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Incentive-Informed Inter-Domain Multicast
Jarno Rajahalme
Nokia Siemens Networks

Abstract—IP multicast enables reduced link loads for multiple
recipients with overlapping data paths. In inter-domain settings,
however, the costs and beneﬁts of multicast redundancy elimination fall on different economic entities. Hence, in the absence of
multicast speciﬁc inter-domain contracts and compensation, IP
multicast has remained mostly an intra-domain endeavor.
We propose incentive-informed inter-domain multicast, with
which domains base multicast operation solely on their local
unicast-derived incentives. Multicast forking will be provided
only by domains that ﬁnd it locally beneﬁcial. Multicast trafﬁc
will pass through other domains using unicast paths.
We ﬁnd that, overall, up to 95% of the optimal IP multicast
link load reduction can be attained, varying by the multicast
group size. Link loads near the multicast sources can still
remain high, mostly due to the considerable uphill diversity in
the Internet topology. However, causal dynamics seem to exist
for top tier transit providers to offer multicast as a service,
signiﬁcantly reducing the effective uphill diversity, thus enabling
highly reduced link loads also on uphill paths. In this case the
overall efﬁciency is also better than with optimal IP multicast.

I. I NTRODUCTION
Careful examination of current inter-domain trafﬁc incentives reveals that the costs and beneﬁts of IP multicast [1],
when applied to inter-domain scenarios, generally fall on different economic entities. This observation enables two possible
tracks for inter-domain multicast deployment. Following the
lead of [2], we assume that augmenting all existing bilateral
trafﬁc contracts with multicast speciﬁc accounting [3,4] and
processing rules, as required by the current slate of interdomain multicast protocols [5,6],1 is not practically possible.
Consequently, our focus is on augmenting the multicast service
model and protocol operation to be compatible with the
existing unicast trafﬁc incentives.
The IP multicast service model was originally deﬁned
“without a commercial service explicitly in mind” [8]. Interdomain networking, however, takes place between largely
independent administrative domains, typically representing
different economic entities, often in competition with each
other. Furthermore, this commercial inter-domain structure has
emerged around the unicast service model, where each packet
has exactly one sender and one receiver, both ﬁnancially
responsible for their share of the end-to-end connectivity [9]–
[11].
In contrast, the essence of the IP multicast model is that
it allows sources to send each packet only once, while the
network delivers the packet to multiple destinations. Assuming
the existing unicast contracts between sources and network
providers reveals the basic multicast tussle (Section II) [12]:
1 See

[7] for a thorough historical perspective.

The multicast sources are the main benefactors of the service,
while their network providers may ﬁnd their customer trafﬁc
levels reduced, decreasing customer revenues, while bearing
high next-hop transit costs due to trafﬁc forking to multiple
paid transit links.
The cost/revenue tussle repeats between all adjacent domains in the potential multicast delivery paths. Therefore, to
enable any inter-domain multicast to take place, one domain’s
decision to not participate should not preclude other domains
from providing multicast. In the extreme, when no domains
provide multicast service, the service should fall back to endto-end unicast between the sources and destinations.
Expanding on these considerations we propose an incentiveinformed inter-domain multicast model, where each domain
bases its multicast operation on its local unicast-derived incentives. In this model, domains create multicast branching points
only for those multicast groups, for which they ﬁnd forking
locally beneﬁcial. All other multicast trafﬁc is forwarded
using the normal unicast forwarding tables. The latter is also
what happens in domains with no multicast support. Unicast
forwarding across domain boundaries requires either changes
to the multicast addressing model (as in [13]), or use of
tunneling.2
Evaluating the proposed multicast model on the Internet
topology (Section V), we ﬁnd that most of the overall redundancy elimination made possible by IP multicast can be
attained by observing local incentives only. Furthermore, if
this design is adopted, it appears that top tier transit providers
could increase their customer trafﬁc by offering multicast as a
service. Evaluating this option (Section VI), we ﬁnd that the
uphill redundancy is almost completely eliminated, and that
the operation is more efﬁcient than optimal IP multicast.
II. T HE M ULTICAST T USSLE
The optimal IP multicast delivery structures are typically
composed of individual policy-compliant unicast paths, eliminating redundant transmissions on each link (see Figures 1(b)
and 1(c)) [3,16]. Noting that the typical unicast trafﬁc policies
are derived from the economical incentives of the participating
domains, it is perhaps surprising to see that the straightforward
combination of unicast paths into multicast delivery trees can
be incentive incompatible, when only unicast based revenue is
considered. For example, in Figure 1(c), for each packet sent
by the source S, the next hop provider is sending one packet
to another customer, and two to its own providers. Assuming
2 Unicast tunneling is already part of the current multicast protocols for
sending packets from sources to Rendezvous Points (RPs), or from an RP to
another [6,14], and as a transitional tool [15].
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Fig. 1. Incentive-informed inter-domain multicast example from source S to destinations D1−5 . Customer domains are depicted below their providers.
Figure (a) shows also the peering relationships (plain lines). In Figures (b-d) each arrow represents inter-domain trafﬁc, multiple parallel arrows representing
redundant transmissions. “#” indicates multicast state management and trafﬁc forking within a domain.

typical volume (tiered) charging, the provider is typically
better off not providing the multicast service (Figure 1(d)).
It follows, that like peering for unicast trafﬁc [17], interdomain multicast represents a tussle [12] between the stakeholders comprising the Internet. The fact that one party’s
cost savings may seem like lost revenue to another forms the
basic dynamic also in the multicast tussle. Consequently, each
preceding transit domain on any given path has an incentive to
block the following domains from providing multicast service,
since enabling multicast down the path leads to reduced upstream customer revenues. Given that the current inter-domain
multicast protocols (e.g., [5,6]) depend on the participation of
all the domains comprising the multicast delivery structures,
there is no design-time resolution for the multicast tussle.
Thus, the general direction of a deployable multicast solution emerges:
1) downstream multicast operation must not depend on the
(protocol) support of any upstream domain,
2) like with IP multicast, the multicast reception request
needs to come from the destination, enabling run-time
tussle resolution, and
3) in each domain, the local multicast policy, guiding the
protocol operation, must be derived only from the local
incentives.

III. M ULTICAST I NCENTIVES
In the abstract our aim is simple enough: allow all domains
to decide on a case-by-case basis whether they are interested
in serving a multicast reception request, or whether such a
request should be just forwarded to the next domain towards
the source, without taking any action. In order to assess the
possible beneﬁts of such a protocol, however, we need to
consider the concrete cases where deﬁnite decisions can be
seen to be made.
A. Assumptions
In the following, we assume that the network service
providers are in the business of providing network access and
transit services demanded by their customers. Furthermore,
we assume the existing unicast contracts, where end customers
pay bandwidth tiered ﬂat-rate charges for their Internet access,
and transit providers charge per volume, typically on 95
percentile peak basis [17].
The almost universal preference for least cost inter-domain
routing, i.e., preferring customer links over peering links, and
peering links over provider links, has lead to the valley-free
paths model [11], in which packets are ﬁrst forwarded uphill,
using only provider links. Forwarding is switched to downhill
portion as soon as possible, maybe over a peering link, after
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which only customer links are used. More than 99% of Internet
paths conform to this model [11]. We use these notions in our
analysis below.
For the purposes of comparing multicast and unicast efﬁcacy
we assume the destinations to create the trafﬁc demand based
on an application level service requested by the end users. The
trafﬁc volume received by the ultimate destinations is assumed
to be the same in both cases.
B. Local Incentives
Given the above assumptions, we now examine the incentives of all the parties along potential multicast delivery paths,
starting from the source:
a) Sources: For sources the beneﬁts of multicast are selfevident: redundancy elimination from the server ports, local
links and networks, and most importantly, from the uphill
transit links allows both cost savings and the ability to serve
larger number of destinations.
b) Uphill Access and Transit Providers: We touched upon this aspect in the Section II above. It follows that assuming
only unicast-derived revenue, all uphill transit providers are
better off not providing the multicast service, as their customer
revenue is maximized by the multiple unicast transmissions
from the source.
c) Downhill Transit and Access Providers: If the transition to downhill portion takes place over a peering link, then
the local multicast incentive at the receiving peer depends
on the speciﬁcs of the peering agreement and the state of
the peering link(s). If additional incoming trafﬁc increases
costs, or saturates the link(s), providing multicast forking is
beneﬁcial.
The transit and access providers closest to receivers, however, are clearly potential beneﬁciaries due to reduced transit
costs. It follows that when considered separately, all domains
on the downhill portions of valley-free paths would beneﬁt
from reducing redundancy on their paid transit links. But
since their cost savings represent lost revenue from their
provider’s viewpoint, the only chance for multicast deployment
comes through domains unilaterally offering multicast service
in cases where they can realize transit cost savings or more
customer revenue, or both.
d) Destinations: Destination networks with multiple receivers have a natural incentive for reducing incoming transit
trafﬁc. However, following from our trafﬁc demand assumption, the ultimate destinations (hosts, users) of the multicast
trafﬁc have little to gain from multicast as such, but there
are no obvious disincentives either. The increasing trend of
service-speciﬁc code running in destination hosts (e.g., clientside scripting) makes the destinations share some of the
incentives of the application service providers. This makes it
possible for the destination nodes to request multicast service
without explicit consent of, nor any harm to, the respective
end users.
IV. D OMAIN - LEVEL M ULTICAST P OLICY
Our next step is to derive a generic unicast friendly interdomain multicast policy – a default set of multicast routing

rules that could be safely turned on by all network service
providers, and thus make multicast available for all network
applications.
Due to the possible negative incentives and additional overhead cause by multicast, the policy needs to include an opt-out
mechanism. This consideration calls for unicast forwarding of
multicast trafﬁc across domain boundaries.3
Since clear multicast incentives exist only at the sources and
on the destination side of the inter-domain paths, multicast
operation must be requested by each destination, sending a
multicast reception request towards the source.
We deﬁne the policy by specifying domain-level processing
rules as follows:
1) Drop all requests in violation of the local unicast routing policy. I.e., drop requests coming from provider or
peering links, if the next inter-domain hop towards the
source would be a non-customer link. This rule enforces
valley-freeness of the resulting multicast paths.
2) Intercept requests, whose next-hop towards the multicast
source would be either a provider link or a peering or
a sibling link for which incoming trafﬁc reduction is
desirable,4 as follows:
a) If a local domain-level multicast branching point
(RP) for this multicast group already exists, the new
destination is added and the request is terminated.
b) Otherwise, local policy is used to determine whether
a new RP is created:
i) Typically an RP would not be created for the
ﬁrst request for a given multicast group, allowing
the packets to pass through the domain in unicast
mode without any additional overhead. The original
request is forwarded towards the source.
ii) If an RP is created, the request is terminated, and
a new request, indicating the new RP as the (only)
destination, is sent towards the source.
3) Forward all other requests, allowing the requested trafﬁc
be delivered without multicast processing in this domain.
Any domain not implementing multicast would follow its
normal unicast policy for drop/forward. We omit further state
management details for brevity.
V. P OLICY E VALUATION
The multicast policy given above is sub-optimal by deﬁnition, but exactly how much of the optimal multicast efﬁciency
is lost? To answer this question we apply the policy to the
observed Internet inter-domain topology [18]. We test the
policy operation for different group sizes, as we expect results
to differ for small and large groups.
Source and destination domains are taken from power-law
distributions derived from the inter-domain transit hierarchy,
3 Sometimes unicast is preferred also within networks with multiple destinations. E.g., in wireless networks, link layer multicast typically requires
cell-wide broadcast, using more energy and causing more inter-cell and interchannel interference, than, say, two energy-optimized unicast transmissions.
4 Paid peering links would fall into this category. Sibling link [11] processing
depends on the type of the next non-sibling relation towards the source.
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(a) Efﬁcacy with different multicast peering policies.
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(b) Efﬁcacy with and without additional peering links.

Fig. 2. The degree of redundancy elimination with incentive-informed inter-domain multicast. 0% and 100% levels correspond to unicast and IP multicast,
correspondingly. “1st hop” refers to the ﬁrst inter-domain hop from the source for the preceding policy case. (ALT) marks the use of additional peering links.

observing measured utility rank correlations and measured
power-law distributions [19]. These variates are re-generated
for each simulation round.
The overall level of multicast efﬁcacy can be approximated with the network-wide redundancy elimination metric.
However, since the strain of sending multiple unicast ﬂows
is highest near the sources, we also look at the number of
redundant transmissions on the ﬁrst hop from the sources.
To overcome some of the contingency in the local policy
(Section IV), we observe the efﬁcacy for three different local
policies regarding peering links:
1) In the best case, all multicast reception requests, for
which the next inter-domain hop towards the source
is a peering link, are intercepted, and a local RP is
created whenever there are two or more recipients for
the multicast group.
2) No multicast peering over tier-1 peering links. Since
excessive sending by peers results in settlement payments
[9], incoming trafﬁc redundancy is welcomed, and hence
is not reduced. This also allows the (competing) peer to
keep more of its customer trafﬁc.
3) No multicast redundancy elimination over any peering
links. This represents the absolute worst case, as, for example, an access provider peering with a content provider
has really no reason to not reduce the overhead in their
peering link.5
Figure 2(a) shows the mean results6 of 10 rounds of 200
senders sending multicast trafﬁc to destination groups of
5 In fact, the content provider might require the access provider to provide
multicast to manage their network load.
6 The variance in the means is so low that the error bars are barely
noticeable.

different sizes. Graphs for the three policy options regarding
trafﬁc arriving over a peering link are shown. For each local
policy option both the overall and the ﬁrst hop redundancy
reduction are shown.
The lower level of redundancy elimination on the ﬁrst hop
shows the effect of the lopsided multicast incentives along the
end-to-end path. The treatment of incoming peering links is
signiﬁcant, as prior to the peering link there are only customerprovider links, for which we found no unicast compatible
incentive for multicast provision.
To assess the effect of the up to 90% of peering links
reportedly missing from the CAIDA datasets [20], we augmented the CAIDA topology with 900% additional peering
links according to the following simple rules:
1) All peering relationship at and above the domains with
Route Views route monitors [21] are known, so none is
added to these domains.
2) No peering for singly-homed stub domains. We assume
that domains with interest for peering would ﬁrst ﬁnd
interest for multi-homing.
3) No peering with (transitive) customers. I.e., no peering
with ones providers, their providers etc.
Observing these rules we pick 10 different augmented
datasets, each with peering domains selected with our trafﬁc
model, so that the domains most likely to originate trafﬁc are
also the ones that are more likely to peer than others. As the
peering relations are the most dynamic part of the Internet
topology, the augmented datasets also provide a view on how
the results might change when the topology evolves.
The mean effect of the additional peering is shown in
Figure 2(b). For each policy choice deﬁned above, we show
the overall efﬁcacy with the CAIDA dataset (same curves as in
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Fig. 3. The degree of redundancy elimination with tier-1 detour multicast, with incentive-informed inter-domain multicast on the downhill paths. 0% and
100% levels correspond to unicast and IP multicast, correspondingly. “1st hop” refers to the ﬁrst inter-domain hop from the source for the preceding policy
case. (ALT) marks the use of additional peering links.

Figure 2(a)), and the corresponding policy with the augmented
datasets. The effect on ﬁrst hop links is similar (not shown).
While the results above can be considered signiﬁcantly
better than for our multiple unicast baseline, sending hundreds
of copies for larger groups still feels wasteful. However,
this seems to be the best we can attain with the assumed
deployment model. Next we will look for an alternative design
with one more assumption, and with strikingly good results.
VI. T IER -1 D ETOUR M ULTICAST
Overall, it seems that as a block transit providers would
be better off if there was no multicast at all, as making
senders use unicast maximizes the overall network trafﬁc and
revenue, based on the existing contracts. Luckily Internet
transit provision is highly competitive undertaking, making
it difﬁcult for any provider to force others to use their
services. The steady increase of bilateral peering provides
an illuminating example of the dynamic in Internet transit
provision. Apart from potential beneﬁts to service quality (e.g.,
latency), the main motivation for such peering is reduction
of paid transit trafﬁc and the corresponding savings from the
transit costs. Transit providers face decreasing revenue, but
due to competition between transit providers, they can do little
about it.
This being the case, it is possible that some transit providers
might be able to draw more customer trafﬁc to their networks
by offering multicast as a service. In such a service sources
would include multicast group addresses referring to their
service providers in multicast session descriptions, causing
multicast reception requests to be routed via their multicast

service providers.7 Sources then use unicast to send the multicast trafﬁc to their multicast service providers, who then fork
the trafﬁc to their customer links. This effectively eliminates
the use of peering links below the multicast service provider
domains in the transit hierarchy. Facing increasing levels
of transit trafﬁc, the only sensible move the downhill-side
providers can make is to respond to the multicast reception
requests they receive from their customers, as described in the
preceding sections.
However, such unilateral operation may face a problem with
coverage, since increasing the trafﬁc volumes on outgoing
peering links may be undesirable. This is because the increased
trafﬁc may tilt the peering links out of balance, leading to
settlement payments to the peers [9]. To bypass this issue,
we assume the sources to send a limited number of copies,
one for each tier-1 domain required to cover the given set of
destinations, based on the multicast reception requests they
receive.
Figure 3(a) shows the mean results of the same simulated
multicast cases as reported above in Figure 2(a), but now
showing the degree of multicast redundancy elimination with
the tier-1 detour design.
Overall, the tier-1 detour option performs better than optimal IP multicast, even when sources still send multiple copies.
This is due to the fact that the paths via the tier-1 domains
closest to the destinations are on the average shorter than the
normal unicast paths inﬂated by the unicast routing policies
[22]. In the case of the largest group size tested (8192) the
mean number of copies sent over the ﬁrst inter-domain hop
7 Alternatively, various source routing mechanisms could be used for the
same effect.
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has now reduced to ∼11.5. The ﬁrst hop overhead does not
signiﬁcantly increase even for larger groups, as a relatively
small set of tier-1 domains can reach most of the hosts in the
Internet.
This kind of policy is clearly attractive whenever the
multicast trafﬁc represents new customer trafﬁc for the tier1 domains. This is not always the case, however. To address
this question, we assume that none of the trafﬁc is new, and
ask would the tier-1 customer trafﬁc increase, if they offer
multicast as a service to all Internet users, including some of
their paying customers, from which some incoming trafﬁc will
be thus reduced?
Figure 3(b) shows the degree of trafﬁc increase/decrease,
should the tier-1 domains offer multicast as a service. For
smaller group sizes the answer is clear, but for larger groups
the relative tier-1 beneﬁt depends on the degree of trafﬁc
reduction made earlier via the local multicast policy decisions.
If all domains consider incoming peering trafﬁc as an expense,
then tier-1 detour multicast will beneﬁcial for all group sizes.
We also include the comparison to IP multicast, and conclude
that tier-1 detour multicast is by far more beneﬁcial for tier-1
transit providers than IP multicast.
Finally, we note that the tier-1 domains seem to be in the
unique position where they could host any new bandwidth
intensive applications (with or without multicast) and ﬁnd their
customers paying for the increased trafﬁc volumes.
VII. C ONCLUSIONS
We have observed the incentives at play with inter-domain
multicast provision, and found that for inter-domain multicast
to be deployable, it must be able to pass through nonparticipating domains. As the costs and beneﬁts of optimal multicast operation generally fall on different economic
entities, most end-to-end paths will have domains with no
incentives for multicast provision, when only trafﬁc volume
derived revenue is assumed. As a general remark we note
that the multicast incentives are unbalanced along the end-toend paths.8 Sources and destination-side providers can beneﬁt, while source-side providers may face reduced customer
revenues. Destination hosts have no particular incentive for
multicast reception per se, if the unicast alternative is available.
Based on these ﬁndings we have derived a default incentiveinformed inter-domain multicast policy. In our evaluation
we ﬁnd that most of the optimal IP multicast redundancy
elimination beneﬁts are attainable even when operation is
based on local incentives only.
Furthermore, we ﬁnd that if such a multicast model is
adopted, an opportunity to draw some of the lost trafﬁc back
to the top tier transit networks opens up. Our evaluation
shows that such a tier-1 detour multicast, combined with
voluntary downhill redundancy elimination according to our
default policy, has even higher network-wide efﬁciency than
the optimal IP multicast model. Due to the small number of top
tier transit providers being able to reach most of the Internet
8 This

mirrors our earlier ﬁndings for inter-domain caching incentives [23].

destinations, the uphill redundancy is also very limited, and
scales well also for very large group sizes.
With these ﬁndings we conclude that the elusive interdomain multicast deployment seems possible, given that the
inter-domain trafﬁc policies are considered already in the
protocol design phase, rather than as an after-thought only.
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