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Abstract describe an intelligent frame-dropping filter (service) that
adapts a video stream. Fontana [5] implements a network-

Active services are application-specified programs that based video multicast service.
are executed inside the network. The location where the These projects focus on the usage of the active services
active service is executed plays an important role. The dy-and evaluate their work with respect to the application qual-
namic behavior of networks requires that the selection of the ity. They are able to show the benefit of the active services
most suitable location to instantiate a service is done at run under some conditions. One of these conditions is the cor-
time. To dynamically place an active service, information rect placement of the service. Fox et al. [6] state that the
about the network (topology, bandwidth) and application adaptive filter must be placed before atleneck and not
(type of the service) is necessary. after. Similarly, a multicast filter must be placed where two

This paper describes a method to dynamically search for data streams separate. However, none of these projects has
available active service locations in the Internet. To be de- addressed the problem of correctly placing a service in a
ployed in the current Internet, a solution is required to (i) real network. They assume that they know the location of
scale well to large networks, (i) to demand as little changes the bottleneck and they assume that the bottleneck stays at
to the Internet as possible, especially not at lower network the same place. The latter assumption may be true for con-
layers. Finally, the solution must be flexible and customiz- nections that include wireless or modem links, but it is not
able to take application requirements into account. true in general.

The proposed solution makes use of the routing path be- To place an active service, information about the net-
tween two endsystems. Active service locations that arework and the application is needed. The network informa-
located close to the routing path are then found via DNS tion includes available locations where active services can
gueries. be instantiated (assuming that not all nodes in a network of-

The evaluation shows that the application pays an over- fer this possibility) and information about the available re-
head at startup time. For applications that can tolerate a sources (e.g., the available bandwidth between such nodes).
startup delay, we show with two experiments using a videoApplication knowledge is needed because the type of ser-
application that the quality of the application can be in- vice and the requirements of a particular application deter-

creased by dynamic p|acement of active services. mine the correct place of a service. The location Strategy
for a service of an adaptive type is different from that of a

multicast services. And while the available bandwidth may
be sufficient for one movie, another movie may require the
placement of an adaptive service before #lbneck.

Learning about active service locations and selecting the

Active services are application-specific programs that most suitable location is far from easy, unless a service
are executed on special-purpose nodes within a network [2]. management system is available for active services. Pre-
Several types of active services, e.g., adaptive and mul-vious efforts in defining such systems such as Jini [11] or
ticast services, have been presented for different types ofSLP [8], have focused on local area networks or have not
applications in previous work. Fox et al. [6] describe an yet been deployed widely. These architectures are hard to
adaptive (transcoding) proxy for images. Hemy et al. [9] deploy in large and dynamic networks, such as the Inter-

1 Introduction



net: they often scale badly to a large number of nodes, andem of the location selection is therefore to take application-
fluctuations in the resource availability make it difficult to and network-parameters into account and select a service
keep the resource information accurate. Nevertheless, thdocation at run time.

Internet is an excellent target for the deployment of active  The process of location selection is transparent to the ap-
services. In contrast to local area networks, where the re-plication. Lessons learnt from Remos [4] show that itis pos-
source availability is often sufficient, the Internet is often sible and desirable to clearly separate networks and applica-
the bottleneck in an application. Any solution to location tions. First, it is much easier to integrate new applications
selection in the Internet must therefore be (i) scalable, i.e.f the application does not have to deal with the details of
the needed information must be retrieved quickly even if networks. To integrate Web applications, e.g., a system that
there is a large number of nodes involved, and (ii) practica- supports the location selection should offer an interface that
ble, i.e. the solution should only use information and tools accepts a URL and returns a new URL that contains one or
that are currently available. If such a solution was available, more active service locations. Second, no difference should
more information about the usage of active services couldbe visible to the application whether it works on a LAN or
be gained. Without such a solution, the benefit of active a WAN, although the mechanisms that search for available
services cannot be assessed. services may be very different.

The paper is organized as follows: Section 2 presentsthe  The paper concentrates on the location selection when
problem of locating services in more detail. It introduces gp application starts up. The idea is similar to server se-
the mostimportant definitions, our network and application |ection: before the application transmits the data, it checks
model and the assumptions we make. In Section 3, our pathfor available service locations, instantiates them and only
based approach for finding service locations and selectingthen starts the transmission. However, the idea of location

the most suited location is presented. The solution is eval-selection is not limited to this scenario. If the application
uated in Section 5. After a discussion of related work, we ryns |onger than just a few seconds, it is possible that the

conclude in Section 7. resource availability changes. The application may then be
forced to change the service location. If, e.g., the bottleneck
2 Locating Services of a connection shifts, a new location for an active service

must be searched. One such scenario for multimedia appli-

Before an application can use active services, it must Cations is aynamic handoff of streanj$0]. The applica-
search for available locations on which active services cantion is forced to switch from a low-bandwidth connection to

be instantiated, and it must select the most suited location if® €W one that offers better performance. A change at run-
several locations are available. time may also be necessary for multicast applications: when

The problem of locating active service locations in lo- a new client joins an exiting transmission, a new multicast

cal area networks has been addressed and several protocofS!Vice may be instantiated. _
have resulted from these efforts, e.g., SLP [8] or Jini [11]. One of the challenges is to present a solution to select ac-
Jini manages not only services, but an application can alsdlive service locations in the Internet although there exist no
define search criteria. This feature could be used to selecgPecialized nodes that support active services. We therefore
the most suitable service location. However, these solutionsTake several assumptions and simplifications; they have to
are not well suited for large networks, mainly because they be revisited once active service nodes become widely avail-
use multicast or broadcast mechanisms, and these mechable.
nisms do not work well in the Internet. First, we model active service locations by endsystems.
The selection of the most suited active service location Because it is unlikely that there will be a time when all
depends on parameters that are purely application specificnodes in the Internet offer active services, we require that
Different service types require different strategies to place active service nodes can be distinguished from other nodes.
the filter: a multicast filter is placed where two data stream We assume that active service locations have a special host
diverge, whereas the placement of an adaptive filter depend$iame or a particular IP.
on the bottleneck of a connection. In addition, some pa- Second, we assume that these nodes are located close to
rameters depend on constraints that are only known at runthe routers, but not on the routers. By closeness we mean
time. The placement of a nticast filter depends on the that the connection between the active service host and the
actual distribution tree. The placement of an adaptive fil- router provides high bandwidth and low latency compared
ter may depend on the bandwidth requirements of the ap-to the performance of the connections to the Internet. There
plication. Different videos, e.g., have different bandwidth are several reasons for not putting active services on the
requirements. While the network may satisfy the require- router. First, it would require a change in the Internet archi-
ments of one movie, it may not be sufficient for another. In tecture. Itis much easier to hook in new nodes than chang-
the first case, no adaptive service is needed at all. The probing the existing routers. Second, active services may use up



resources that are then no longer available for routing. Thefound that often provide better performance than the rout-
routing performance is one of the important factors of the ing path. One way to take application-specific metrics into
Internet performance and must not be reduced by the activeaccount would be to construct alternate paths as outlined by
services. Finally, several active service nodes may be at-Savage et al: an alternate path is constructed by concatenat-
tached to a single router to increase the capacity for activeing two paths. However, in contrast to this approach, since
services. It is easier to attach such a cluster to the routerthere exist active service nodes, the node that connects the
than having multiple routers. Having multiple routers that two paths can be placed inside the network. These services
may be traversed in sequence may slow down the transmiseould also provide support for application-specific metrics,
sion as well. Following the definition of [14], we call such such as bandwidth measurements.

a cluster acloud The second problem is that metrics such as bandwidth
and latency tend to vary. It is therefore hard to find the opti-
3 Location Selection mal path. In the search for active service locations a tradeoff

must be found between the search time and the quality of lo-
cation that is finally selected. If the application runs for a
long time, a longer search time may be considered.

Figure 1(b) sketches the situation after the path discov-
ery. For reason of simplicity, not all routers are shown. One
observation is that no active service locations are available
the application. Therefore, when an application starts up aftc—_zr the pz_;lth discqvery because we have required that the

' . 'active service locations must not be located on routers. The

Its view of the netyvor_k Is that of a black_ box, as depicted lack of nodes that offer active services must be addressed in
in Figure 1(a). This figure shows two clients that want to a next step

download data from a server. Such a scenario could be a
teleteaching session or a video Itizast session. . . .
The first problem in the location selection is to get in- 3:2 Service Location Discovery
formation about the available active service locations in the
network. In a local area network, it is possible that some  From the path nodes, the application must find the ac-
system is available that hosts this information. Extending tive service locations that are close to the routers, i.e., that
such a system to manage services in the whole Internet igoelong to the same cloud.
likely to fail for scalability reasons. Clouds can be implemented in various ways. To imple-
Scanning the whole Internet for available locations is un- ment the clouds, we make use of the Domain Name System
realistic. First, because it takes too long for the scan, and(DNS). Although the DNS is a purely organizational col-
second, the time to select the most suited location is likely lection of hosts and is not based on performance metrics,
to scale with the number of locations that are available. For the hosts within a domain usually have a better connectivity
these two reasons the search space must be limited to thahan to the Internet.
part of a network that is of interest to the application. The use of the DNS system has several advantages. First,
As indicated in Figure 1(a), the application is mostinter- the DNS provides all functionality needed to find active ser-
ested in that part of the network that lies between the appli-vice locations close to the path. For each router, the corre-
cation components (server, clients). Nodes that lie "behind” sponding cloud must be found. DNS allows to query the
the server or the client are not of interest. domain of a network node by its node name or the IP. Simi-
One way to span the search space for active service lodarly, all nodes that belong to a certain domain can be listed
cations between two endsystems is to follow the routing as well. Because we require that the active sermioges
path. The routing path can be detected from the endsys-can be recognized by the hostname or the IP, these special
tems and therefore provides a practical solution. It also hasnodes can easily be filtered out from the DNS reply. Second,
other advantages. The routing path is usually the shortesbecause the deition of a cloud does not rely on dynamic
connection between two endsystems in terms of the numbeiparameters, no dynamic measurements of the closeness are
of hops. Itis therefore guaranteed to be a scalable solutiomecessary and the networks are less loaded. In contrast to
(the average path length is almost independent of the size othe paths, which vary over time and for each application,
the Internet), and the information can be retrieved quickly. the location of the active service locations within a network
However, there are two drawbacks that must be takendo not change often. A management system for active ser-
into account. First, applications are usually interested vices within a LAN is therefore more feasible than for the
in high-bandwidth or low-latency connections. These Internet. Another advantage is thatthe DNS system s set up
application-specific metrics are not considered in the packethierarchically. These hierarchies allow the definition of dif-
routing. Savage et al. [15] show that alternate paths can bderent levels of closeness. When no active service location

3.1 Path Discovery

The original design philosophy of the Internet was to
clearly separate the endsystems from the network. A net-
work and its task, the data transport, should be hidden from
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Figure 1. The four phases of the location selection.

can be found close to a router, the next hierarchy level can
be considered. In addition, the hierarchy limits the number
of nodes that can be found with a single query. The avail-
able locations can be found faster, and the final selection ofpath = trace(source, destination);
the most suited active service location is faster if the numberfor each hop in path {
of nodes is kept smaller. domain = DNS.map(hop);
if (domain==null) path.remove(hop);
In Figure 1(c), the situation after the service location dis-  else path.replace(hop, domain);
covery is shown. Active service locations that are available }
close to the routers are visible. The number of these loca-for each domain in path {

tions may vary from cloud to cloud. nodelist = DNS.list_nodes(domain);
services = filter(nodelist);

Figure 2 sketches the algorithm of the path and the ser- Path.replace(domain, services);
vice location discovery. After the path discovery, every }
router is replaced by the cormnding domain. Nodes
without an entry in the DNS are removed. Theagch do-
main is queried for the nodes in its domain and the nodes
that provide active services are extracted. Finally, the do-
main is replaced by the active servicedes. The result of
the service location discovery is a graph-like structure.

Figure 2. Algorithm for resource discovery.



3.3 Service Selection and B, to client 2 via A and C. While searching the shortest
paths, cloud A is identified to be the location for a multicast

The previous steps in the resource selection are inde_se_rvi(_:e. If more than_one location is available, additional
pendent of the application. The selection of the most criteria may be taken into account, such as the load on the

suited location to instantiate an active service depends or0de. In addition to the multicast service, an adaptive ser-
application-specific information. To select a node, the graph Vice must be placed at cloud C to adapt to the slow link from
is first traversed to find the shortest path between two peersoud € to client 2.
The metric that is used to label the links depends on the
application requirements. Bandwidth is probably the most
often used metric, but the error rate for wireless connections
or jitter for multimedia applications may also be used.
Depending on the metric and the implementation of the
previous phases, not all information may be available. Our
implementation, e.g., only measures the latency of the links
directly. To label the links with the available bandwidth,
additional measurements are necessary. The measuremeni.
must be done only at a cloud level, but not for every sin-

4 Implementation

The proposed algorithms have been implemented as fol-
lows: the path discovery and the service location discov-
ery have been implemented as an extension to the Remos
stem [4]. Remos consists of collectors that are respon-
le for gathering information about the network topology
and the available resources. Different collectors are avail-

o s e v A [0 oE) s neviors (sing SNIP) and e re
P networks (using traceroute and nettest). The information

range, compared to the inter-cloud connections. This sim-.

o is merged into a graph-like structure by a modeler. Remos
pl|f|cat|on reduces the_ load on the n_etwork and the nOdes’has been extended to map routers to clouds and to replace
is faster than measuring the bandwidth to every node and

I clouds by the active service locations.
allows applications that share the same path to share the y ) )
A small framework on top of Remos is responsible for

bandwidth information. : ’ : -
After the labeling of the links, a shortest path algorithm the selecho_n of the most suited service I_ocann. The frame-
is used to find the path that best matches the requirement ork contains the graph traversal algorithms as well as Se-
ectors for adaptive and multicast service locations. Addi-

of the application. The service locations are then typically | select iiv be impl ted for oth :
chosen on these paths. Another application-specific param{0Nal selectors can easily be implemented for other service

eter, namely type of the service, plays an important role for location strategies.
the placement. To place an adaptive filter, thilboeck of The collaboration of this framework and Remos has been
the path is identified and the service is instantiated at theimplemented slightly different from the described algorithm
closest location before the bottleneck. Theoretically, any for efficiency reason. After the path discovery and the map-
node before the bottleneck could be used, but the locationping of the routers to the domains, not all domains are im-
that is closest to the bottleneck has two advantages: firstmediately searched for active service locations. Then, in
adaptive filters are often feedback based. The feedback looggontrast to the description, a first selection is performed at
is smaller if the filter is close to the bottleneck. Thisgs- the cloud level, i.e., the resources are measured between the
ment increases the responsiveness of the filter. Second, iflouds, the shortest path is calculated and the cloud where
the data is multicasted or cached (at setup time or also later)the service should be@ted is determined. Only this cloud
the data stream is transmitted at the highest quality up to the's then queried for available service locations. This change
bottleneck. If the multicast service is instantiated before the in the algorithm improves the performance in two ways.
bottleneck, it eceives the best available djtya To place a First, the shortest path algorithm is faster because the num-
multicast service, the shortest paths are traversed from thder of nodes (the clouds) is smaller than the number of ac-
server towards the clients until the two streams separatelive service locations. Second, not all clouds are queried for
For efficiency reason, the selection of the service locationthe available service locations.
can be combined with the graph traversal for the shortest Finally, two existing applications have been extended to
path. use active services: a video application that consists of a
Figure 1(d) shows the result after the placement of the multicast service and an adaptive frame-dropping filter [9,
services. As indicated by the thin line, the resource mea-5] and an image application that contains an image filter,
surements have shown that the connection between cloudimilar to the filter presented by Fox et al. [6]. The only
C and client 2 has a low quality. The graph, formed after extension to the applications are the call to the framework
the location discovery, has been traversed from the serveiin which the URL and the desired metric for the evaluation
to each client and the shortest paths have been calculatedare passed. After the evaluation, the system returned a new
Obviously, the shortest path to client 1 goes via clouds A URL that contained the additional service locations.



Path DNS mapping Graph eval

Client time (s) | hops | domains| nodes| time | service locationg time(s)
ethz.ch 0.03 1 1 28710| 0.9 80 0.12
epfl.ch 0.28 8 3 14219 | 1.22 5 0.06
cs.cmu.edul 1.53 13 6 5658 | 0.68 30 0.10
uc.pt 2.25 16 5 487 | 0.87 2 0.03
uva.es 3.56 13 5 na. | na 2 0.07
ufmg.br 3.55 15 6 na. | na 3 0.08

Table 1. The overhead of Internet measurements.

5 Evaluation Summing up the contributions, an application is likely to
be delayed for several seconds for selecting the active ser-
5.1 Overhead vice location. The time to instantiate the service is not yet

included in this time. Selecting active service locations is

In a first step we try to quantify the overhead of the loca- therefore certainly not usable for applications that are la-
tion selection. One dimension of overhead is the amount oftency bound and have a short data transmission time. In
resources that is needed for the measurements. This overcontrast, the delay may be better supported by video appli-
head is described in the evaluation of Remos [4]. cations that have a longer run time and that transmit more

The overhead for the application is the time needed to data.
select the location. This time depends on various param- The overhead of the location selection can be consider-
eters that depend on a set of parameters: the path |engt|’]’5'lb|y reduced if the network provides the resource informa-
the number of clouds, the number of active service nodestion that is needed by the application. First, the time for the
within the clouds, and the application requirements. The DNS mapping can be reduced if the information can be re-
goa| of these measurements is to pro\/ide on|y a rough idedrieved from a particular cloud. &ause this information is
of the overhead of a particular application. Nevertheless it likely to remain stable for a longer time period, it can easily

should show for which classes of applications a server se-be stored. Second, a cloud may periodically measure the re-
lection is suited. sources to other clouds. Instead of measuring the bandwidth

To measure the overhead, the video application ison its own, the location selection system could retrieve the

used [5]. A video server is located at ETH. 6 clients bandwidth of each link with a single query. The delay could
are placed at different locations (ethz.ch, epfl.ch, cmu.edu,be reduced considerably. An additional advantage is that
uc.pt, uva.es, ufmg.br). Each site downloads the same videdhe resource data can be shared by different applications.
in turn and the length of the different steps is measured. Ta-This sharing also reduces the load on the network that is
ble 3.3 shows the time needed for the different steps. Theimposed by multiple applications measuring the available
path discovery is influenced by the path length. The aver-resources. Remos is also extended to periodically measure
age path length in the Internet is about 15 nodes, so that arihe resources, store the measurements for direct application
overhead of 1 to 2 seconds can be expected. The time fot/sage and also calculate a prediction of future resource us-
the DNS query (list all hosts in a domain and filter out the age. Other systems are currently being developed by differ-
service locations) is also in the order of 1 second. The num-ent groups.

ber of service locations indicates the number of active ser-

vice locations whose host name corresponds to the searcs.2 A simple video example

criteria defined for this experiment. Finally, the graph eval-

uation is an order of magnitude smaller than the rest of the  Although the overhead of the location selection is not
times. One number that is not shown in the table is the negligible, this experiment shows how the application can
time needed for the bandwidth measurement. To measuréenefit from the location selection. The video applica-
the bandwidth, Remos stresses the network by sending datéion [5] is used for the experiment and set up as follows: two
as fast as possible over the network. The measurement timeideo clients, located at CMU download and play a video in
can be configured by the application, and the accuracy of thereal time from a server located at ETH Zurich. Active ser-
measurement correlates with the measurement interval. Fowrice locations are only available at ETH Zurich and CMU.
the experiments, we used an interval of 10 secondsdoh A multicast and an adaptive filter are available as active ser-
measurement. These measurements use up most of the timéces. Although the experiment is run over the real Internet,
unless the measurement time shortened. However, a shortahe bandwidth of two links is emulated. First, the link to
measurement interval may lead to less accurate results.  client 2 at CMU is limited to 0.4 MBps. This value lies be-
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Figure 3. Network topology for the simple video example.

mETH/ETH Experiment 1 shows the situation when the data flows
moMu/ETH first through a multicast filter and thesach stream tlough
@ dynamic an adaptive filter. Both filters are located at ETH. Because

the data stream is multicast before the transatlantic link, the
two data streams compete for the available bandwidth. The
result is that several frames have to be dropped for client 1.
The situation is worse if the multicast client is placed at
ETH and the adaptive filters at CMU (experiment 2). The
multicast filter splits the data stream before the bottleneck

% of correctly received frames

1 Mbps 0.7 Mbps 0.3 Mbps

Bandwidth of transatlantic link and thereby congests it. The adaptive filter iageld after
the bottleneck. The effect is that packets have to be dropped
Figure 4. Percentage of correctly received over the transatlantic link. The packet loss leads to incom-
frames at client 1 plete frames (each frame is split up into several packets for

the transmission), and incomplete frames cannot be played.
The result is that the number of correctly received frames is
very low for client 1.

) o ) In the third experiment, the adaptive filter is placed at
low the bandwidth required to play the movie in full quality. ETH and the multicast filter at CMU. If the transatlantic link
The data stream must therefore be adapted for this clientig the pottleneck (0.3 Mbps), this setup obtains the maximal
Second, the transatlantic link is emulated with a constant, mber of frames at the client. For higher bandwidths, how-
bandwidth to create reproducible results. The used valuesyey, this setup is dominated by client 2. The multicast filter
of 1 Mbps, 0.7 Mbps and 0.3 Mbps have been measured aly; cMU is not combined with an adaptive filter. Because
three different times during the day [1]. The denote di_ffer- the number of incoming frames must match the number of
ent levels of bandwidth usage during a day. Alllocal links oytgoing frames at the multicast filter, the slower connec-
have a bandwidth of 10 Mbps. The video requires an aver-ion also slows down transatlantic link. The adaptive filter
age of 0.6 Mbps. For bandwidths that are below this level gt ETH sees only an available bandwidth of 0.4 Mbps. The
an adaptive filter should be used. number of correctly received frames at client 1 is therefore

At the client, the numbers of correctly received frames below the maximum. This number could only be obtained if
is measured. Hemy et al. [9] argue that this metric corre- an additional adaptive filter would adapt the stream between
sponds to the quality of theceived video stream. For each CMU and client 2.
bandwidth value of the transatlantic link, the proposed al- |n experiment 4, all filters are placed at CMU. No adap-
gorithm selects the location to instantiate the service. Thetation is performed over the shared transatlantic link. When
video quality is then compared to all combinations of filter enough bandwidth is available, no adaptation is requested,
placement. and both clients receive the full number of frames. How-

Figure 4 shows the number of correctly received frames ever, once the bandwidth drops below the threshold of 0.6
at client 1, depending on the location of the services and theMbps, many packets are dropped and no framedsived
available bandwidth of the transatlantic link. correctly.
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Figure 5. Network topology for the complex video experiment.

The last experiment shows the results of the dynamic
location selection. The algorithm places thelticast fil-
ter always at CMU. The transatlantic link can therefore be
shared by both clients. The placement of the adaptive filter
depends on the bottleneck. If the transatlantic link is the
bottleneck (0.3 Mbps), the adaptive filter impéd at ETH.
For the other values of the transatlantic link, the adaptive
filter is placed at CMU to adapt the stream for client 2.
These experiments show that the dynamic selection is
capable of finding the best location. A static configuration ’ ePFL o
of the services, which does not imply the time overhead for
searching service locations, may obtain the same results, but Figure 6. Percentage of correctly received
its benefit changes in time, e.g., at different times duringa  frgmes.
day. Similarly, a user may select the most suitable location
without the time overhead. For such a simple scenario, the
user may well guess the best location. However, if more
clouds are involved, if the bottleneck is not so easily guess-clients at EPFL and CMU receive almost all frames. The
able, or if the multicast tree is more complex, a user may nosmall number of missing frames can be explained by the

M setup 1
Osetup 2
W setup 3

% of correctly received frames
o
g

longer be capable of guessing the right location. load on the server node. All services (multicast filter, adap-
tive filter) run on this node and the sum of all tasks loads
5.3 A complex video example the server up to its limits. Especially the two slower con-

nections seem to suffer from this load.

For a second experiment, a more complex setup is used. The second setup, as shown in the center of Figure 5,
The video stream is sent from the ETH server to clients at could be defined by a user who has some knowledge about
CMU, EPFL, UVA (University of Valladolid, Spain) and the network topology and performance. The bandwidth
UC (University of Coimbra, Portugal). The video requires between ETH and EPFL is usually an order of magni-
an average bandwidth of 0.6 Mbps to be transmitted withouttude higher than the bandwidth between ETH and the other
packet loss. servers. The two Iberian sites (UVA, UC) have a low

Each of these domains offers nodes on which active ser-bandwidth connection to ETH. Because of the geographical
vices can be instantiated. We compare three setups for aceloseness of the two sites, a user may assume that the band-
tive service locations in this experiment. width between the two sites is higher than to other sites.

The first setup, as illustrated on the left side of Figure 5, Therefore, the data stream can be forwarded from one site
is a simple multicast scenario where the server at ETH al- (e.g., UC) to the other (UVA). Finally, to shed the load, the
ready splits up the data streams. Each stream is adapte€MU client is attached to ETH whereas the Iberian sites
to the available bandwidth. The first data row in Figure 6 are attached to EPFL. In contrast to the first experiment,
shows the percentage of correctly received frames for thisthe results in Figure 6 show that the clients at EPFL and
experiment. The bandwidth limits the percentage of re- CMU receive all frames. No overload has been detected for
ceived frames for the clients at UC and UVA whereas the this experiment, so that UC also receives a large number of



frames. However, the client at UVA suffers a considerable  Content distribution services, such as Akamai or Dig-
amount of lost frames. An analysis of the network paths ital Island, also make use of the Domain Name System
shows that there is in fact no direct path between the two(DNS) to dynamically redirect requests to appropriate con-
sites. The data sent from UC to UVA travels about half the tent servers or proxies. They use the closeness of the client
way back to EPFL before it takes a different route. Sending to the name server to find the closest server nearby. Skaikh
the data to UC and back again over the same path obviouslyet al. [16] provide in their analysis several reasons why this
increases the load on a bottleneck link and leads to a highuse of DNS can lead to an inefficient server selection. In

loss rate at UVA. contrast to these content distribution services, the service
Finally, the image on the right of Figure 5 shows the selection algorithm described here uses only the informa-
setup chosen by the dynamic service selection. tion provided by the DNS server and not the location of the

Location selection can also be used while an applicationServer itself.
is running. When a handoff is triggered in a video applica- ~ The ALAN project [7] describes an infrastructure that
tion [10], the application can perform a location selection to Permits applications to dynamically deploy active services
identify locations on alternate paths. If the old connection at the application layer. This infrastructure allows appli-

is still sending data during a handoff, the overhead of the cations to place ALAN-supported services in the network
location selection can even be hidden. according to their needs. The infrastructure is required to
be scalable and customizable by applications. In contrast
to our system, their approach is to build a large distributed
6 Related work database of all nodes that support active services. For scal-
ability reasons, the database is built hierarchically. The
database may not only store the locations of the active ser-

vices but also include bandwidth and latency information.
It is not clear, however, how accurate tlignamic infor-

The Remos REsource MOnitoring System [4] provides
an infrastructure for obtaining topology and bandwidth in-
formation of a network. This information can be used for _ . , ) ) .
network-aware applications, e.g., to adapt to the availableMation will b_e and how long it takes to find a given active
bandwidth. Remos is well suited for endsystem-based ap_serwce location.
plications. As a matter of fact, our implementation is an
extension to Remos. Miller and Steenkiste [12] give agood 7 Conclusions
overview of related work in the area of topology discovery.

Chae et al. [3] describe a method to query and synthesize This paper describes a method to search for and dy-
network information, e.g., to identify a bottleneck in a net- namically select available active service locations in the
work. In their model, eacimode is assumed to store local Internet. The presented method is practicable because it
resource information, which can be queried by an applica-can be deployed in the current Internet; there are espe-
tion. A query is scattered into the network, the results are cially no requirements to change or enhance routers. By
gathered by the different nodes and already processed thergmiting the search for active service locations to the rout-
(e.g., the minimum bandwidth of two links can already be ing path, the method even scales to large networks such
determined in the network). Their system is targeted at ac-as the Internet. Finally, the presented system can be cus-
tive networks; they require changes in routers (storing andtomized and extended for different groups of applications.
providing resource information). In contrast, our goal is A consequence of this feature is that the system can take
to have a discovery phase that is based only on the infor-application-specific information, such as the service type or
mation the Internet provides, so that our proposal can bea specific metric into account. A metric that is relevant, e.g.,
deployed in the current Internet. In addition, it is not clear for multi-media applicaitons, is the bandwidth of a connec-
how well the method proposed by Chae et al. scales to largetion.
networks. Such a method may scale well to the size of a  This functionality comes at a price: An evaluation of
LAN and might be integrated into our system to efficiently the overhead of the location selection shows that the time
retrieve the bandwidth within a LAN. needed to measure the available bandwidth takes up the

Obraczka et al. [13] descriliepology-d service thatin-  most time. This time could be shortened if the network
forms the application about the topology and the perfor- could provide information about the available resources.
mance of a network. Network-aware application use this There exist a (growing) number of such monitoring sys-
information, e.g., to select one server out of a pool of avail- tems, so we are optimistic that in the future, this aspect of
able servers. The tools used for topology-d are similar to our system will be improved.
ours. However, their work is targeted at applications that A consequence of this overhead is a delayed start of
need end-to-end information. No discovery of active ser- sending the data stream. If an application can tolerate such
vice locations is therefore needed. a wait, then our evaluation with a video application demon-



strates the benefits that can be obtained from dynamic sef10] R. Karrer and T. Gross. Dynamic handoff of multi-
lection of an active service location. As the Internet grows
in size and complexity, it becomes less and less practical
for a user to perform service placement by hand. Even so-

phisticated users cannot keep up with the number and fre

media streams. IRroceedings of NOSSDAV 'ORort
Jefferson, NY, June 2001.

[11] Sun Microsystems. The Jini homepage.

quency of changes. So although a user may be able to guesg 5] N. Miller and P. Steenkiste. Collecting network status
the correct service placement in a simple scenario, for com-

plex scenarios this task is hardly manageable. We therefore
anticipate that service location selection will remain a chal-
lenging problem.
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