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Abstract and the continuously changing network connectivity. First,
the use of trees in a rapidly reconfiguring environment re-
In this paper we propose an "on demand” multicast rout- quires frequent repairs of branches, and has two negative
ing protocol for a wireless, mobile, multihop network. The consequences: high channel and processor O/H, and; high
proposed scheme has two key features: (a) it is based orrisk of packet loss during branch reconfiguration. Secondly,
the forwarding group concept (i.e., a subset of nodes is inin the conventional routing infrastructure the exchange of
charge of forwarding the multicast packets via scoped flood-routing vectors or link state tables must be made progres-
ing) rather than on the conventional multicast tree scheme; sively faster as mobility increases, leading to higher over-
(b) it dynamically refreshes the forward group members head. This is because, in addition to periodical updates
using a procedure akin to on demand routing (hence the (i.e., fixed update period), event driven updates are neces-
name). "On Demand” multicast is well suited to operate sary to cope with frequent changes in connectivity. That is,
in an On Demand routing environment where routes are se-the higher the mobility, the the higher the actual update fre-
lectively computed as needed between communicating nodguency is. Another problem of global routing is the size of
pairs instead of being maintained and updated globally by the routing tables which increases linearly with number of
a routing "infrastructure” (like in Distance Vector or Link  nodes and thus limits the scalability to large networks.
State, for example). On Demand Multicast is particularly S ]
attractive in mobile, rapidly changing networks, where the ~ TO overcome routing limitations, we propose a multicast
traffic overhead caused by routing updates and tree recon-Protocol which embeds its own on-demand routing scheme,
figurations may become prohibitive beyond a critical speed; thus avoiding channel overhead and increasing scalability.
and, in large networks with sparse traffic requirements, To overcome tree topology limitations, we use the concept
where the traffic, processing and storage overhead of the©f “Forwarding Group”, a set of nodes which are respon-
routing infrastructure solution compromises scalability. Via Sible for forwarding multicast data. The Forwarding Group
simulation, we compare On Demand multicast with a tradi- infrastructure reduces storage overhead and requires a much
tional tree multicast scheme, DVMRP, and with a version /00ser connectivity among multicast m(_embers. It suffices
of forwarding group multicast which uses conventional dis- that the mesh topology formed by multicast members and
tance vector routing instead On Demand routing. This al- forwarding group nodes be connected (no islands). The re-
lows us to assess the penalty of the tree and of the g|0bapluction of channel and storage overhead and the relaxed

routing infrastructure as a function of mobility and sparse- connectivity make this protocol more scalable for large net-
ness. works and more stable for mobile wireless networks. The

Forwarding Group multicast protocol was first introduced
in [3] using a conventional routing structure (Distance Vec-
tor). This paper extends that scheme and makes it scalable

1. Introduction by incorporating on-demand routing in it.

Wireline network multicast routing protocols (e.g., Section 2 introduces the forwarding group multicast pro-
DVMRP, PIM, CBT, etc.) are based on two fundamental tocol using underlying routing information which is main-
principles: use of distribution trees for efficient delivery of tained by the update of global routing tables [2]. Section
multicast packets, and; use of a preexisting routing infras- 3 describes the On-Demand multicast protocol in details.
tructure for the maintenance of such trees. In ad hoc wire-Section 4 reviews the network infrastructure. Section 5 ad-
less, mobile networks, however, the validity of these prin- dresses the simulation environment. Section 6 details the
ciples is undermined by the broadcast nature of the channeperformance evaluation. Section 7 concludes the paper.
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Table 1. Format of join _request packet

| McastGroupid| Receiver member Id | Sequence#l TTL |

2.1. FG Maintenance

2. Forwarding Group Multicast Protocol
(FGMP)

In order to select the séfG, we require each source to
periodically transmit control packets to all member destina-
tions. In the process, all nodes along the shortest path from

The FGMP scheme without on-demand routing (first in- source to destination are "inducted” inf&&. This proce-
troduced in [3]) is reviewed here for completeness. FGMP dure presumes that each source knows the member desti-
keeps track not of links but of groups of nodes which par- nations. This is obtained via receiver advertising. Namely,
ticipate in multicast packet forwarding. To each multicast eachreceiver periodically and globally floods its member
groupG is associated a forwarding group(. Any node information (join request) formatted as in table 1. TTL lim-
in F'G is in charge of forwarding multicast packets Gf its the scope of flooding. Eacendermaintains a member
That is, when a forwarding node (a nodefidF) receives a  table as shown in table 2. When a sender receives the join
multicast packet, it will broadcast this packet if it is not a request from receiver members, it updates its member table.
duplicate. All neighbors can hear it, but only neighbors that Expired receiver entries will be deleted from the member ta-
are inF'G will first determine if it is a duplicate (based ona ble. Non-sender nodes simply forward the request packet.
historical list of source sequence numbers) and then broadAfter updating the member table, the sender creates from it
cast it in turn. Figure 1 shows an example of a multicast the forwarding tableZ"7V shown in table 3. Next hop on
group containing three senders and three receivers. Threéhe shortest path to the receiver is obtained from preexisting
forwarding nodes take the responsibility to forward multi- routing tables. The forwarding tablEW is broadcast by
cast packets. This scheme can be viewed as “limited scope'the sender to all neighbors; only neighbors listed in the next
flooding. That is, flooding is contained within a properly hop list (next hop neighbors) accept this forwarding table
selected forwarding set. (although all neighbors can hear it). Each neighbor in the

Only flag timer and historical source sequence numbernext hop list creates its forwarding table by extracting the
list are needed for each forwarding node. When the for- entries where it is the next hop neighbor and again using
warding flag is set (as described in following subsections), the preexisting routing table to find the next hops, etc. After
each node inF'G forwards non-duplicate data packets be- the F'IW table is built, it is then broadcast again to neighbors
longing to G until the timer expires. Storage overhead, a and so on, until all receivers are reached. Note Haf is
major problem in traditional multicast protocols, is mini- discarded after use. The member table on the other hand is
mal, thus improving the scalability. Timer is refreshed by permanent. The forwarding tablélV propagation mecha-
the forwarding group updating protocol. Stale forwarding nism essentially "activates” all the nodes on the source tree
nodes are deleted froMG after timeout. rooted at the sender. These nodes become part df the

A key component of FGMP is the election and main- At each step, nodes on the next hop neighbor list enable the
tenance of the seF'G of forwarding nodes. The size of forwarding flag and refresh the forwarding timer. Soft state
F@ should be as small as possible to reduce wireless chandynamic reconfiguration provides the ability to adapt to a
nel overhead. Yet, the forwarding path from senders to changing topology.
receivers should be as short as possible to achieve high Figure 2 shows an example of multicasting forwarding
throughput. tables. Node 12 is the sender. Five nodes are forward-
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. ) proach rather than global routing tables in order to reduce
ing nodes F'G' = {4,12,16,22,25}, because they are i he channel overhead, improve the delivery efficiency and
the next hop list. Only sender and internal nodes, in our e generally enhance scaling and mobility support. The
case 12 and node 22, need j[O create a_forwardmgtable (f'g'routing table entry format of on-demand routing is pre-
ure 2(a),(b)) and broadcast it. Forwarding nodes 4, 16, andsented in table 4. Entries with expired timer are removed
25 do not need to create their forwarding tables since theys.om the routing table. There are two phases to establish
are “leaves”. _ o the next hop information for on-demand FGMP. One is "Re-
Another way to advertise the membership is to let the gyest phase” which is issued by multicast members to create
senders .fl_ood sender mformatlon._ Sender advertising isipe routing information (next hop) for forwarding/joining
more efficient than receiver advertising if the number of (;pie. The other is "Recovery phase” which is used to re-
senders is less than the number of receivers. Most multi-qest the next hop information if it is not available while
cast applications belong to this category. Like in receiver he forwarding node is sending the forwarding/joining table.
advertising, senders periodically flood the sender informa- gjce these two phases are found also in most on-demand

tion. Receivers will collect senders’ status, then periodi- 1y ting algorithms, we briefly review on-demand routing in
cally broadcast “joining tables” to create and maintain the he next section.

forwarding groupF'G.

Member table and forwarding table size pose a scalingS.l' On-
limitation when the multicast group grows to hundreds or
even thousands of nodes. A possible solution (which we
are currently exploring) is to dynamically (and randomly)
elect a small set of "core” nodes which lie on the path be-
tween senders and receivers. These core nodes advertise (
a fairly low frequency) their presence, i.e., their ID, to all
nodes. Senders and receivers alike send short join messag
to each of the core nodes, activating #ié& flag in all the
nodes encountered along the path. The scheme scales we
in both storage and channel O/H. It does not however guar-
antee shortest paths between all senders and receivers.
also introduces the additional complexity of core node elec-
tions. We are evaluating some of these tradeoff in our cur-
rent research.

Demand Routing Review

Several routing protocols have been recently proposed
for ad hoc networks [5, 15, 10]. While almost any ad-hoc

uting scheme could be used for our purposes, for reasons
of efficiency, we have used the on-demand routing proposed
@g/ [14] and have incorporated it in FGMP. The basic prin-
ciple of on-demand routing as described in [14], is to keep
nly routing information for active source/destination pairs.
hen a sourc& wants to send data to a destinatiorand
oes not findD in its routing table, it broadcasts a RE-
UEST for route toD. REQUEST messages are flooded
until reaching nodes which have the routing information
to D. A REPLY message is sent back $oby each such
node. Routes are computed using the well known “back-
ward learning” principle, which has been applied, among
3. On-Demand FGMP others, in LAN interconnection via spanning tree bridges.

Namely, REQUEST messages create reverse path routing

In the previous FGMP version, each intermediate node entries toS. REPLY messages create forward path rout-
needs routing information to forward the taldi#V. This ing entries fromS to D. After one or more routes to the
routing information can be created using an on-demand ap-destination are established, the source can send data by se-



lecting an appropriate route. The major difference between

distance vector and on-demand route is that in the latter Table 4. Format of On-Demand routing table
routing tables are dynamically created and updated accord- entry

ing to the traffic demand instead of topology changes, and
thus reduce the storage overhead for routing tables in sparse
traffic situations. This storage economy is very important
for mobile nodes and makes it more scalable for large net-
works. Figure 3 shows an example of on-demand routing:
3(b) displays the reverse paths from all nodes to sofirake

ter flooding the REQUESTS; 3(c) presents the forward path | Mcast Receiver Sequence #| TTL| Sending| Hops
from S to destinationD (in this example, onlyD knows Group Id | member Id node id
the route to itself, and therefore can return the REPLY, and;

3(d) shows the final situation when stale paths are removed.

| Destinationl Next hop| Hop Count| Sequence#{ Timer |

Table 5. Format of on-demand join _request
packet

3.2. On-Demand Request phase 3.3. Next hop Re-Patch

In on-demand FGMP, the advertising messages (join re- : .
. . On-demand multicast uses member advertising mes-
guests) issued by receiver members are used to create the . : :
. : . . sages to create/update routing path information. Recall,
path information from senders to receivers. To this end,

. : : o however, that the original purpose of advertising messages
some additional attributes are needed in the join requestwas to update membership status rather than to maintain the
as shown in table 5. “Sending 1d” is the node id which is P b

currently sending the request: “Hops” is the hoo count tra- routing status. In conventional FGMP, every node just for-
versed {) the reg Lest r?1essa,1 e F\)/Vhen a mocrk)eceives wards the advertising messages (flooding) without leaving

L y 9 age. . : any trace in the intermediate nodes since routing informa-
ajoin request message, which c_ontalns receiver membeEion is maintained by RTU. In the on-demand case, in ad-
id R’ fr_om nelghborm (the sendlr}g node), _node ex- dition to forwarding the advertising messages, each node
amines its routing table. If there is no routing entry for

R;, a new entry containing fields R;(destination)y(next gpdates its routing tables. On—cje.mand routing doc_as not

A . increase the frequency of advertising. It only marginally
hop).hops,sequence number,ti;més added into the rout- increases the channel overhead (message size is increased
ing table. Otherwise, the entry fdk; is refreshed if the 9

X ... by only two fields; yet much smaller than routing table
request is more recent. A more recent request means either: : L2
Size). On demand routing produces all the routing infor-

larger sequence number or smaller hop count and same se- . : .
. mation needed for FGMP, i.e., the next hop information to

guence number. Join requests are flooded to the network

X . _create the forwarding/joining table which in turn maintains
scoped by TTL. By the time the sender members receive ; .
L ; . - “the forwarding group ¥'G). However, the path informa-
the join requests, path information from senders to receiver

members has been created/updated and thus the forwardintlon created/updz_ited_ by the _a_dvert|sm_g messages becomes
. ) ; uickly obsolete in high mobility. That is, when a forward-
table can be readily delivered to the set of receiver mem-. . A
; . : ing node receives a forwarding/joining table and wants to
bers, thus updating the forwarding group. As a difference S :
) : create a new forwarding/joining table to forward according
from unicast on-demand routing, note that senders do not__ "~ : . . .
. to its routing table, it may discover that it does not have
need to send back any reply message to receiver memberﬁ] . : o
. . . e next hop information for some destinations. To over-
since the paths to receivers are already established after the : :
. : ome this problem, when the next hop to membgris not
first phase and the paths from receivers to senders are not". s :
required eX|sten.t, a path request, which is an on-demand unlqast re-
' quest, is issued to open a new path to memhgr This
Similar process is applicable to the sender advertisingpath request need not be flooded to the entire network like
version FGMP-SA, in which case sender members flooda generic on-demand unicast request. Since path informa-
sender information to create/update paths from receivertion tomy has already been created in the networkwjgs
members to sender members, and; joining table is deliveredadvertising messages, two or three hops probes (TTL = 2
to sender members along the paths. Note that the FGMP-or 3) will be enough to reach nodes which have routing in-
SA route discovery is essentially the same as the unicasformation form,, keeping latency low. After replies come
on-demand route discovery if the multicast group ID field back, the next hop information is restored and the forward-

in Tables is replaced by the destination ID. ing/joining table is delivered to the new path.



4. Multihop Network Infrastructure _ — .
Mobility Soft state parameters (time interval in ms)

(km/hr) Distance Vector & On-Demand | On-

The infrastructure used in our experiments is a clustered

. . L . Demand
multihop infrastructure [4, 9]. In our distributed clustering —
. Member Advertising
algorithm, nodes are elected as clusterheads based on pref- .
. L . refresh | timeout FW Tab | FG Route
erential criteria (e.g., lowest ID number, etc.). Neighbors .
. . L refresh | timeout | Table
are discovered with periodic Hello messages. All nodes
e .. Entry
within transmission range of a clusterhead belong to the fimeout

same cluster, and can communicate directly with a cluster-
head and (possibly) with each other. Nodes belonging to
more than one cluster are called gateways. Gateways supt
port communications between adjacent clusters [8, 9].

Within each cluster, the MAC protocol provides for effi-
cient transfer of packets between neighbors. For our exper-
iments we have selected polling. Namely, the clusterhead
polls the nodes to allocate the channel. Polling was chosen
here for several reasons. First, polling is consistent with the
IEEE 802.11 standard (Point Coordination Function) [6].
Secondly, polling gives priority to the clusterhead, which is
desirable since only gateways and clusterheads cdrthe
members, and thus routes are forced to go through cluster-
heads. Table 6. Soft state parameters

For the sake of simplicity we assume that nodes (and
in particular gateways) can receive on multiple codes si-
multaneously (e.g., using multiple receivers). This property cluster, MAC (e.g., polling) and network layer (Distance
does not enhance communications within a cluster, since all\ector routing tables and join/quit m-cast messages). Thus,
wireless nodes are tuned to the same code anyway. It doeghe simulator enables us to monitor the traffic O/H of the
however, permit conflict free communications with the gate- protocols. The network consists of 100 mobile hosts roam-
ways, and in particular conflict free multicast from cluster- jng randomly at a predefined average speed in a 1000x1000
head to gateways. Without the multiple code reception, themeter square. At each time tick, a random direction and
gateway must tune on different codes (of the adjacent clus-step size are chosen. A reflecting boundary model is
ters) and can receive correctly only if it is tuned to the trans- assumed. Radio transmission range is 120 meters. Free
mitting clusterhead code. An example is offered in [11].  space propagation channel is assumed unless otherwise

Nodes have a finite buffer. Packets are dropped whenspecified. Data rate is 2 Mb/s. Packet length is 10 kbit for
buffers overflow, or when there is no route to the intended data, 2 kbit for routing tables, and 500 bits for MAC control
destination. The latter occurs when the topology is discon- packets and multicast control tables. Thus, transmission
nected or the route is not available. Packet drop, channekime is 5 ms for data packet, 1 ms for routing table, and
interference, noise, fading and mobility lead to packet loss, 0.25 ms for control packet. Buffer size at each node is 10
thus making the multicast protocol just described unreli- packets.
able. End to end reliable deliv_ery can be_ restored with other Routing tables and control messages have higher priority
means such as Scalable Reliable Multicast [7, 13]. SRM gyer data. Channel overhead (e.g., code acquisition time,
works at the transport application level and can be built preamble, etc.) is factored into packet length. Routing
directly on top of our multicast scheme. Another reliable apies are updated every second. This low update rate is
wireless multicast scheme is reported in [13]. That scheme qngistent with typical wired network operation and is ade-
works at the network layer and exploits our cluster infras- o ate for a static network. As node mobility increases, how-
tructure (but not our multicast protocol). ever, the topology starts changing rather rapidly. In order to

maintain accurate routing information, changes in local link
5. Simulation Environment status and new routing tables from neighbors trigger new
updates. Other soft state parameters are listed in table 6.

A multihop, mobile wireless network simulator Two multicast membership configurations are evalu-
was developed using the parallel simulation languageated. “One-to-many” multicast consists of one sender
Maisie/PARSEC [1, 12]. The simulator is very detailed and 9 receiver members. “Many-to-many” multicast has
in that it models all the control message exchanges at thel0 members each of which is both sender and receiver.

0.02 | 400 960 200 560 960
0.70 | 400 960 200 560 960
1.41 | 400 960 200 560 960
2.81 | 400 960 200 560 960
5.62 | 400 960 200 560 960
11.25 | 400 960 200 560 960
22.50 | 400 960 160 480 960
30.00 | 400 960 120 400 960
45.00 | 400 960 80 320 960
60.00 | 400 960 60 280 960
90.00 | 400 960 40 240 960




6. Performance Evaluation

100

90
In this section we present the simulation results in which

the performance of on-demand FGMP multicast is exten-
e sively evaluated and compared with FGMP (Distance Vec-
mOthers tor). A limited comparison with DVMRP and shared tree
D utcast da is also provided. Channel utilization, control messages and
® Token storage overhead are first evaluated to explore efficiency of
on-demand routing. Multicast performance is then mea-
sured to prove the efficiency of on-demand multicast. One-
to-many multicast using FGMP-SA is evaluated from sec-
tion 6.1 to section 6.5. Section 6.6 and section 6.7 explores
B V™ e R other configurations and loads.

Figure 4. Channel Utilization of FGMP-SA
(Distance Vector) [One-to-Many]
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6.1. Channel Utilization

Total network capacity is defined &5 = S x B (bits),
whereS is the average number of clusters dnds the wire-
less bandwidth (bits/sec). The channel overhead of RTU is

0 then given by:

90

80 (Total number of RTY * ( Routing Table Size(bit$)

CxT ’

Bidle where T is the total simulation time. Figure 4 shows
e i the channel utilization by message type for FGMP-SA us-
B Token ing Distance Vector routing; Figure 5 shows the results of
FGMP-SA using on-demand routing. Token utilization is
the fraction of bandwidth available for data (i.e., token). As

expected, on-demand routing eliminates channel overhead

b2 07 e 2m 115 25 m &5 @ oo due to routing table updates and increases the token utiliza-
Mobility (km/hr) tion for multicast traffic. From these results, it is quite ob-
Figure 5. Channel Utilization of FGMP-SA vious that _beyond, say, 10 km/hr, for this particular n_etwork
configuration the overhead introduced by the routing up-

dates makes on-demand routing much more attractive then

Distance Vector routing.
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] 6.2. Control Message Overhead
One-to-many multicast may correspond to a broadcast ser-

vice such as news reports, while many-to-many may €or-  on_demand multicast creates/maintains routing informa-
r_espond to Workgrqup C(_)Ila_boratlon.. Packet interarrival 4ion by using on-demand requests/replies and hello mes-
times are exponentially distributed with me&f\, where  ga465 The on-demand request includes member advertising

1//\0n67t0*man,y, = 25’"’5’1 and 1/)‘mqnyft0*many = messages, next hop re-patch requests, and unicast requests.
250ms. In addition to multicast, there is light background Figure 7 shows the overhead (in total bits) of all control

uniform unicast load (datagram) originating from each node messages for on-demand FGMP-SA. Compared with fig-
atthe rate oft /A = Ssec. The total received load (for ei- e g which is using Distance Vector, the overhead of on-
ther one-to-many or many to many) is 3.8 Mbps — & Very gqemand control messages is much less than that of routing

high load considering channel capacity (2Mbps) and multi- (516 ypdates (RTU). Note that the RTU message overhead
hop penalty (reduction =.25). Space diversity across clus-j, figure 6 was divided by 40 so as to fit it in the graph.
ters saves the day! On average, 10 to 15 clusters are formed.

Total simulation time for each experiment isl4X sim- 6.3. Storage Overhead
ulation ticks. One simulation tick corresponds to 5.
Thus, each run represents 200 seconds of simulated time, or Another benefit of on-demand routing is the reduction of
76,000 received packets, given our traffic assumptions. routing table size. The average number of RTEs per node is
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Figure 7. Control Messages of FGMP-SA (On-
Demand) [One-to-Many] route because of mobility, and; (b) the line O/H caused by

control messages. Line O/H indirectly causes congestion
and buffer overflow. Thus, net throughput is a good cumu-

shown in figure 8. We note that on-demand only needs ap-la.ti\ée medasurg_qu mugicast gerfog?ance (i.e., the ability to
proximately 12 RTEs while Distance Vector maintains be- withstand mobility and to reduce )-

tween 95 and 100 RTEs (depending of speed) fora 100 node Fguré 9 compares the throughput of FGMP(Distance
infrastructure. In figure 8 we also show the maximal num- Vector), On-Demand FGMP, shared tree and DVMRP. At

ber of RTE used by on-demand routing during the experi- low speed, perfor_mance is near maximum a.nd is compa-
ment, which is also much less than 100 used by Distance'@ble for all. At high speed, on-demand multicast reaches

vector. by far the highest throughput because of the reduction of
routing table updates. Shared tree does as well as FGMP-
6.4. Throughput BF. DVMRP throughput drops rapidly as speed increases.

Figure 11 evaluates throughputin a many-to-many cast sce-

. nario. The results are comparable to the one-to-many case.
To evaluate multicast performance , we measure the

“throughput” at the receivers. The “throughput” is defined

as total multicast packets received at all receiver members8-5. Delay

excluding duplicated packets. As previously explained, not

all packets will be delivered because of buffer overflowand  Average delay is measured at each receiver. Each multi-

dropping. More precisely, throughput performance is af- cast packet carries the time stamped by the sender. Total de-
fected by two factors: (a) the temporary loss of a multicast lay is accumulated and averaged over the entire simulation
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run. The delay includes transmission and queueing delay.. The final sets of experiments explores the scalability. we
From figure 10, on-demand multicast has much smaller de-"N¢"¢35€ member size to 50 (1 sgnder and 49 receivers).
lay at high mobility due to the channel efficiency (no queue- That is, one half of nodes are multicast members. The re-

ing behind RTUs) and token efficiency (without competi- Zults a:je_ sh?wr:j_ln ggur? 13. I_?hsdplte of the Lact :}hat '?nt-'ll
tion of neighbors). This result is somewhat surprising since emand s at a disadvantage with dense memboership, It St

usually, on-demand routing for unicast has longer delay due@chieves much better performance than Distance Vector un-
to the I:';ltency of request/reply. However, in FGMP, most der all measures. The overhead of RTU in Distance Vector

on-demand requests are performed by member advertisinggremIy affects thg throughput z_and average ‘."?'ay even for
message and no replies are required, thus avoiding the la- ense membership, thus reducing the scalability.
tency.

7. Conclusion
6.6. Light Load Experiment

We have proposed a novel approach to wireless, ad hoc
A set of light load experiments (with offered load re- multicasting which is based on forwarding groups and on-
duced by a factor of 20) was also produced and the re-demand routing. Preliminary simulation results show that
sults are shown in figure 12. There is no packet loss due tothe proposed scheme is much more robust to mobility than
buffer overflow. There is no throughput gain for on-demand the forwarding group version based on a global routing
multicast either since packet dropping due to the topology structure (Distance Vector). It also outperforms conven-
changes is the same for both schemes. The average delational tree based multicast schemes such as DVMRP and
however, is still much better for on-demand than Distance shared tree. The reasons for this superior performance
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1997.
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must be sought in lower control overhead and in more ag- sequenced distance-vector routing (DSDV) for mobile com-

ile recovery from path breakage. Storage scalability is also puters. INACM SIGCOMM pages 234244, 1994.
greatly enhanced by on-demand routing, especially in large

networks with sparse membership. Several extensions to

the basic scheme are now under study, including solutions

which scale to large membership size and methods for the

integration of the multicast on-demand route search with

existing on-demand unicast routing algorithms.
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