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SUMMARY

In this paper we propose an enhancement to the Distance Vector Multicast Routing Protocol (DVMRP),
called ‘Group Membership Near First DVMRP’ (GMNF-DVMRP), to decrease the network cost (NC)
of the multicast tree formed by DVMRP. A simulation is implemented to compare our enhanced version
and the original DVMRP. We find that our method saves about 5%—-7% of NC of the multicast tree
formed by DVMRP. 1998 John Wiley & Sons, Ltd.
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1. INTRODUCTION much bandwidth, especially when the volume of
multicast data is large. Therefore we should try to
decrease the NCs of multicast trees formed by the
multicast routing protocol. In this paper we develop

A multicast routing protocol is a set of standards
and parameters that two end-points of communi-

cation agree upon to route packets. The Internet : i
Group Management Protocol (IGMP)s used to gegfggs\éerl\lsgn of DVMRP as GMNF-DVMRP o

carry messages between the multicast router and the We first describe DVMRP in Section 2 and then

end-host or between multicast routers themselves. ropose an enhanced version to improve DVMRP
A variety of multicast routing schemes have been Propose : . P
in Section 3. A simulation that compares DVMRP

developed and used. They include Distance Vector S i .

. ' and our enhanced version is presented in Section 4.
Multicast Routing Protocol (DVMRP) Core-Based Finally. conclusions are given in Section 5
Trees multicast protocol (CB¥)and Protocol Inde- Y, 9 ’
pendent Multicast protocol (PIM) Dense Mode
(DM) and Sparse Model (SM)A simple compari- 2. OVERVIEW OF DVMRP

son of these schemes is given in Tablg . Here we DVMRP is short for Distance Vector Multicast
focus on DVMRP because it has been implemented . i~ . "
Routing Protocol. ‘Distance Vector’ means that it is

in the mrogted program. derived from the distance vector routing protocol—
Two optimal criteria are used to evaluate the h . f ) 3|
efficiency of the multicast tree formed by a multicast the Routmg_ n ormation Protocol. .
DVMRP is a distance vector style of routing

routing protocol, namely network cost (NC) and ! ;
destination cost (DC).NC is a value that measures protocol for routing multicast datagrams_through the
' internetwork. The DVMRP-based multicast router

the utilization of network resources, such as total o K | K | .
used bandwidth. DC is a value that measures the maintains ngtwor topology knowledge by a distance
‘ vector algorithm—also called the Ford—Fulkerdon

average delay experienced by each destination. Mini- I a algorith
mizing DC is simpler than minimizing NC, because or Be man—_For algorithm.
' DVMRP implements multicast based on the

finding the minimum NC multicast tree on a given Reverse Path Forwarding algorittifha method of
network topology is an NP-complete problem—also . i .
called a minimal Steiner tree problém. performing br(_)adcast _de Ivery in a store—and—fprward
The DC of the DVMRP multicast tree is optimal network of point-to-point links, using only the infor-
because it is built on the shortest paths from the mation present in the routing table maintained by
s the distance vector algorithm. However, Reverse
source to each destination. However, the NC of the .
Path Broadcast (RPB) does not really perform multi-

dD;”\gsgin mg:'iﬁ:t nttart?/veorp floy Olk;e hé%g tﬁre (Ij?;\,:“ cast but broadcast and it just works on networks of
P 9 pology point-to-point links. Therefore DVMRP implements

bution of group members. Shared medium networks, a multicast forwarding algorithm called Truncated

especially the Internet, have sensitive NCs. Redun- Reverse Path Broadcast—a refinement of RPB.
dant use of one hop on the multicast tree will cost

2.1. Truncated reverse path broadcaSEIRPB

*Correspondence to: Y.-C. Lai, Department of Computer and . .
Information Science, National Chiao Tung University, Hsinchu, Truncated Reverse Path Broadcast is described

Taiwan. Email: gis8380@cis.netu.edu.tw by Deering! and is a refinement of Reverse Path
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Table I. Simple comparison of multicast routing schemes

Protocol Tree type Group Protocol State Scalability
distribution independence  mechanism

DVMRP Source-based Dense No Hard Bad

CBT Shared-based Sparse No Hard Good

PIM-DM Source-based Dense Yes Soft Bad

PIM-SM Mixed Sparse Yes Soft Good

Forwarding. It selects onedominating multicast

router among all multicast routers connected on the
same subnetwork. By comparing the ‘routing
updates’ from neighbouring multicast routers with
its own routing table, each multicast router can

THEN k is a leaf of R on the multicast tree
rooted at d

After the TRPB-based multicast router has
determined which subnetwork is its child or its leaf,

determine whether itself has the shortest distance tojt can forward multicast packets by the procedure

a particular source. The multicast router that has the

shortest distance back to a particular source is selec-

ted as the dominating multicast router. If more than
two multicast routers on the subnetwork have the

listed as Procedure 2.

Procedure2. Sending copies of multicast packets

same shortest distance, the multicast router with the to subordinating branches

lowest address wins. The dominating multicast
router of a subnetwork is responsible for forwarding
multicast packets onto this subnetwork.

Another functionality of TRPB is that it can
determine whether the subnetwork ischild or a
leaf of the dominating multicast router on the multi-
cast tree of a particular source. Two additional
fields, child subnetwork lisendleaf subnetwork list
are added at every entry of the routing table to
record whether the connected subnetwork is a child
or a leaf on the multicast tree rooted at the desti-
nation of this entry. The procedure used by the
TRPB-based multicast router to decide whether its
connected subnetwork is a child or a leaf of the
multicast tree rooted at the source is listed as Pro-
cedure ' where

R = TRPB-based multicast router,
r = route to a destination,
d = destination address,
D = distance to destination,
k = subnetworks connected to R,
n = neighbouring multicast routers of R.
Procedurel. Finding child and leaf subnetworks

WHILE R receives ‘routing updates’ entry (d,
D, next-hop-address) from n
IF (next-hop-address>k) AND
(NO n such that (n.subreit AND
(n.distance[dkD OR
(n.distance[ctdD AND n.address<
R.addresp))
THEN Kk is a child of R on the multicast tree
rooted at d
IF (NO n such that (n.subreit AND
n.distance[d}infinity))

[0 1998 John Wiley & Sons, Ltd.

WHILE R receives a multicast packet from source
s to group g via subnetwork k
IF (the routing table of R has an entry that
(d=s.address AND next-hop-addrek&s3)
FOR each connected subnetwork of R, i or F
IF (i is not a leaf of R on the multicast tree
rooted at s) OR
((i is a leaf of R on the multicast tree
rooted at s) AND
(there is at least a member of group g
on subnetwork i))
THEN send a copy of multicast packets A
onto subnetwork i

We look at the partial network topology illustrated
in Figure 1 as an example. Three multicast routers,
MR1, MR2 and MR3, are attached to subnetwork
1. If the shortest-path distances from MR1 and MR2
to host S are five and four hops respectively, then
the dominating multicast router of S1 is MR2, so
that S1 is the child of MR2 on the multicast tree
rooted at host S. S1 is not a child of MR1. MR3
reports to S1 that its distance to the source is
‘infinity’, so that S1 is not a leaf. MR3 is the only
multicast router on S2, so that S2 is a child of
MR3. However, no multicast router uses S2 to reach
the source. In other words, no multicast router
reports to S2 that its distance to the sources is
‘infinity’. S2 is a leaf of MR3. The partial multicast
tree rooted at the source is shown in Figure 1. We
assume that host H3 is a group member.

2.2. DVMRP multicast algorithm

DVMRP routers forward multicast packets based
on their source. Each (source, group) pair forms a
different multicast tree rooted at the source. DVMRP
routers have no previous information about the dis-
tribution of (source, group) pairs. When receiving

Int. J. Commun. Syst11, 93—-101 (1998)
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Figure 1. TRPB on multi-access subnetwork

a multicast packet sent from a particular sender to A prune messagéor a particular (source, group)

a particular group, DVMRP routers just deliver this pair is first generated by the router which has no
multicast packet according to the Truncated Reversechild subnetwork or which owns child subnetworks
Path Broadcast algorithm described in the previous but all of them are leaf subnetworks without group
subsection. However, the Truncated Reverse Pathmembers on them. The router sends this prune
Broadcast algorithm only guarantees that multicast message back to its predecessor router on the multi-
packets are broadcast on the shortest path from thecast tree. If the predecessor router receives prune
source to all reachable destinations. Multicast pack- messages from all its subordinate routers, the prede-
ets may be delivered to some subnetworks that arecessor route goes on sending the prune message
not required to receive these packets. An example back to its predecessor. Eventually the multicast tree
of a multicast tree formed by TRPB is shown in will be pruned back so that all the leaf subnetworks
Figure 2. Multicast packets are delivered on the of the pruned multicast tree have group members.
shortest path from the source to all reachable desti- Such multicasting is calleghoruned multicastingor
nations. However, it is evident that subnetworks S5, true multicasting The truncated and pruned multi-
S6 and S8 are not required to receive these packetsgast tree of the previous example is shown in Fig-
because no group member exists on these branchesure 3.

Such multicasting is callettuncated multicasting If a group member on the pruned subnetwork
If there is no group member on a branch of the wants to join the group again, the dominating router
multicast tree, then no multicast packet should come of this subnetwork stops sending the prune message

over this branch. That is, this branch has to be to its predecessor. Instead, the router sendgadt
pruned from the multicast tree. messageto its predecessor to cancel its previous

. source

grou,
member

multicast
router

© subnetwork

multicast
=g Dackets

Figure 2. Example of truncated multicast tree formed by TRPB
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Figure 3. Example of truncated and pruned multicast tree

prune message. The graft message is propagatedhat the addresses of MR2 and MR3 are
back to the source as far as the prune message is140.113.136.110 and 140.113.136.111 respectively.
After the predecessor receives the graft messageMR2 becomes the designated multicast router of
from a subordinate, it will send a copy of multicast subnetwork S2 with a lower address than MR3,
packets to this subordinate when multicast packetsthough they have the same distance of two hops to
come. Consider the example of a truncated andthe source. As a result, MR2 is responsible for
pruned multicast tree illustrated in Figure 3. Assume delivering these multicast packets onto S4 but MR3
that the host on subnetwork S6 wants to join the js not. MR3 will send a prune message back to its
group. MR3, the dominating multicast router of S6, predecessor MR1. We consider NC as the total hop
will send a graft message back to its predecessorpnymper used by the multicast tree. Thus the NC of
MR1 and then MR1 will restart sending multicast this multicast tree is four. If, however, MR3 wins
packets to MR3, as shown in Figure 4. to be the designated multicast router, MR3 will be
responsible for delivering multicast packets onto S4

3. ENHANCED VERSION OF DVMRP rather than sending a prune message back. On the
contrary, MR2 will send a prune message to its
3.1. An example predecessor MR1 and then MR1 will stop delivering

multicast packets onto S2. The NC of the new
multicast tree is three, resulting in one hop saving.
Since MR2 and MR3 have the same distance to the
source, the DC of the new multicast tree is equival-
ent to that of the previous multicast tree. The new
multicast tree is shown in Figure 6.

Consider an example of building a multicast tree
of DVMRP on the network topology illustrated in
Figure 5. Multicast packets are sent from the source
to multicast router MR1. MR1, the designated multi-
cast router of subnetworks S2 and S3, then delivers
these multicast packets onto S2 and S3. Assume

. source

grouj
member

multicast
router

Q subnetwork
multicast
i packets
prune
messages

graft
messages

Figure 4. Example of truncated and pruned multicast tree with graft
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Figure 5. Example of building multicast tree of DVMRP where MR2 is designated router of S4
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Figure 6. Example of building multicast tree of DVMRP where MR3 is designated router of S4

3.2. Idea ure 5 again. MR1, the interrogating multicast router
The idea of our enhanced version of DVMRP is of S3, sends a message to MRS to announce that a
. . member of a particular group address exists on S3.

simple. If two or more shortest paths exist between When MR3 receive multicast packets of such arou

a source and its destination, choose the path where b group

the first bredecessor has one aroun member When_address, it retrieves the source address from the
b group : header of the first packets and se®BVIN(source

ever a host joins a group, the interrogating multicast ) L
router of the host (MRA) sends this group address address)to be true. Now MR3 has higher priority
to become the designated multicast router for for-

to its neighbouring multicast routers (MR). Multi- ; " K h
cast router MRB now knows that a member of Wardlng' multicast packets from that source even
though its address is not the lowest.

such group address exists on the subnetwork of
MR_A. From now on, whenever MBB receives
multicast packets, it checks whether the multicast 3 5 Algorithm

address of these packets is the group address it

received from its neighbouring multicast routers, e.g. We denote our enhanced version of DVMRP as
MR_A. If it matches, thenGMN(source address)f GMNF-DVMRP. GMNF is short for ‘Group Mem-
MR_B is set to be true, wheresource address bership Near First. It means that if there is a
is the source address of these multicast packets.member on the neighbouring network, the algorithm
GMN(source addressneans that group membership should consider the router attached to this neigh-
of the sender with source address exists on thebouring subnetwork first to become the designated
neighbouring subnetwork. Now M has higher multicast router of its subnetwork.

priority to become the designated multicast router Each interrogating multicast router of a subnet-
under the situation that other multicast routers on work sends the message of group membership to
the same subnetwork have the same shortest distancés neighbouring multicast routers periodically. The
to this source. Consider the example shown in Fig- packet format of the message is as follows:

[0 1998 John Wiley & Sons, Ltd. Int. J. Commun. Syst11, 93—-101 (1998)
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Figure 7. Example of 100-node graph

multicast group multicast group multicast group Procedure3. Enhancement of Procedurk
address1 address? address3 WHILE R receives ‘routing updates’ entry (d, D,
next-hop-address) from n
i ; i ; IF (next-hop-address<> k) AND
After receiving this message, the receiving multi-
cast router will record these multicast group (NOd_n such ;hat (n.subrret AND
addresses in a table. Whenever multicast packets 22 disl,?;?lr(]:g?c[i] 1<DDA(NDI§ (
from a particular source come, this multicast router y -
will compare the multicast address in the packet (NOT R.GMN(d) AND n.GMN(d)) OR
header with those in the small table. If the multicast SeRs.sGQM\gi)d()jA\rl:Es)ngyN(d) AND n.add-
address of the incoming packets exists in the small :
table, GMN(source addressgf the multicast router (NOT d%'GMN(d) AolI\(I:iD NOT n.GMN(d)
is set to be true. Procedure 1 of the DVMRP AND n.address< R. addresp)))) .
algorithm is enhanced as Procedure 3. THcIIEN kd is a child of R on the multicast tree
rooted at

400 node, alpha=0.01, average degree=5.0375
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Figure 8. Bandwidth consumption in 400-node graphs
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Figure 9. Improvement ratio of bandwidth in 400-node graphs

900 nodes, alpha=0.01, average degree=3.4784
900 —
800 -
700
% 600 |
Z 500 F
s
5 400
300 ¢ ——— DVMRP
20+ ] GMNF-DVMRP
100 -
0
1 101 201 301 401 501 601 701 801
receiver_num
Figure 10. Bandwidth consumption in 900-node graphs
900 nodes, alpha=0.01, average degree=3.4784
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Figure 11. Improvement ratio of bandwidth in 900-node graphs

IF (NO n such that (n.subnet and
n.distance[d}infinity))

THEN k is a leaf of R on the multicast tree
rooted at d

4. SIMULATION

4.1. Network model

We model the network as an undirected graph
where nodes represent multicast routers and edges
represent links or subnetworks connecting routers.
Precisely speaking, a node represents a multicast
router and its connected hosts. A node, where one

We have written programs to simulate the above of its connected hosts is the sender of multicast
two algorithms. We measure the NC of a multicast packets, is the source and a set of nodes, where
tree in a simple way, namely by its total hop counts. one or more of its connected hosts are the receiver

[0 1998 John Wiley & Sons, Ltd.
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of multicast packets, excluding the source node, these second-generation multicast protocols and try

represents group members.

To create such a network wittN nodes, each
node is assigned a random co-ordinate in the unit
square. The edge between two nodes is generated
depending on the probability function of its length.
We adopt the following probability distribution func-
tion to generate edgés:

3.
o ifd=0-3
4
Probability@)=] 2-d
a " ifd>03
\J2-03 5.

where d is the Euclidean distance between two 6.

nodes anda is a constant that affects the average

nodes is no more than 0-3 unit, the probability of

generating an edge between these two nodes is fixed %
to be «. If the distance is more than 0-3, the 1

probability decreases linearly with the distance. In
order not to create any isolated node in the graph, 1
we connect nodes one-by-one at the beginning; that

is, node 1 to node 2, node 2 to node 3, and so on.12.

An example of such a graph with 100 nodes is
illustrated in Figure 7.

4.2. Simulation result

Two combinations of size and connectivity are
used: a 400-node graph with an average degree of
5-0375 and a 900-node graph with an average degree
of 3:47. We generated 10 graphs of each combi-
nation.

The simulation results of the two multicast algor-
ithms under these two combinations are shown in
Figures 8-11. Our GMNF-DVMRP algorithm has
the best effect when the number of receiver nodes
is about half of the total node number.

1.

to find a better solution.
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