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Introduction

> IP Multicast not widely deployed in the Internet
> Application Level Multicast (ALM) as a possible solution
> Quality of Service concepts required for ALM

> Concept to enable QoS with structured P2P networks
> Application with Scribe / Pastry

— Replace Pastry random ID assignment with QoS-aware method
— One Pastry P2P network per multicast group
— Root of multicast tree gets greatest Pastry ID

> Concept is used in the European EuQoS project to enable
IP Multicast (with QoS support) on end-systems
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> P2P routing substrate
> Ring structure
> Each peer has an unique ID (128 Bit)
> IDs are randomly chosen when joining the P2P network
> Choice is uniformly distributed
> ID assignment is neither locality nor QoS aware 
> Routing overhead: O(log n)

> Routing mechanism is network proximity aware
> Open-source implementation available (Freepastry)

Pastry Overview
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> Simplified example of
Pastry routing

> destination: e8cd
> source: 3d1f
> prefix routing
> routing hops:

— e2ce
— e831
— e8ca

> e8ca is numerically
closest to e8cd 

Pastry Routing
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Nodes get an ID assigned when they join the Peer-to-Peer
network. When a message needs to be routed to a certain
ID, Pastry efficiently routes the message to the node with a
node ID that is numerically closest to the ID of the message’s
destination. Pastry is self-organizing, scalable and completely
decentralized. It also takes node proximity (in terms of end-
to-end delay) into account to minimize the distance messages
are traveling.
Scribe [4], [22] builds on top of Pastry and is a large-scale
decentralized Application Level Multicast infrastructure and
supports a large number of groups and a potentially large
number of members for each group. Scribe provides best-
effort reliability guarantees. It balances the load on nodes to
achieve better delays and less link stress in comparison with
IP Multicast.
A more detailed description of Scribe /( Pastry regarding ID
assignment, routing and multicast tree building follows.
Pastry is a Peer-to-Peer location and routing substrate. Pastry
uses a 2128 large ID space, where hosts get random IDs
assigned when joining the Peer-to-Peer network. The IDs are
uniformly distributed over the whole ID space. This random
assignment of IDs does not take locality nor Quality of Service
requirements into account.
Pastry reliably routes messages identified by a key to the peer
with the numerically closest ID to the key. Routing uses less
than !log2bN" steps on average, where N is the amount of
nodes in the pastry Network and b is typically a parameter with
the value 4. Pastry guarantees eventual delivery unless l/2 or
more nodes with an adjacent ID fail at the same time, with l,
an even number parameter, being typically 16. Pastry holds for
each node a routing table with the size of (2b−1)∗!log2bN"+l
entries. The routing tables are organized into !log2bN" rows
with each 2b−1 entries. The entries of row n of a host’s routing
table point to other nodes which share the same first n digits
of their ID with the host itself, but the digit at position n + 1
has one of the 2b−1 possible values different from the digit at
position n+1 of the host’s ID. Each entry in the routing table
consists of the node’s ID and its corresponding IP address.
Additionally, each node maintains a list of nodes (IDs and IP
addresses) of the numerically closest hosts (l/2 entries for the
larger and l/2 entries for the lower IDs). Pastry tries to take
locality properties into account. A message is routed to the
closest (in terms the network latency) host found in the host’s
routing table whose ID matches the messages’ key prefix.
Fig. 2 shows how a message with the key e8cd gets routed
from a host with the ID 31df to the host e8ca, which is
numerically closest to the message’s key. On each hop from
the source host to the destination host the message gets routed
to a host which matches the first n digits of the message’s key,
where n is the hop count. For the first routing hop starting from
host 31df the message gets sent to host e2ce, which share’s
the first digit e of the message’s key. On the second hop the
message is routed to the host with the ID e831, which shares
the first two digits e8 of the message’s key. Finally it gets sent
to host e8ca, which is the host closest to the message’s key
and shares the first three digits e8c of the key.

Scribe [4] is a scalable Application Level Multicast infras-
tructure, which runs on top of Pastry. Multicast groups or

Fig. 2. Routing a message from node 31df with key e8cd

topics in Scribe’s terminology, can be created by any Scribe
node, however only one node is selected to disseminate the
topic’s data in the Peer-to-Peer network. This responsible node,
which is the root of the topic distribution tree, is the one with
the numerically closest ID to the topic-ID.
Scribe offers best-effort delivery of the Multicast data without
guaranteeing that the order of the packets is maintained. The
Multicast or topic tree gets built using a scheme similar
to reverse-path-forwarding. A Scribe host, subscribing to a
certain topic, sends a join message for this topic-ID. This
message is routed using Pastry’s routing mechanism towards
the topic’s root. The next node to which the join message gets
routed to remembers, that the node sending the join message
is interested in data for this topic. If this intermediate node
called a forwarder has not already joined this topic, it will
itself send a join message to the same topic. This process gets
repeated until a node is reached that has already joined the
topic or the root for the topic has been reached. Multicast
dissemination for this topic is now very easy. The root of a
topic sends messages to the next nodes of which it knows, that
they are interested in or have to forward the topic’s messages.
These nodes then forward the messages the same way. This is
repeated until a node is reached, which does not know of any
other nodes that would be interested in receiving the topic’s
messages. As a result Scribe nodes forwarding messages for
a certain topic are not necessarily subscribed to this topic.

IV. OM-QOS APPLIED TO SCRIBE / PASTRY

To provide Quality of Service guarantees such as bandwidth
or jitter in a Multicast tree the structure has to be as follows:
The root of the Multicast tree must be the node with the
highest Quality of Service requirement. Each child node can
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Scribe Overview

> Core based Application Level Multicast (ALM)
> Uses Pastry to construct an overlay structure (forwarding tree)
> Each multicast group (topic) has an unique multicast group 

(topic) ID (# of bits >= # of bits in an Pastry ID)
> Each multicast group has a core (root) node, which is the root 

of the distribution tree
— Root is the node with the ID numerically closest to the topic ID
— All outgoing traffic is forwarded to the root node, which forwards 

the traffic to it’s direct child nodes
> Open-source implementation available (Freepastry)
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Scribe Group Member Management

> TopicID = e8cd → root = e8ca (numerically closest to topicID)
> 1a- c: join of 3d1f via e2ce (makes e2ce and also e831 join) 
> 2: join of a1cc via e2ce (e2ce already in group, no extra joins) 

e8ca e831 e2ce 3d1f

a1cc

1a1b1c

2
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> QoS requires limited resources of the end-system
> Network QoS is not necessarily “free of charge”

> All Pastry/Scribe nodes (independent on their topic 
membership) can be/are used to forward multicast traffic 
→ one Pastry ring per multicast group (topic) needed

> For joining the Pastry ring associated with a multicast group 
(topic), the IP-address of at least one node must be known 
→ one DHT-like service is needed, which stores the endpoint-
addresses of at least few ring-members

Considerations about QoS with
Scribe / Pastry
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Fig. 3. Routing a message from node 31df with key e8cd

These nodes then forward the messages the same way. This is
repeated until a node is reached, which does not know of any
other nodes that would be interested in receiving the topic’s
messages. As a result Scribe nodes forwarding messages for
a certain topic are not necessarily subscribed to this topic.

IV. OM-QOS APPLIED TO SCRIBE / PASTRY

To provide Quality of Service guarantees such as bandwidth
or jitter in a Multicast tree the structure has to be as follows:
The root of the Multicast tree must be the node with the
highest Quality of Service requirement. Each child node can
only have a smaller or equal Quality of Service requirement
than its parent node. In other words, each end-to-end path
from the root to a leaf node in the Multicast tree has to have
a monotonically decreasing Quality of Service requirement.
Fig. 4 shows an example of such a multicast tree holding the
properties described above. If we analyze Scribe’s Multicast
tree construction, we can see that the constructed Multicast
tree does not necessarily hold this property. The reason for
this is that the end-to-end path from a leaf to the root is more
or less randomly chosen, due to random positioning of Pastry
nodes. Our evaluation in Section V shows that with Pastry’s
default (random) node ID assignment, less than 40% of the
end-to-end paths hold the above described property when hosts
get also random Quality of Service requirements assigned.
To achieve a construction of a Quality of Service enabled
Multicast tree using Scribe we propose the following: We use
one Pastry Peer-to-Peer ring for each Multicast group. The
reason for this is to have only peers interested in receiving the
Multicast data as potential forwarders. In this Pastry ring we
have only one topic with highest possible ID. The assignment
of IDs to joining nodes depends on their Quality of Service

monotonically
decreasing

QoS requirements

Root

Leaf

Fig. 4. Example of a multicast tree with monotonically decreasing Quality
of Service requirements from root to leaf nodes. Thickness of the lines
represents the degree of the Quality of Service requirement in terms of
required bandwidth (thicker line = higher bandwidth requirement).

requirement — a higher Quality of Service requirement results
in a higher ID. As shown in Section III the routing path from
a node with a lower ID to a node with a higher ID always
contains nodes with increasing IDs. By assigning node IDs
proportional to the node’s Quality of Service requirement,
we enforce a construction of Scribe Multicast trees, which
hold the decreasing Quality of Service requirement property
for each end-to-end path from the root to the leaves. One
possibility to assign node IDs proportional to the node’s
Quality of Service requirement is to partition Pastry’s ID space
into segments for each possible Quality of Service requirement
(see Fig. 5).

V. EVALUATION

We evaluate the properties of the Multicast trees created
by Scribe / Pastry using our modification ID assignment by
comparing it to the default (random) ID assignment of Pastry.
For our evaluation we generated network topologies using
the BRITE [24] network topology generator. We varied the
number of hosts between 100 and 800 in steps of 100. For each
number of hosts we generated 40 topologies. Each topology
was generated using Waxman’s model [25] with the following
parameters: the surface of the simulated area is 5000× 5000
meters, node placement is random, growth type is incremental,
α = 0.15, β = 0.2 and the number of neighboring nodes (m)
is 2. Each such network topology is converted to a distance
matrix by finding the optimal route (optimizing the number
of hops) for each host pair and calculating the round trip
time for that route. Additionally we assigned to each host
a random Quality of Service requirement (a value between
0 and 255). The generated distance matrix and the Quality
of Service requirement are then used to construct a Multicast
tree using Scribe / Pastry with our proposed ID assignment
method and with the default (random) ID assignment method.
The construction of the Multicast tree is performed using the

Building QoS aware Multicast Trees with 
Scribe / Pastry

> Structure of multicast tree 
for providing QoS
(bandwidth/jitter)

> Root node has highest QoS 
requirements / capabilities

> Child QoS req. <= parent  
QoS req.

> all e2e paths root → leafs: 
monotonically decreasing 
QoS requirements / 
capabilities
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> Root gets highest possible 
Pastry ID

> Assignment of IDs to 
joining nodes depends
on QoS req.:
higher QoS → higher ID 

> This enforces Scribe to 
construct multicast trees 
with required structure for 
QoS support
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Building QoS aware Multicast Trees with 
Scribe / Pastry cont.
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> Topologies with 100, ..., 800 hosts (each 40x), QoS: 1 - 255
> End-to-end paths with QoS requirements satisfied

— random ID assignment: avg. 35% - 40%, high deviations
— QoS aware ID assignment: 100%

Evaluation with Freepastry
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Evaluation with Freepastry cont.

> QoS-aware ID assignment results in same average end-to-
end path lengths as with default (random) Scribe / Pastry

> QoS-aware ID assignment in Pastry assures QoS-aware tree 
building with Scribe 
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Conclusion / Outlook

> Default Scribe / Pastry ID assignment does not guarantee 
building QoS-aware multicast tree

> Presented modifications to Scribe / Pastry to enable QoS-
aware multicast tree building
— QoS-related Pastry ID assignment
— One Pastry P2P network per active multicast group (topic)
— Root node has greatest possible Pastry ID

> Outlook:
— Compare end-to-end delays for random and QoS-aware ID 

assignment in Scribe / Pastry
— Work presented is part of OM-QoS, a general concept to enable 

QoS in structured P2P networks (Chord, CAN, ...)
→ adapt mechanisms to other structured P2P networks
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