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For scalable multicast transport, one of the promising 
approaches is to employ a control tree known as acknowl-
edgement (ACK) tree which can be used to convey infor-
mation on reliability and session status from receivers to a 
root sender. The existing tree configuration has focused on 
a ‘bottom-up’ scheme in which ACK trees grow from leaf 
receivers toward a root sender. This paper proposes an al-
ternative ‘top-down’ configuration where an ACK tree be-
gins at the root sender and gradually expands by including 
non-tree nodes into the tree in a stepwise manner. The pro-
posed scheme is simple and practical to implement along 
with multicast transport protocols. It is also employed as a 
tree configuration in the Enhanced Communications 
Transport Protocol, which has been standardized in the 
ITU-T and ISO/IEC JTC1. From experimental simula-
tions, we see that the top-down scheme provides advan-
tages over the existing bottom-up one in terms of the num-
ber of control messages required for tree configuration and 
the number of tree levels. 
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I. INTRODUCTION 

The end-to-end multicast transport is one of the important is-
sues in the next generation Internet research areas. Multicast 
transport issue includes the reliable multicast such as the error 
control and congestion avoidance, and the control of multicast 
session such as status monitoring and session management on 
top of IP multicast in the networks [1]. 

Numerous researches on the multicast transport have been 
made over the past 10-20 years [2], [3]. Based on those works, 
the IETF Reliable Multicast Transport (RMT) Working Group 
[4] has been standardizing three RMT protocols: Layered 
Coding Transport, NACK Oriented Reliable Multicast, and 
Tree based ACK (TRACK) protocols. On the other hand, 
ITU-T and ISO/IEC JTC 1 have also made efforts to develop 
a standard protocol for end-to-end multicast transport under 
the project of Enhanced Communications Transport Protocol 
(ECTP) [5]-[7]. ECTP has been designed to support a tight 
control of multicast sessions and Quality of Service (QoS) 
management as well as the reliability provisioning for multi-
cast transport [8]. 

In the ECTP and TRACK protocols, the error and congestion 
controls are provided over a logical control tree. Such a control 
tree is called an acknowledgement (ACK) tree in that it specifies 
the logical paths for ACK packets containing the reliability and 
session status information from receivers to a root sender. Along 
the tree hierarchy, ACK packets are forwarded from the receiv-
ers to the sender via one or more intermediate repair head (RH) 
nodes, and the sender and RH nodes will perform retransmis-
sion of lost data packets for their children receivers. 

While a session is created, an ACK tree is configured to con-
nect the sender and receivers into a hierarchical tree structure. 
The IETF is developing a tree configuration scheme [9], in 
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which an ACK tree is automatically constructed by interactions 
between sender and receivers. This scheme is called a ‘bottom-
up’ approach taking the viewpoint that the ACK tree construc-
tion process starts from the leaf receivers, and the tree gradually 
grows toward the root sender. The related work or its variants 
can be referred to in the literatures [10], [11]. 

The bottom-up approach for tree configuration may give 
some benefits in terms of the tree optimization, but it also in-
volves the following drawbacks: 
 
• a deeper tree with many tree levels 

The bottom-up scheme is inclined to generate a deep tree 
with many tree levels since all the nodes try to find the nearest 
parent nodes without any consideration of the configured tree 
levels. Note that many tree levels are not desirable for the stable 
operation of the tree-based reliability mechanisms. For exam-
ple, the delivery of the error and congestion status information 
from the leaf receivers to the root sender will be more delayed 
in a deeper tree due to the frequent ACK aggregations at the in-
termediate RH nodes. 
 
• more control messages required for tree configuration 

The bottom-up scheme based on the Expanding Ring Search 
(ERS) may generate more optimized trees in terms of the time-
to-live (TTL) hop distances. It is noted, however, that such op-
timal trees are obtained at the cost of more control messages for 
the tree configuration. More control messages require more 
network bandwidths. 

 
In addition to these drawbacks, the bottom-up scheme can-

not guarantee a loop-free tree configuration. To provide a loop-
free ACK tree, an additional metric such as distance from the 
sender must be enforced along with an appropriate activation 
rule [11]. In particular, the ERS-based scheme depends on the 
multicast transmission capability of end receivers, while the re-
cently focused multicast routing protocol such as Source Spe-
cific Multicast [12] excludes such assumption. 

In this paper, we propose an alternative top-down tree 
configuration [13], in which, only the on-tree RH nodes are 
allowed to accept children, but an off-tree RH is prohibited 
to have its children. Thus, an ACK tree will grow from the 
root sender toward the leaf receivers by including the non-
tree nodes in a stepwise manner. The proposed top-down 
scheme generates a lower-level tree with less control mes-
sages. The proposed scheme also provides a loop-free tree 
intrinsically. 

The underlying idea for tree configuration is simple but prac-
tical in the viewpoint of the design of a realistic multicast trans-
port protocol. In particular, the proposed tree configuration will 
be preferred by multicast sessions that require the sender-

initiated tight control of overall tree for billing and security 
purposes, as described in ECTP. 

This paper is organized as follows. Section II introduces the 
ECTP protocol as an example standard protocol for multicast 
transport, along with tree-based reliability mechanisms. In Sec-
tion III, the existing ERS-based bottom-up scheme is summa-
rized more in detail. The proposed top-down scheme is de-
scribed and compared with the bottom-up one in Section IV. 
Section V shows the experimental results for the evaluation of 
the proposed scheme under a variety of test environments. In 
Section VI, we conclude this paper. 

II. A MULTICAST TRANSPORT PROTOCOL: 
ECTP 

This section introduces the ECTP protocol, which is a stan-
dard protocol for multicast transport based on ACK tree [5], [6]. 
The ECTP is a transport protocol designed to support Internet 
multicast applications. ECTP operates over IPv4/IPv6 net-
works that have IP multicast forwarding capability. Figure 1 
shows an overview of the ECTP operations. 

Before an ECTP transport connection is created, the prospec-
tive receivers are enrolled into the multicast group. Such a 
group is called an enrolled group. During enrollment, authenti-
cation processes may be performed together with group key 
distribution. 
 

ECTP
Connection

Lifetime

Connection Termination

Multicast Data Transfer

Tree-based Reliability Control

Tree Membership Maintenance

Late Join and Leave

QoS Monitoring

QoS Maintenance

Control Tree Creation

QoS Negotiation

Connection Creation

Fig. 1. ECTP protocol operations. 
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The IP multicast addresses and port numbers must be an-
nounced to the receivers. These enrollment operations may rely 
on the web page announcement. 

An enrolled receiver will be connected to the multicast-
capable network with the help of the IP multicast routing pro-
tocols. Those multicast routing protocols will refer to the an-
nounced multicast addresses. An ECTP transport connection 
will be created for the enrolled receivers. 

ECTP is designed to support tightly controlled multicast 
connections. ECTP sender is at the heart of the multicast group 
communication. The sender is responsible for the overall man-
agement of the connection by governing connection creation 
and termination, and the late join and leave operations. 

The ECTP sender triggers the connection creation process by 
sending a connection creation message. Each enrolled receiver 
responds with a confirmation message to the sender. The con-
nection creation is completed when the sender receives the 
confirmation messages from all of the active receivers, or when 
the pre-specified timer expires. QoS negotiation may be per-
formed in the connection creation [7]. 

Throughout the connection creation, some or all of the en-
rolled group receivers will join the connection. The receivers 
that have joined the connection are called active receivers. An 
enrolled receiver that is not active can participate in the connec-
tion as a late-joiner. The late-joiner sends a join request to the 
sender. In response to the join request, the sender transmits a 
join confirm message, which indicates whether the join request 
is accepted or not. An active receiver can leave the connection 
by sending a leave request to the sender.  

After a connection is created, the sender begins to transmit 
multicast data. For data transmission, an application data 
stream is sequentially segmented and transmitted by means of 
data packets to the receivers. The receivers will deliver the re-
ceived data packets to the applications in the order transmit-
ted. 

To make the protocol scalable to large multicast groups, 
ECTP employs the tree-based reliability control mechanisms. A 
hierarchical tree is configured during connection creation. A 
control tree defines a parent-child relationship between any two 
tree nodes comprising a pair. The sender is the root of the con-
trol tree. Each local group is defined along the tree hierarchy. A 
local group consists of a parent and zero or more children. The 
error, flow and congestion controls are performed for each lo-
cal group defined by the control tree. Figure 2 illustrates an 
ACK tree hierarchy for reliability control, in which each node 
represents a sender (S), a receiver (R), or repair head (RH). In 
the tree creation, a control tree is gradually expanded from the 
sender to the receivers. Therefore, it is called a top-down con-
figuration. ECTP has also adopted a bottom-up approach stan-
dardized in IETF [9]. 

S

RH RH RH

R RR R RR R RR

Multicast Data
Transmission

ACK

Fig. 2. ACK tree for reliability control.  
 

In ECTP, error control is performed for each local group de-
fined by a control tree. If a child detects a data loss, it sends a 
retransmission request to its parent via ACK packets. An ACK 
message contains the information that identifies the data pack-
ets successfully received. Each child can send an ACK mes-
sage to its parent using one of the two ACK generation rules: 
ACK number and ACK timer. If data traffic is high, an ACK is 
generated for the ACK number of data packets. If the traffic is 
low, an ACK message will be transmitted after the ACK timer 
expires. After retransmission of data, the parent activates a re-
transmission back-off timer. During the time interval, the re-
transmission request(s) for the same data will be ignored. Each 
parent can remove the data acknowledged by all of its children 
from its buffer memory. 

Tree-membership is maintained during the connection. A 
late-joiner is allowed to join the control tree. The late-joiner lis-
tens to the heartbeat messages from one or more on-tree par-
ents and then joins the best parent. When a child leaves the 
connection, the parent removes the departing child from the 
children-list. Node failures are detected by using periodic con-
trol messages such as null data, heartbeat and acknowledge-
ment. The sender transmits periodic null data messages to indi-
cate that it is alive, even if it has no data to transmit. Each par-
ent periodically sends heartbeat messages to its children. On 
the other hand, each child transmits periodic acknowledgement 
messages to its parent. 

During the data transmission, if severe network congestion is 
indicated, the sender suspends the multicast data transmission 
temporarily. In this period, no new data is delivered, while the 
sender transmits periodic null data messages to indicate that it 
is alive. After a pre-specified time, the sender resumes the mul-
ticast data transmission. 

After an ECTP connection is created, QoS monitoring and 
maintenance operations are performed for the multicast data 
transmission [7]. For QoS monitoring, each receiver is required 
to measure the parameter values experienced. Based on the 
measured values, a receiver determines a parameter status value 
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for each parameter. These status values will be delivered to the 
sender via ACK packets. Sender aggregates the parameter status 
values reported from receivers. If a control tree is employed, 
each parent RH node aggregates the measured values reported 
from its children and forwards the aggregated values to its par-
ent via its ACK packets. 

The sender takes QoS maintenance actions necessary to 
maintain the connection status at a desired QoS level, based on 
the monitored status values. Specific rules are pre-configured to 
trigger QoS maintenance actions such as data transmission rate 
adjustment, connection pause and resume, and connection ter-
mination. Those rules are based on observation that how many 
receivers are in the abnormal or possibly abnormal status.  

The sender terminates the connection by sending a termina-
tion message to all the receivers after all the multicast data are 
transmitted. The connection may also terminate due to a fatal 
protocol error such as connection failure. 

III. BOTTOM-UP TREE CONFIGURATION 

The tree configuration currently proposed in IETF [9] can be 
considered as a bottom-up approach from the viewpoint that all 
the leaf receivers try to find their parent RH nodes in parallel 
and the tree is expanded from the leaf receivers toward the root 
sender.  

A generic tree configuration proceeds in the order of session 
advertisement, RH discovery, and binding to the best RH. In 
the session advertisement, each receiver realizes the existence 
of a session and the sender by using an out-of-band mechanism 
such as Web page announcement. In this way, the receiver will 
obtain the multicast group address and the sender’s address, 
and the other information necessary for the ACK tree construc-
tion. When the sender indicates the creation of an ACK tree, 
each receiver begins the RH discovery process to find one or 
more candidate RH nodes that are active in the session. Among 
the candidate RH nodes discovered, a receiver selects and 
binds to the best RH node as its parent by using a pre-
configured rule such as TTL distance or IP address. 

Depending on the RH discovery mechanism employed, the 
detailed tree configuration procedures are slightly different from 
each other. In [9], three different RH discovery mechanisms are 
provided: point of contact (POC) based, generic router assist 
(GRA) based and expanding ring search (ERS) based. 

A POC is a dedicated server that is established for the ACK 
tree construction in the network. Each RH node enrolls itself to 
the POC which is located in its domain. Each receiver asks the 
POC “which RH nodes are active in the domain.” The POC 
then responds to the receiver with a list of active RH nodes. 
The GRA approach tries to construct an ACK tree that keeps 
congruency with the underlying multicast routing tree topology. 

To do this, each GRA router collects the routing tree informa-
tion and delivers it to the downstream receivers for the associ-
ated multicast group. 

In the ERS-based scheme, a receiver discovers the RH nodes 
by using multicast query messages. Each receiver first asks if 
there is a neighboring RH node by multicast. One or more RH 
nodes may respond to the query message. If there is no re-
sponse from RH nodes, the receiver will re-send the query 
messages with an increased TTL value until at least one RH 
node is discovered. 

We note that both POC and GRA schemes depend on the 
dedicated facilities such as POC servers or GRA routers that 
have been pre-configured in the network. The corresponding 
performance for the tree configuration also depends on how 
much those facilities are deployed. This paper thus focuses on 
the ERS-based scheme as a promising bottom-up tree configu-
ration scheme. 

The ERS-based bottom-up tree configuration scheme is 
illustrated in Fig. 3, and the control messages employed for the 
tree configuration are summarized in Table 1. 

For tree configuration, the sender first indicates the tree crea-
tion by sending a session BEACON message to all the receiv-
ers and RH nodes. 
 

 

QUERY 

BIND 

BIND 

Sender Repair Head Receiver 

ADVERTISE

ACCEPT  

BEACON 

ACCEPT or REJECT 

 
Fig. 3. ERS-based bottom-up configuration scheme.  

 

Table 1. Control messages employed for the ERS-based bottom-up 
configuration. 

Message 
Types From To Transport Description 

BEACON Sender Receivers Multicast Indication of tree 
creation 

QUERY Receiver RHs Multicast Finding candidate 
RHs 

ADVERTISE RH Receivers Multicast Response from RH

BIND Receiver RH Unicast Bind request 
ACCEPT or 

REJECT RH Receiver Unicast Response to the bind 
request 
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The BEACON message contains a metric, by which each RH 
or receiver can measure the TTL distance from the sender, 
which will be used to generate a loop-free ACK tree, as de-
scribed later. 

When the tree creation is indicated, each receiver begins to 
find the candidate RH nodes by sending a multicast QUERY 
message. Some of the RH nodes may respond with a multicast 
ADVERTISE message. The ADVERTISE message may con-
tain the TTL distance from the sender to the responding RH 
node. If there is no response from RH nodes, the receiver re-
transmits the QUERY message by increasing the TTL value of 
the corresponding IP packet.  

Once one or more candidate RH nodes are discovered, the 
receiver selects the best RH node. The specific rule for the se-
lection typically depends on the implementations. In the ERS-
based scheme, the RH node with the shortest TTL distance 
from the sender is preferred. If a tie occurs in the TTL distance, 
the RH node with the lowest IP address will be chosen. It is 
noted that the TTL distance and the IP address can be used to 
guarantee the generation of a loop-free ACK tree since all the 
RH nodes can be distinctively arranged in the order of those 
two metrics. 

The receiver binds itself to the chosen RH by sending a 
BIND message, and the RH node will respond with an AC-
CEPT or REJECT message. The decision of ACCEPT or RE-
JECT may be made based on the tree parameters such as the 
maximum number of children. If a receiver receives a REJECT 
message, it will retry to join another RH node. 

When an RH node which is not on the tree has its own child, 
it begins the process to find its parent node. The procedural steps 
for parent discovery are the same as those for RH discovery. If 
the sender is located in the neighborhood, the RH node will bind 
itself to the sender without using a QUERY message. If some of 
the receivers have failed to attach to the tree, they may join the 
tree as late-joiners, which is outside the scope of this paper. 

IV. TOP-DOWN TREE CONFIGURATION 

The bottom-up tree configuration seems to be effective in 
terms of tree optimization. However, such a scheme is inclined 
to generate more control messages for the tree configuration and 
a deeper tree with more tree levels than necessary. In this section, 
a top-down tree configuration scheme is proposed which aims 
to overcome these drawbacks of the existing approach. 

1. Preliminaries 

Depending on multicast deployment in the network, the 
sender and RHs may share a single IP multicast address or use 
different IP multicast addresses. In the networks where sender 

and RHs use different multicast addresses or channels, all of the 
multicast addresses employed must be announced to the group 
members before the ACK tree is created. In this case, one of 
them is used for the multicast data transmission by sender, and 
the others are for the multicast control by RHs such as the mul-
ticast data retransmission and the multicast transmission of con-
trol messages. If a single multicast address is shared by sender 
and RHs, the TTL-scoped multicasting is required for each mul-
ticast traffic to restrict the multicast traffic into its local scope. In 
this paper, the TTL-based traffic scoping is assumed for fair 
comparison of the bottom-up and top-down schemes. 

Before a tree is created, every prospective group member 
must be attached to the network interface with the help of the 
IP multicast routing protocols. This ensures that the enrolled 
member listens to the multicast control packets from sender 
and RHs for tree configuration. 

2. Tree Configuration Mechanisms 

The proposed top-down scheme is similar to the existing bot-
tom-up approach from the viewpoint that the same control 
messages as those used in the existing scheme are employed 
for the tree configuration. However, the QUERY messages 
from the receivers to the RH nodes are not used in the proposed 
scheme. The procedural steps for the tree configuration are also 
different from those in the bottom-up scheme.  

In the proposed scheme, an ACK tree gradually grows from 
the root sender to the receivers via one or more RH nodes. 
When an RH node is on the tree, it begins to find its children 
nodes by sending a multicast ADVERTISE messages to non-
tree nodes. 
 

More specifically, the top-down tree configuration steps can 
be summarized as follows: 
 
(A) Sender transmits a BEACON message for indication of the 

tree creation. 
(B) Some of the neighboring receivers or RH nodes join the 

sender by sending a BIND message. The sender responds 
with the corresponding ACCEPT or REJECT message. 

(C) When an RH node is on the tree, it begins to transmit AD-
VERTISE messages to invite non-tree nodes. Each non-
tree receiver will collect the information on the list of on-
tree RH nodes by receiving the ADVERTISE messages 
from one or more RH nodes. 

(D) When a non-tree RH or receiver receives one or more 
ADVERTISE messages, it selects the best on-tree RH node 
and sends a BIND message to the selected RH node.  

(E) The on-tree RH node determines whether the BIND re-
quest must be accepted or rejected. In the REJECT case, 
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the receiver will try to join another on-tree RH node. 
(F) These procedures are repeated until all the nodes are in-

cluded into the ACK tree. 
 

Figure 4 illustrates an instance of the top-down tree configu-
rations. As shown in the figure, the QUERY message is not 
used in the top-down configuration. Instead, each on-tree RH 
node triggers the invitation of the non-tree RH or receiver 
nodes by sending a multicast ADVERTISE message. 
 

 

BIND 

BIND 

Sender Repair Head Receiver

ADVERTISE 
ACCEPT  

BEACON 

ACCEPT or REJECT 

 
Fig. 4. Top-down tree configuration scheme.  

3. Comparison of the top-down and bottom-up schemes 

In the top-down configuration scheme, the on-tree RH nodes 
invite the non-tree nodes by sending multicast ADVERTISE 
messages, and thus the QUERY messages from the receivers 
are not used. This ensures that the ACK tree gradually grows 
from the root sender to the leaf receivers by including non-tree 
nodes in a step-wise manner. Figure 5 shows the difference be-
tween the two schemes. 

The top-down configuration gives some advantages over the 
bottom-up scheme, which include: 

(A) Reduced Control Messages for Tree Configuration 

The top-down scheme basically gets rid of the QUERY mes-
sages used in the bottom-up approach. In addition, it does not 
depend on the TTL increases unlike the ERS-based scheme. 
Owing to these features, the control messages required for the 
tree configuration are dramatically reduced. 

(B) Lower Number of Levels in Tree 

Since the tree gradually expands from the root sender to the 
leaf receivers, the top-down scheme is inclined to generate a 
tree with as few tree levels as possible. Fewer levels are pre- 
ferred to reduce the feedback time from the leaf receivers to the 
sender in the TRACK protocol operations. 

S

RH RH

R RR R RR

S

RH

R RR

RH

R RR

 

S

RH RH

R RR R RR

S

RH

R RR

RH

R RR

 

Fig. 5. Comparison of the bottom-up and the top-down schemes.

(a) Bottom-up scheme 

(b) Top-down scheme 

 

(C) Simpler to Implement 

The bottom-up scheme needs to use an additional metric such 
as the TTL distance from the sender for generating a loop-free 
tree, while the top-down scheme can guarantee no loops since 
only the on-tree RH nodes are allowed to invite their children. 

(D) Independency of the Underlying Multicast Routing 

The ERS-based scheme requires the multicast transmission 
capability of end receivers so as to find a parent node by using 
Query message (see Table 1 of Section III), while in the top-
down scheme such an assumption is not required, since the 
multicast transmissions are allowed for only RH nodes. 

V. EXPERIMENTAL RESULTS 

In this section, we compare the performance of the existing 
ERS-based bottom-up with the proposed top-down tree con-
figuration schemes through experimental simulation results. 

1. Simulation Environments 
All the simulation experiments are performed for 100, 250, 

500, 750 and 1000 tree nodes. Each node in the network is ran-
domly plotted in the plane of 35 × 35 pixels, where one integer 
pixel unit represents one TTL hop distance. The link distance 
between any pair of nodes is given by calculating the TTL link 
distance between those two nodes on the plane. For each test 
network, 10% of the overall tree nodes are assigned as the RH 
nodes, and the maximum number of children allowed for an 
RH is set to 25 nodes. 
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For the test networks with 1000 nodes, we also performed 
the experimental simulations to evaluate the impact of the 
number of RH nodes on the performance. In these experiments, 
the number of RH nodes is increased from 50 to 250 by 50. 

In the experiments, each multicast message has its own TTL 
value for the ‘TTL-scoping’. First, the TTL value of the BEA-
CON message is set to 60, which provides a whole coverage of 
the network. In the ERS-based scheme, the TTL values of the 
QUERY messages are increased from 5 to 10 by increments of 
one. On the other hand, the ADVERTISE messages have the 
TTL value of 10 in both the bottom-up and top-down schemes. 
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Fig. 6. Performance comparison based on the number of control 
messages generated. 

(a) Comparison for different number of tree nodes 

(a) Comparison for different number of RH nodes 

 

2. Performance Metrics 

To evaluate the performance of the tree configuration, we 
employ the following metrics: 

(A) Number of control messages generated during the tree crea-
tion: we counted all the control messages including the BEA-

CON, QUERY, ADVERTISE, BIND, and ACCEPT/REJECT 
messages. 

(B) Tree configuration time: this represents the elapsed time until 
all the nodes are connected to the tree. 

(C) Number of tree levels for the configured ACK tree. 
(D) Sum of the link costs for the configured tree in the TTL hop 

distances; this is measured by summing up the TTL hop dis-
tances of the tree links on the configured tree. 

3. Simulation Results 

Figure 6 shows the performance comparison in terms of the 
number of the control messages generated for the tree configu-
ration. From Fig. 6(a), it is shown that the top-down scheme re-
duces the number of the control messages required, compared 
with the bottom-up scheme. Figure 6(b) gives the simulation re-
sults for the different number of RH nodes in the networks with 
1000 nodes. From the figure, we can see that as the number of 
RH nodes increases, the performance of the bottom-up scheme 
gets better and the performance gap between those two ap-
proaches becomes smaller. This implies that the bottom-up 
scheme operates more efficiently in the groups with more RH 
nodes in terms of the number of control messages. 

 

Fig. 7. Performance comparison based on the tree configuration time.

(b) Comparison for different number of RH nodes 

(a) Comparison for different number of tree nodes 
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Figure 7 compares the performance of the top-down and bot-
tom-up schemes in terms of the tree creation time. In Fig. 7(a), 
the measured tree creation times are plotted for different num-
bers of tree nodes. From the figure, it is shown that the bottom-
up scheme provides better performance for the tree groups with 
more than 500 nodes, but the top-down scheme is better in the 
relatively small-sized groups. Figure 7(b) shows the simulation 
results for different numbers of RH nodes in the groups with 
1000 nodes. As the number of RH nodes increases, the tree 
creation time slightly decreases. 

 

 
Fig. 8. Performance comparison based on the tree depth 

of the configured trees. 

(b) Comparison for the different number of RH nodes 

(a) Comparison for the different number of tree nodes 
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Figure 8 shows the performance in terms of tree levels of the 
configured tree. Figure 8(a) plots the results for different num-
bers of tree nodes, and Fig. 8(b) shows the performance for dif-
ferent numbers of RH nodes in the network with 1000 tree 
nodes. From the figures, it is clear that the top-down mechanism 
generates fewer tree levels. The number of tree levels generated 
by the bottom-up scheme is nearly three or four times that by 
the top-down scheme. As shown in Fig. 8(b), as the number of 
RH nodes increase, deeper trees are generated containing more 
tree levels. 

Figure 9 shows the simulation results for the tree cost in units 
of TTL hop distances. First, Fig. 9(a) shows the performance 
for different numbers of tree nodes, and Fig. 9(b) shows the 
performance for different numbers of RH nodes in the groups 
with 1000 tree nodes. From the figures, we can see that the bot-
tom-up scheme generates more optimized trees in TTL hops 
than the top-down scheme. As shown in Fig. 9(b), the tree link 
cost gets much smaller as the number of RH nodes increases. 

 

 Fig. 9. Performance comparison based on of the tree link cost  
of the configured trees. 

(b) Comparison for the different number of RH nodes 

(a) Comparison for the different number of tree nodes 

�

����

����

����

����

�����

�����

�����

��� ��� ��� ��� ����

	
��������������
�
��
�
��
�
�
��
	�
�


��
�
�
�


���������� �����������

�

����

����

����

����

�����

�����

�����

�� ��� ��� ��� ���

�	
��������������

�
��
�
��
�
�
��
	�
�


��
�
�
�


���������� �����
�����

 

4. Summary 

From the various experimental results to date, we can make 
the following observations: 

 
(A) In terms of the number of the control messages required for 

tree configuration, the top-down scheme is preferred to the 
bottom-up scheme. This implies that the top-down approach 
is more suitable to employ in networks where the bandwidth 
resources are scarce. It is also noted that the bottom-up 
scheme generates less control messages in the groups with 
more RH nodes. 
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(B) In terms of the tree configuration time, the bottom-up 
mechanism is better in the large-sized groups, while the top-
down scheme provides better performance in the relatively 
small-sized groups. 

(C) In terms of the depth of the configured tree, we see that the 
top-down mechanism is inclined to generate a tree with 
fewer levels, compared with the bottom-up mechanism. It is 
noted that fewer tree levels make it simple to keep the tree-
based reliable control mechanisms stable. The tree depth 
does not depend on the number of tree nodes and RH nodes 
in the network. 

(D) In terms of the tree cost optimization, the bottom-up scheme 
is better than the top-down scheme. This benefit comes at the 
cost of more control messages and more tree levels. The tree 
cost optimization can be much more easily achieved in 
groups with more RH nodes. 

VI. CONCLUSIONS 

In this paper, the two tree configuration schemes, top-down 
and bottom-up, are discussed and compared for the tree-based 
multicast transport protocols. The top-down scheme is pre-
ferred to the existing bottom-up approach, in terms of the num-
ber of control messages required for the tree configuration and 
the depth of the configured trees. The top-down configuration 
is also simple to implement from the viewpoint that the tree 
configuration scheme itself guarantees a loop-free ACK tree. 

But, the existing bottom-up mechanism still provides some 
advantages in terms of tree optimization. Based on the com-
parison and observations made in this paper, it is recommended 
that these two schemes be selectively used according to the re-
quirements of applications and the underlying networks. 
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