, [$28-1 = 5.

Kregion Yregion Xdim

We classify the aggregation level AL(t) of region i as being
one of the three levels high, medium and low as follows:

High if Ai(t) 2 Npn /8
Medium  if N /Nregion < Ai(t) < Ny /8
Low if A;(t) < th/N,-eg,'an

ALi(t) =

where N, is the total number of mobile hosts in the system.
* Resonrce Utilization Factor U F: It is the percentage of oc-
cupied resources, i.e., the ratio of resources used to the resource
capacity. Similarly, we classify resource utilization level into
level of high, medium and low as follows:

High fUF{t) > 0.9
UL(t) = { Medium if0.4 <UF(t)<0.9
Low fUF(t) < 0.4

We utilize the mobile host aggregation level and resource uti-
lization factor to adjust the collection parameters of sampling
frequency and range size.
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B. Optimization of the Collectio Process (Opt-CDIC)

In Opt-CDIC, wé further reduce the communication over-
head by using two techniques: selective triggering and lazy
sampling.
eSelective Triggering: The triggering process can be signifi-
cantly optimized to suit the needs of information consumer, the
resource provisioning process in our case. Consumer initiated
triggers are used when the consumer determines that the level
of accuracy of the data supplied is insufficient. Such consumer
initiated triggers are impractical in the case of link related in-
formation due to the following reasons: (a) QoS-based routing
techniques select a path based on aggregate link characteristics,
hence it is difficult to determine whether more accurate infor-
mation is needed for links on an individual basis (b) since the
number of links can be large, custornizing the collection pro-
cess on a per-link basis is not a scalable proposition.

Furthermore, we observe that consumer initiated triggers
may be necessary only when the required resources for a re-
quest closely match the available resources (if there are ample
available resources, the request is likely te be accepted any-
way). In such a case, we can assume that the server or the
network is overloaded; at this time, there is a high likehhood
that incoming requests are rejected; hence maintaining accu-
rate directory information will have little use. For the above
reasons, we expect that tuming off consumer-initiated triggers
and updates would not degrade QoS-provisioning performance
very much; On the other hand, the collection overhead can be
significantly decreased.
eLazy Sampling: Once consumer-initiated triggers and up-
dates are eliminated, the directory service meodifications can
only be driven by the regular probing process or by source-
initiated triggers. To further reduce communication overhead,
we apply lazy sampling strategies that can decrease the prob-
ing cost even more. The sampling frequency can be reduced
in two cases (a) If the number of source-initiated triggers N
in a given period is less than a predetermined value T H 5, we
can infer that the current approximation of the source value is
reasonable (i.e., the source value does not change very dramat-
ically), therefore we can reduce the sampling frequency; (b)if
the range is relaxed to exceed a certain value (1/4 of the max-
ima Ry, as indicated in our experiments), it is likely that the
range is large enough to accommodate reasonable changes in
the source value, hence we can reduce the sampling frequency.
In both cases, we decrease the sampling frequency.

By combining these two optimization strategies, we enhance
the phase II of theCDIC algorithm.

IV. PERFORMANCE EVALUATION

The goal of our simulation is to evaluate and compare per-
formance of resource provisioning under various information
collection policies. In the simulation, we use the typical ISP
network topology with 18 nodes and 30 links [4] .

Request and Traffic Generation Model: We model request
arrival at the source nodes as a Poisson distribution, and the

request holding time is exponentially distributed with a pre-
specified average value. We pre-define a set of client request
templates to capture typical multimedia connection request pat-
terns in terms of network bandwidth, CPU, memory, disk band-
width and end-to-end delay. For each request generated, the
requested parameters are randomly selected from the set of
request templates, with the mean requested bandwidth being
2.5Mbps, mean end-to-end-delay being 400ms and CPU, mem-
ory and disk bandwidth being 150, 374 and 271 calibrated units
respectively. To represent non-uniform traffic, we designate
some sets of candidate destinations as being “hot”, (i.e. serv-
ing pepular videos, web sites etc), and they are selected by
the clients more frequently than others. To reduce the effect
of local and nearby requests, we choose three pairs of source-
destination sets from the topology. The requests arrive to these
hot pairs, as foreground traffic, at a higher rate than other back-
ground traffic. In our non-uniform traffic pattem, we set the
foreground arrival rate to be 5 times higher than the background
rate and in uniform traffic, we set them to be equal to each other.
Specifically we set the foreground arrival rate to be 10 seconds,
and the background rate to 50 seconds.

Simulation Seenarios: We study the performance of the
three information collection policies {(Gen-ABIC, CDIC, Opt-
CDIC) under different conditions of mobility. In this simu-
lation, we set Vipar = 65mph, Amez = 0.9meter/sec?,
a = 0.1745radian/sec. We model two levels of mebility:
high mobility and low mobility. With high mobility, the ve-
locity change (8v and 68) is twice that of low mobility. Two
request patterns described above are considered: uniform traf-
fic and non-uniform traffic. Four different cases we studied in
this paper are: HM-UT{High Mobility, Uniform Traffic), HM-
NUT{High Mobility, Non-uniform Traffic), LM-UT(Low Mo-
bility, Uniform Traffic), LM-NUT(Lew Mobility, Non-uniform
Traffic).

Simulation Results: We analyze the impact of informa-
tion collection mechanisms on the overall resource provision-
ing performance. The provisioning mechanism used here is
a Composite Path and Server Selection (CPSS) technique [1].
CPSS deals with path and server selection in a unified way, al-
lows load balancing not only among replicated servers, but also
among network links to maximize the request success ratio and .
system throughput. However, our algorithms are not limited
to CPSS and they can also be applied to other resource provi-
sioning processes in a similar way. Performance metrics used
include the completion ratio (the ratio of the number of com-
pleted requests to the total number of requests), overhead and
overall efficiency (the ratio of the number of completed requests
to the overhead).

Figure 3 shows the performance of the three policies for
collecting network and server information under high mobil-
ity and non-uniform traffic. We observe that the completion
ratio of Gen-ABIC is marginally higher than that of Opt-CDIC
but much higher than that of CDIC. As expected, with an in-
crease of the number of requests in the system, the completion
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Fig. 4. Collection Policies for Network and Server Information under Low Mohbility and uniform Traffic

ratio decreases. We also observe that the overhead of CDIC
is the highest and the overhead of Opt-CDIC is the lowest. Al-
though CDIC is expected to perform well theoretically, an accu-
rate relationship between the number of triggers and the range
size is difficult to capture in practice, hence the increased over-
head. By combining the completion ratio and overhead, Fig-
ure 3C shows the overall efficiency. Opt-CDIC exhibits much
higher efficiency than the other two policies due to its low over-
head. We also studied the performance under the other scenar-
10s: HM-UT, LM-UT (see Figure 4) and LM-NUT. The results
obtained are similiar to the HM-NUT case.

We conclude from our studies that a coarse assignment of
collection parameters (e.g. sampling frequency and range size)
is adequate to render satisfactory completion ratios under most
traffic workloads and mobility patterns. Adding source and
consumer-initiated triggers and updates makes the collection
process more complex and increases overhead without signif-
icantly increasing the completion ratio. Optimizations such as
turning off consumer-initiated triggering and selectively issuing
source-initiated triggers help reduce overhead to a great extent
without lowering the completion ratio. In summary, Opt-CDIC
is a desirable strategy to collect network and server information
in mobile environments.

V. CONCLUSIONS

In this paper, we propose a cost-driven approach to collecting
information about system components in mobile environments.
We are currently developing a scalable information collection
architecture suitable for wide-area environments that incorpo-
rates distributed directory services. We believe that adaptation
must be incorporated in every component of a QoS-based ap-
plication infrastructure, Customizable middleware frameworks
such as that presented in this paper is key to ensuring system
performance while delivering user QoS for multimedia appli-
cations in mobile environments.
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