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Abstract— We present an extension to the MINC loss estimator
which can be used to perform loss tomography with less feedback
bits per probe. In MINC loss tomography, each receiver in the
multicast tree reports one bit of feedback per probe. This poses
constraints when MINC is used with RTCP and feedback band-
width must not exceed5% of data bandwidth. In the Extended
MINC loss estimator (EMLE), receivers report feedbacks for
groups of k consecutive probes. Receivers have the option of
reporting different types of feedbacks which require between1
and dlog2(k+1)e bits per k probes. EMLE leverages the analysis
of MINC delay distribution estimator and results in the reduction
of feedback bits without substantial loss of accuracy.

I. I NTRODUCTION

Multicast-based Inference of Network internal Characteris-
tics (MINC) [1] is a tomography tool that infers the internal
characteristics of a network underlying a multicast tree based
on end-to-end measurements. MINC can infer the loss rates
and delay distributions of internal network links [2], [3]. To
infer loss rates, the source injects probe packets into the
multicast tree and each receiver reports whether it received the
probe packet (1) or not (0). Based on the binary feedbacks
collected from receivers, per link loss rates in the multicast
tree are inferred. In this way, one bit of feedback is needed
per probe in MINC.

Since dedicated infrastructures to perform end-to-end mea-
surements are complex to deploy, [4] proposed an architecture
which couples MINC measurements with RTP/RTCP [5]. In
this method, RTP data packets of a multicast session act as
probes and RTCP is used to report feedbacks. One of the
constraints here is that in large multicast groups, receivers
are unable to provide one bit feedback per probe since this
can cause the feedback bandwidth to exceed5% of data
bandwidth [4]. In this work, we consider the problem of
performing MINC loss tomography with less feedback bits.
We have designed an extension to MINC loss estimator
which uses information from available probes but reports less
feedback bits.

II. EXTENDED MINC L OSSESTIMATOR (EMLE)

In EMLE, the sender injectsN probe packets into the
multicast tree as in MINC. Instead of providing a feedback
of 0 or 1 for every probe, receivers report the number of
losses observed in windows ofk consecutive probes, i.e.,
values from0..k. The window sizek is constant and common
to all receivers. In total, receivers reportN/k feedbacks
which require(N/k)dlog2(k+1)e bits. Using these feedbacks,
the passage probability of each link in the multicast tree is

estimated in two steps. First, theloss distributionof the link
is estimated. Then, its passage probability is calculated from
its loss distribution. When receivers use windows of sizek,
the loss distribution of a linkl is the set of elements

Pl(i|k), i = 0..k − 1

Pl(i|k) is the probability ofi losses on linkl given thatk
packets were sent on linkl.

The method of estimating the loss distribution of a link
is similar to the method of estimating its delay distribution
[3]. The loss distribution elements are estimated inductively
starting from the first elementP (0|k); P (i|k) is calculated
using previously estimated elementsP (0|k)..P (i − 1|k) and
the feedback data. The number of loss distribution elements
estimated vary with the number of bits used per feedback. To
estimateP (0|k)..P (i − 1|k) for all links, receivers need to
report only feedback values from0..i where the largest value
i is used to reporti or more losses. Thus, the estimation of
P (0|k)..P (i−1|k) requires onlydlog2(i+1)e bits of feedback
perk probes. For instance, estimation ofP (0|k) alone requires
1 bit feedback perk probes. Depending on the amount of bits
spent per feedback, some or all elements of loss distribution
are estimated.

Using the loss distribution of a link, its passage probability
is calculated as follows. If the partial list of loss distribution
elementsPl(0|k)..Pl(i − 1|k) of a link l is estimated, its
passage probabilitypl is calculated by finding the root of the
following polynomial

j=i−1∑

j=0

(
k

j

)
pk−j

l (1− pl)j =
j=i−1∑

j=0

Pl(j|k) (1)

If all elements of loss distribution are estimated, then the
passage probability of a linkl is calculated as

pl =
j=k−1∑

j=0

(k − j)Pl(j|k)
k

(2)

The advantage of using Eq. (2) is that it does not assume
the independence of probes within a window, as opposed to
Eq. (1) which does.

When window sizek = 1, EMLE reduces to MINC. In this
case, Eq. (1) and Eq. (2) are equivalent and as in MINC, the
passage probability of linkl is estimated aspl = Pl(0|1).
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Fig. 1. Errors: (a) First element of loss distribution used (b) All elements of loss distribution used, for Model-based and NS simulations

III. E XPERIMENTS

Fig 1 shows the behavior of EMLE for Model-based and NS
simulations. For these experiments, we simulated an8 receiver
complete binary tree. In Model-based simulations, losses on
links are created using Bernoulli losses. In NS simulations,
losses on links occur due to buffer overflows on nodes as the
probe packet competes with background TCP and exponential
on-off UDP traffic. For NS simulations, the parameters were
set as in [2]. For both cases, passage rates of links varied from
85% to 95% and the simulations were run100 times. Fig 1
plots the average absolute relative error for one of the links in
the tree for window sizes1 to 7. Window size1 corresponds to
MINC. Fig 1 shows two cases (a) when only the first element
of loss distribution is used to estimate the passage probability
of each link, i.e., by using Eq. (1) as(P (0|k))1/k (b) when all
elements of loss distribution are used to estimate the passage
probability, i.e., by using Eq. (2).

Since EMLE calculates loss distribution elements induc-
tively, the accuracy of passage probability estimated is depen-
dent on the estimation ofP (0|k). Errors inP (0|k) influence
estimates of other loss distribution elements. As the window
size k increases,P (0|k) estimated is less accurate since the
number of feedbacks used for its estimation decrease (feed-
backs corresponding to all probes in a window having been
received). In Model-based simulations, since Bernoulli loss
assumption holds perfectly, estimating the passage probability
as (P (0|k))1/k is sufficient and yields low errors (Model(a)).
When passage probability is estimated using Eq. (2), errors of
loss distribution elements add and the passage probability has
slightly larger errors (Model(b)). In NS simulations, since the
Bernoulli loss assumption holds approximately, estimating the
passage probability as(P (0|k))1/k yields high errors (NS(a)).
On the other hand, since Eq. (2) does not assume the inde-
pendence of probes within a window, it yields comparatively
lower errors (NS(b)).

Figure 2 shows the amount of bits spent to report feed-
backs for different number of probes. Window sizek = 1
corresponds to MINC. Fork = 7, when passage probability
is estimated using the first element of loss distribution,1 bit
feedback is spent per7 probes. When it is estimated using all
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Fig. 2. Number of bits used to report feedbacks

elements,3 bits of feedback are spent per7 probes.

IV. CONCLUSIONS

In this abstract, we introduced the Extended MINC loss
estimator which can be used to perform loss tomography
with less feedback bits per probe. We showed its behavior
for Model-based and NS simulations. When used with RTCP,
it can help to reduce the feedback bandwidth. When MINC
is used with RTCP, thinning is used, i.e., receivers report
feedbacks to selective probes. EMLE like MINC can be used
both with the original or thinned probes. EMLE has two
limitations (a) When loss rates are high, large window sizes
cannot be used since the loss distribution elementP (0|k)
cannot be estimated accurately. (b) At present, EMLE does
not handle the loss of feedbacks. In future, we shall work on
these limitations and on ways of estimating loss rates of links
with less feedback bits.
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