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Abstract. Available bandwidth knowledge is very useful to network
protocols. Unfortunately, available bandwidth is also very difficult to
measure in packet networks, where methods to guarantee and keep track
of the bandwidth (eg, weighted fair queuing scheduling) do not work well,
for example the Internet. In this paper we are dealing with an available
bandwidth sampling technique based on the observation of packet time
dispersion in a packet train or pair. In standard techniques the available
bandwidth is sampled by using a “bytes divided by dispersion” (or “bytes
over time”, BoT) calculation and then filtered. This method of calculat-
ing available bandwidth samples has been used in all packet dispersion
related work. We propose a new sampling method of available bandwidth
called ab-probe. The ab-probe method uses an intuitive model that helps
understand and correct the error introduced by the BoT sample calcu-
lation. We theoretically compare the new model with the previous one,
exploring their differences, observability and robustness. We argue that
the model may significantly improve protocols that can use an available
bandwidth measurement, in particular transport-level protocols that cur-
rently use the BoT calculation.

1 Introduction

Let us define the available bandwidth over one link as the bottleneck link band-
width minus the used bandwidth, i.e. the un-utilized bandwidth. A path’s avail-
able bandwidth is the minimum available bandwidth across all links in the end-
to-end path. If the latter could be known to end hosts, it could be used to apply
efficient network and flow control, for example, by means of multimedia content
adaptation [8], application/web routing and dynamic server selection [1], con-
gestion control transports [6]. At the same time it is hard to measure available
bandwidth. It is a highly variable quantity and constrained to an end-to-end
observation, as the Internet Protocol scalable architecture dictates. Another re-
striction, which we will attempt to relax, is that current “available bandwidth”
techniques assume that the network is performing weighted fair queuing on its
flows [7]. This is the only case where the rate observed at the receivers may be
the path available bandwidth and can be calculated as the bytes over the time
dispersion of two or more successive packets (from now on we will refer to this
scheme as Bytes over Time or ”BoT approach”). The above assumption holds in
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a Diff Serv environment, with well defined traffic and service classes, and with
WFQ routers. The Internet today, however, cannot classify/distinguish flows,
may employ a variety of queuing disciplines and currently has pre-dominantly
FIFO routers. It is known that the WFQ model assumption often leads to rela-
tively high bandwidth estimation errors especially at high loads. Unfortunately,
this is exactly when available bandwidth information is most essential. We show
an alternative sampling method that assumes no specific queuing discipline and
therefore does not contain the error caused by the above assumption.

An ”active” heuristic technique called cprobe [1] is widely used to measure
available bandwidth. It was developed for server selection purposes, and it is the
simplest example of active BoT sample calculation. “Passive” measurements of
available bandwidth using packet dispersion techniques are also found in trans-
port level. For example, the rate estimation proposed in TCP Westwood [6]
reminds us of the packet pair bandwidth estimation technique. Likewise, Mi-
crosoft’s video streaming protocol MSTFP employs bandwidth estimation con-
cepts [8].

Packet pair techniques can measure the bottleneck link bandwidth in FIFO
queuing networks by using the BoT model and a combination of techniques such
as kernel density estimation and Potential Bandwidth Filtering, as implemented
in nettimer and proposed in [2]. In this work a kernel density estimator is used
to find the highest density point by effectively dealing with well-known problems
arising from constant bin size histograms. The basic assumption, under which
this estimation is correct, is that packet pair results tend to aggregate around
the bottleneck link bandwidth . This work has progressed from [3] and has also
produced packet tailgating [4]. The latter is a technique that uses a train of
packets to measure multiple bandwidths along a path. Unfortunately, few appli-
cations are directly interested in bottleneck link bandwidth. A bottleneck link
bandwidth measurement is needed however for all current available bandwidth
estimation techniques.

In [5] it is shown that packet dispersion techniques converge to an Asymptotic
Dispersion Rate that is lower than the capacity but is not quite the available
bandwidth in the path. The method in [5] investigates the effects of cross traffic
on packet dispersion in the Internet. Our work is in agreement with that study,
It proposes similar models, but it uses a sample calculation method instead of
the BoT method that was the basis of that work as well.

In essence, all of these schemes have in common the same probing technique,
ie packet pair or train. The difference is in the filtering method. For example,
when a packet dispersion based scheme is used for available bandwidth estima-
tion, the filter may average the samples [1], discover modes [5] or discover density
points [3]. In all mechanisms used so far, the samples are computed using the
simple BoT formula. The main contribution of this paper is to use a different
equation for computing bandwidth samples. Our equation is independent of a
specific queuing discipline. It is slightly more complex than simple division, but
it produces much more accurate samples, as we will show in the sequel.
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In this paper, after presenting our model, we theoretically explore its ro-
bustness and explain the way it differs from the BoT model. We then develop
an “active” measurement technique that uses our sample calculation in packet
pairs and then in trains. Next to it, we also develop a “passive” measurement
technique, again using both packet pairs and trains. We consider the passive
measurement especially important as it may be used in end-to-end transports
to aid in flow control. We use real MPEG and H263 video traces to provide the
packets for the passive measurement. We extensively test and compare our model
to the BoT model in various Internet scenarios. All the experimental results sup-
port our theoretical claims and show that our sampling technique improves upon
the BoT method, especially when the network load is high.

In the next section we analyze the packet pair behavior link by link. In Section
3 we discuss the need for a more sophisticated sampling technique, present our
general model for the packet train behavior related to the available bandwidth,
use our model to study the BoT problems and finally develop an active and a
passive measurement. In 4 we present the real network experiments, which are
in keeping with the theoretical models and provide insight on how effective is
the new measurement based on our model. We conclude the paper in Section 5.

2 Packet Pair Background

In this section, we qualitatively analyze the interference that an end-to-end
packet pair based measurement may experience from cross traffic. Our goal is to
understand the source of noise and errors in a packet pair measurement, espe-
cially on an available bandwidth measurement that we are dealing with here.

Let us focus separately on three segments of the path: 1) the path consisting
of links from the source up to the bottleneck link, 2) the bottleneck link, 3) the
path from after the bottleneck link to the destination. When we refer to a link
we refer to the outgoing queue. Let us assume:

– N − 1 links on the path, with the bottleneck at link k
– Pbi, the potential bandwidth upon entering the link i, determined by the

pair dispersion after link i ; Pb0 is then the pair potential bandwidth at the
sender, defined as the payload bytes over the initial time separation.

– Bi, the actual bandwidth of link i
– Pb0 > Bk

Then we can analyze in details the behavior of the three segments.
The first segment of the path is interesting because it ultimately defines the

potential bandwidth (Pbk) with which the pair will enter the bottleneck link k. In
order to make sure that we can measure the bottleneck link, Pbk must be greater
than the bottleneck link bandwidth. After each link the pair may decrease its
potential bandwidth when Bi < Pbi−1; the same can happen when cross traffic
arrives in the time between the pair arrivals (Note that the probability of this
event occurring is inversely proportional to Pbi−1 for a given network load).
When enough cross traffic is queued already when the packet pair arrives then
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we may get useful time compression. It is called time compression because the
time separation of the packet pair is potentially compressed (it becomes the
payload of one packet over the link bandwidth). We call it “useful” because it
increases the pair’s potential to correctly measure large bottleneck bandwidths.
Note that in the case of available bandwidth measurement this compression in
not useful.

The packet pair arrives to the bottleneck link with a potential bandwidth of
Pbk−1 and exits with Pbk, hopefully equal to B. If Pbk−1 is less than B, then
we already have an underestimate of B. This underestimate may be further
increased by intercepting cross traffic. If Pbk−1 is more than B, then the exiting
potential bandwidth is either B or some overestimation due to compression
because of preexisting traffic.

Other events may occur after the bottleneck link. As the pair is traveling
after the bottleneck link it should sustain its time separation. However, enough
intercepting cross traffic (i.e. traffic that enters the node and gets queued in the
middle of the packet pair interval) may cause further underestimation over a link.
Traffic queued in front of it may cause time compression (if service/transmission
time for the packets queued in front is more than the packet pair time separa-
tion). This is an adverse time compression that causes over-estimation of the
bottleneck link bandwidth.

3 Extension of Packet Pair/Train for Available
Bandwidth Sampling

3.1 Why Do We Need a New Method to Calculate the Samples?

Let us attempt to calculate what the available bandwidth over a single link
should be and how this is different than the BoT calculation. We first illustrate
the BoT method. Consider two packets, Packet 1 and Packet 2, each of size S,
entering the bottleneck link with a potential bandwidth of Pbk−1 which is close
to B, the bottleneck link bandwidth. The time that Packet 1 exits from the link,
ie, exit from service, marks the beginning of time interval and Packet 2’s exit
from service marks the end of the interval, denoted as time separation d. The
BoT method calculates the available bandwidth A at S/d.

Now assume that A is indeed the available bandwidth seen by those packets.
Then, the consumed bandwidth is obviously B −A. Let us call the interval over
which the available bandwidth A is measured the sampled interval. This interval
can be defined, for example, by the separation of the packets, from the time the
Packet 1 enters the queue until Packet 2 enters the queue, which is by definition
S/Pbk−1.

Since during that time the bandwidth consumed (by other connections) is B−
A then the number of bits that enter the link queue during the sampled interval
is (B − A) · S/Pbk−1. The observed separation at the link exit, as defined in
the previous paragraph, will be the transmission/service time of the intervening
bits that have entered the queue after Packet 1, and the transmission/service of
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Packet 2. Therefore d = (B − A) · (S/Pbk−1)/B + S/B. It is obvious then, by
solving for the available bandwidth A, that A is not generally S/d as the BoT
calculation dictates. We elaborate on their difference in the rest of the paper and
attempt to develop a new sampling method based on it.

3.2 The Ab-probe Model

In this paragraph we use an approach similar to that described in 3.1. to calculate
the available bandwidth samples from a packet train of N equally sized and
spaced in time packets. Assume N (N ≥ 2) equally spaced packets each of size S
bits. Assume the packets reach the bottleneck link with a potential bandwidth of
Pb, that the bottleneck link bandwidth is B and the actual available bandwidth
(during the train transit) at the bottleneck link is A, as before. We are calculating
the available bandwidth from the perspective of an application, without counting
the probing packet overhead. The sampled interval (see 3.1) is:

Sampled Interval =
(N − 1)S

Pb
(1)

If the available bandwidth during this interval is A then, using (1), the traffic
(in bits) the queue should be receiving from other flows during this interval is:

Cross T raffic bits =
(B − A)(N − 1)S

Pb
(2)

Then the observed time dispersion (separation) between Packet 1 exiting
service and Packet N exiting this link’s service is the transmission time of the
packet train bits and the intervening traffic bits through the link.

T = TN − T1 = (N−1)S
B + (B−A)(N−1)S

Pb·B
= (N−1)S

B

(
1 + B−A

Pb

) (3)

Solving for the available bandwidth A we get:

A = B − B · T − (N − 1)S

(N − 1) S
Pb

(4)

Note that an available bandwidth sample, averaged over the interval sampled
by the packet train, may be negative. This is intuitive and is consistent with
available bandwidth definition. It may be negative when, during a transient,
period more traffic enters the link than the total bandwidth can support. (More
traffic than the link’s capacity may enter a link for a short interval because
of the queue buffer space). Averaged over longer period of times the available
bandwidth with samples given by these equations will turn out to be positive.
The above model can be used (i) to help understand the error when sampling
available bandwidth using the BoT model in non-WFQ networks. (ii) to develop
a network independent sampling method. We study these issues further.
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3.3 The BoT Sampling

In this paragraph we look at the model used so far in measuring available band-
width that uses the BoT sample calculation. Equation 4 gives the correct avail-
able bandwidth averaged over a period of time (defined by a train of packets).
This equation is to be compared with the BoT calculation (N − 1) · S/T .

First, we notice that following the above logic, the BoT calculation gives a
different available bandwidth result for different size trains. This effect has been
in fact noticed in real testbed experiments with cprobe [1]. Figure 1 shows that
applying this equation has the exact error effect shown experimentally in [1]. A
train of 4.1 Mbps potential bandwidth (i.e. the potential (sender) bandwidth of
the packet pairs in the train) is used over a 4 Mbps capacity link and 2 Mbps
available bandwidth. The equations of the model are applied to calculate the
actual available bandwidth using different values for N , the number of packets
in the packet train.

Figure 2 and Fig. 3 show the relative error for the BoT calculation used over a
4 Mbps link and trains of 10 packets and 160 bits each packet. Note that the BoT
error becomes exponentially larger as the network gets congested. Specifically it
reaches a 100% (relative error) when the 4 Mbps link has 1.28 Mbps available
bandwidth. When the network is in a very congested state, and the link has
only 100 Kbps available bandwidth, out of its 4 Mbps, we have a 2000% relative
error.
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3.4 Observability and Robustness of Ab-probe

The ab-probe (available bandwidth probe) model just described becomes a viable
measurement method, if B and Pb can be accurately estimated. The measure-
ment can be implemented both as an end-to-end measurement and as a network
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Fig. 3. The BoT relative error for a 4 Mbps link with 1.230 Mbps to 100 Kbps
available.

layer measurement in network feedback architectures, in both active and passive
forms.

In the network layer case, the measurement can be done link by link, thus
Pb is known and B can be very easily estimated over each link [3].

In an end-to-end measurement, the bottleneck bandwidth (as opposed to
available bandwidth) can be estimated accurately by proper filtering of the BoT
samples as shown in the nettimer method [3]. The above method relies on the
fact that with non zero probability the two packets in the pair are transmit-
ted one immediately after the other by the bottleneck link. Thus, the kernel
density estimator can identify the bottleneck link “mode” of the samples and
compute the corresponding value. The “potential bandwidth” (Pb) at the entry
of the bottleneck link however is only known to be between the sender bandwidth
(assumed larger than the bottleneck bandwidth) and the bottleneck link band-
width in an end-to-end measurement. This is because, when distorting events
do not occur, specifically the time compression before the bottleneck link, then
the sender bandwidth cannot increase. It may only decrease by entering through
smaller capacity links. If we sent at a sender (potential) bandwidth of the bot-
tleneck link capacity then with no distortions by definition the Pb will be B.
In Fig. 4, we see how possible distortions in the Pb estimation affect the avail-
able bandwidth measurement. The graph is based on the equations presented
by introducing errors in the Pb estimation. It shows that when the actual Pb
is lower than the estimation, the available bandwidth estimation becomes neg-
ative, a 50% underestimation in AB will result from a 35% underestimation in
Pb. When Pb is estimated higher than the actual Pb then the error in available
bandwidth is practically bounded by a 50% overestimation. Since it is preferable
to have an overestimation we sent at a sender bandwidth of slightly more than
B as mentioned before. Very negative available bandwidth samples can then be
filtered out and not be accounted for in the measurement. Next we show how
the above can be successfully put into practice.
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As the packet train travels towards its destination it undergoes the distortions
we described in the packet pair section and appropriate filtering of the resulting
samples should be used.
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4 Experiments

We have run real experiments using long range Internet connections and short
range campus Internet connections. The experiments are performed using the
active and passive measurement and testing both options of packet pairs or
trains. In all cases we have found that practice agrees with theory.

The short range Internet topology is shown in Fig. 6 The two LANs are
connected by a Cisco 2600 router in two 10 Mbps interfaces. On each LAN one
host is performing the “probing” and another is used for injecting extra cross
traffic. Normal traffic exists in the network as usual, but we inject the extra
traffic so that we may observe how the measurements react to it. The long range
Internet topology (Fig. 7) has the two source and destination LANs more than 20
hops apart. The sending hosts (probing and cross traffic) are switched through a
Cisco Catalyst switch series 6509, located in California. The two receiving hosts
are connected to a Cabletron SmartSwitch 2100, located in Italy.

The probing connection is either active or passive and uses the appropri-
ate time-stamping in the packet headers as required for the measurement. We
use application level timestamps as a measurement application or an adaptive
multimedia streaming application would have to. We use the nettimer tool to
compute the bottleneck link bandwidth just prior to the experiment. The active
measurement uses 128 byte packets changing the inter-packet delay to achieve
the required sender bandwidth. In the case of packet pairs, 40 packet pairs (80
packets) are sent at the required bandwidth following a one second idle interval.
When packet trains are tested we sent 10 trains of 8 packets following a one
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Fig. 6. The short range campus Inter-
net experiment topology.
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Fig. 7. The long range campus Inter-
net experiment topology.

second idle interval. We manage to experiment with high potential bandwidth
packet pairs by performing busy wait when necessary, dealing effectively with
the non-real time Linux (Redhat 6.2) kernel 10 msec timer granularity prob-
lem. The passive measurement uses a real source of MPEG video. Traces are
pre-captured from a Star Wars trailer clip 1. It is simply smoothed to 200 byte
packets sent uniformly over the frame time. The cross traffic is simply 512 bytes
payload CBR of the reported rate in all cases. As mentioned the bottleneck link
bandwidth is determined using the nettimer tool.

4.1 Active Measurement

In this paragraph we present the active measurements experiments. We perform
one experiment per measurement method using the same probing traffic. All
experiments are performed one after the other. These experiments prove that
our model is correct in practice and it is in fact a significant improvement over
BoT.

The active measurements for the short range experiment are summarized
in Fig. 8. The figure depicts a graph similar to that in Fig. 5 but using real
experiment results instead of equations. In this one graph we summarize results
for all relevant active measurement experiments, i.e. using pairs and trains and
with the BoT and the ab-probe model sample calculation. The link capacity
was measured to be 9 Mbps using the Nettimer method. This is a fairly accurate
measure, given that the network is a 10 Mbps E-net. The x axis is the rate of the
“additional” injected cross traffic. Note that prior to our experiment there was
already some traffic present in the network, over which we have no control. That
is why the curves do not start at 9 Mbps at zero cross traffic. If the network had
been unloaded initially, all the curves would have started from 9 Mbps at zero
crossload, as clearly indicated in Fig. 5. Using the BoT sample calculation we get

1 Star Wars trailer clip: http://www.trailersworld.com/movie.asp?movie id=692
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6.1 Mbps available bandwidth over a 9 Mbps link, while the ab-probe calculation
gives approximately 4.5 Mbps. After getting the initial point for the two methods
(at cross traffic equal to 0) we draw a lighter “expected available bandwidth”
line. It represents the available bandwidth after injecting from 1 Mbps to 3 Mbps.
For example, we would expect to measure 5.1 Mbps available bandwidth after
injecting a 1 Mbps rate cross traffic (6.1 Mbps minus 1 Mbps). We clearly see
however that BoT. does not react at all to the fact that another 1 Mbps is being
injected in the path. Even 2 or 3 Mbps cross traffic does not have an impact
on the BoT. measurement. On the other hand, ab-probe measures correctly,
following the expected available bandwidth line. Comparing this graph with our
model graph at Fig. 5 we see that the above observations are exactly seen in
our model equations as well. Our theoretical model is very closely validated in
the experiments. The ab-probe available bandwidth improvement is visible in
practice as well.

In Fig. 9 we see the same graph regarding the active measurement in the
long range Internet scenario. In this case the bottleneck link is measured at 4
Mbps. The available bandwidth using the BoT samples in our averaging filter
is measured at approximately 2.5 Mbps when no other cross-traffic is injected
intentionally. In this case too, when we inject cross traffic of 1 Mbps and 2 Mbps
the BoT based measurement fails to drop appropriately, and seems only slightly
affected by the extra traffic. The ab-probe method initially measures a 1.5 Mbps
available bandwidth (when no cross traffic is injected intentionally). When a 1
Mbps stream is injected the ab-probe reacts to the available bandwidth drop
as predicted by theory, measuring around 200 Kbps available. When a 2 Mbps
stream is injected the ab-probe measures −1 Mbps. Note that as we mentioned
before the available bandwidth may become negative for some short intervals.
Looking at the connection loss rates for this case, we see that the probing traffic
lost 80% of its packets and the cross traffic lost 33% of its packets.

Even in this highly congested, unstable condition the ab-probe manages to
track the available bandwidth changes while the BoT is unable to measure or
even detect the oncoming of congestion. Figure 10 shows more details regard-
ing the long distance experiment. This graph shows the packet pair bandwidth
estimation points in the above experiment in the ab-probe case on the left and
in the bot case on the right. We note the many different distinct concentration
points (modes) of the samples in both sample calculation methods, as has been
noted by previous work.

In all, the ab-probe active measurement managed to successfully measure
the available bandwidth in all cases, even in long distance (more than 20 hops)
end-to-end observation, while the BoT. samples have failed.

4.2 Passive Measurement

In the passive measurement, as mentioned before, we probe bandwidth using a
VBR real video source. This case is especially interesting because it shows that
our measurement can be successfully piggybacked on a rate-based transport. We
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take advantage of the fluctuating nature of the VBR video source to probe higher
bandwidths than the stream average bandwidth.

The experiments show that ab-probe is less accurate than in the active case,
as expected, due to the lower and uncontrollable rate of the probing packet pairs.
Figure 11 shows our usual model diversion graph for the short range Internet case
where a 4 Mbps average video trace is used over a 9 Mbps reported bottleneck
link bandwidth. Ab-probe is somewhat successful in reporting the extra cross
traffic injected in the network whereas the BoT is practically unaffected by the
additional traffic.

We used the 4 Mbps average video for the long range case. The bottleneck
link reported was 4 Mbps and the loss rates of the video traffic were: 1%, 1.5%
and 50%, for (a) no additional cross traffic, (b) 1 Mbps and (c) 2 Mbps cross
traffic respectively. In this case we note: (i) Our probing (video) traffic consumes
the bottleneck link. The 1 Mbps cross traffic connection suffered over 40% loss
therefore leaving the measurements almost unaffected. (ii) There is significant
queuing of other uncontrolled traffic after of the bottleneck link as evidenced by
the fact that the BoT pairs average at higher than bottleneck point rates (many
time-compressed samples). Ab-probe is more effective in dealing with compressed
packets since it can average them out with the negative samples. (iii) Both BoT
and ab-probe were able to sense the 2Mbps cross traffic. Note that this is the
only satisfactory result regarding the BoT model and is reported when there is
significant loss in probing and competing traffic. The BoT is able to capture this
effect due to the lost packets (the size of the packets is the nominator). (iv) The
trains fail to “sense” the 2 Mbps injected cross traffic because the lost packets
cannot be accounted for correctly. Specifically, trains may become smaller when
first and last packets are lost leaving large intervals without having samples.

In all, a simple averaging filtering was being used, ab-probe showed mea-
surements close to the expected at all times while the BoT showed deficiencies
similar to those found in the active measurement case.
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Fig. 10. Graphs from the long distance active measurement experiment. a) Ab-
probe short distance packet pair samples when injected traffic is 0 Mbps. b)
BoT packet pair samples when injected cross traffic is 0 Mbps. c) Ab-probe
short distance packet pair samples when injected cross traffic is 3 Mbps. d) BoT
packet pair samples when injected cross traffic is 3 Mbps. e) Ab-probe packet
pair samples filtered. f) BoT packet pair samples filtered. The measurement is
not affected by the injected traffic in all cases.



Network Independent Available Bandwidth Sampling and Measurement 129

0
1
2
3
4
5
6
7
8
9

10

0 1 2 3A
va

ila
bl

e 
ba

nd
w

id
th

 (
M

bp
s)

Cross traffic (Mbps)

Model diversion

BoT pairs
AB-probe pairs

BoT trains

AB-probe trains
Expected

Bottleneck

Fig. 11. Model diversion graph for
pairs and trains for the short distance
case.

0

1

2

3

4

5

0 1 2A
va

ila
bl

e 
ba

nd
w

id
th

 (
M

bp
s)

Cross traffic (Mbps)

Model diversion

BoT. pairs
AB-probe pairs

BoT. trains

AB-probe trains
Expected

Bottleneck

Fig. 12. Model diversion graph for
pairs and trains for the long distance
case.

5 Conclusions

We have presented ab-probe, a new model and measurement technique to esti-
mate the path available bandwidth from end-to-end observation of packet disper-
sion. The model directs us towards a new sample calculation that is independent
of the network queuing discipline and therefore can be used successfully on the
Internet. Two simple measurement methods have been implemented, one ac-
tive and one passive, mainly with the purpose to show that any measurement
implementation based on the new model is reasonably accurate. This work can
improve the performance of user sessions, or more generally any network protocol
that may need available bandwidth measurement; a very useful quantity, espe-
cially for server selection applications, routing, end-to-end transports, adaptive
multimedia etc.

Our motivation for this research has been the unintuitive, currently wide-
spread method for calculating available bandwidth samples from packet disper-
sion used in protocols. The simple BoT calculation is theoretically correct only
to the degree that the network approximates a perfect fair queuing for flows. We
found that its use generally causes significant errors in non-conforming networks
like the Internet, especially at high loads. We developed a model that quantifies
this error and used it to produce a new sample calculation that is correct with-
out assumptions for queuing disciplines. The model also captured and explained
previously reported c-probe behavior as seen by its researchers in measurements
over a real network that has been to this day unexplained. Long range Internet
and short range campus experiments showed that ab-probe is accurate in prac-
tice as well and a significant improvement over BoT . The improved accuracy
in available bandwidth measurements will be very beneficial to adaptive mul-
timedia applications. It will improve network stability and will provide better
congestion protection.
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