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Abstract—The architecture of the current Internet was not architecture divides the roles of the endpoints in two cat-
originally designed to support either mobility or multicast. In  egories: publishers and subscribers. Publishers are informa-
particular, its coupling of host identification and location identi- tion generators or owners and subscribers are information

fication has hindered the provision of effective mobile services. At Subscrib their int ti ticul
the same time, its lack of support for multicast distribution causes consumers. Subscribers express their interest in- particuiar

a multitude of redundant unicast transmissions, leading to an Pieces of information, in the form of subscription messages
inefficient utilization of network resources. Both these limitations to an event notification service. Publishers make information
are especially apparent in the case of real-time continuous media available in the form of publications, which are also handled
distribution. The publish/subscribe paradigm has been proposed 1, the event notification service. This service is responsible
as a promising alternative to the current send/receive paradigm f tchi bscrioti ith blicati d tifvi

for a future Internet architecture. In future publish/subscribe or ma'c Ing subscrip |o.ns ,W' publica 'On$ lan notifying
networks, multicast will be the norm, and this change of the Subscribers when a publication matches their interest.
end-to-end communication semantics will lead to a networking  In this paradigm, subscribers are not necessarily aware
environment more suitable for mobility. In the context of this of the publishers, and vice versa, and there is no need for
paradigm, this paper considers a prototype architecture based gy nehronization or coordination between them as the event

on the Scribe overlay multicast scheme. Preliminary simulation tificati d ice handles this indirect f
results show that our publish/subscribe network implementation notincauon, or rendez-vous, service handies this indirect rorm

achieves better performance during mobility compared to Mobile Of communication. The anonymity and the asynchrony of pub-
IPv6 in all relevant metrics, such as hand-off delay (or resume lish/subscribe systems allows them to adapt quickly to frequent

time) and loss of real-time traffic during disconnections, at the disconnections and reconnections, making them advantageous
g?rzttc?r]: Ei" nf{')'gg;é”g;?ﬁ: gtﬂtehr;;nd-to-end delay due to the routing a mobile network environment [4]. At the same time, by
shifting towards an information-centric paradigm, multicast
becomes the main routing mechanism for the efficient delivery
|. INTRODUCTION of the content to the group comprised by an information item’s
In the early days of the Internet, mobility was not amsubscribers. Hence, multicast assisted mobility [5] re-emerges
issue, as hosts were (at best) the size of a large closet. asa promising research direction, but in a new context.
the Internet evolved and hosts shrunk, the need for mobility The Publish/Subscribe Internet Routing ParadidPSIRP)
appeared, but instead of redesigning the Internet, mobility wi&§ EU-funded research project is working on creating a
supported via “add-on” protocol enhancements such as Mobilean slate Internet architecture based on the publish/subscribe
IP. Nowadays, in order to address a number of difficulties witbmmunication paradigm. However, being pragmatic, PSIRP
the current Internet architecture and realize the Internet’s falbnsiders two levels of publish/subscribe implementations: a
potential, a clean slate approach is widely advocated [1]. Thative one, where network elements directly support pub-
intensified traffic requirements, content evolution, prevalenéieh/subscribe at all stack layers, and an overlay approach,
of mobile devices, novel applications, real-time constraintghere the publish/subscribe functionality is provided on top of
and other requirements create an environment with whiem underlying traditional (e.g., IP) network. In this paper we
the current Internet architecture can barely cope. Suchfdlow the overlay based approach towards a publish/subscribe
clean slate approach should revolve around information, daternet architecture, using Scribe [7], an overlay multicast
endpoints [2], taking mobility into consideration from the stascheme, as a starting point. We show the effectiveness of
rather than as an afterthought. Scribe in supporting mobility in the context of a video stream-
The publish/subscribe communication paradigm has beg application. Based on this overlay architecture we study
suggested as a candidate for a future Internet architecturettasintrinsic characteristics of a publish/subscribe network and
it focuses on the information rather on the endpoints genexplore the potential benefits of an overlay realization of this
ating or consuming that information. The publish/subscrigaradigm, which would undoubtedly be easier to deploy than
paradigm has received considerable attention and many vés- native counterpart. Our work is inspired from previous
ants have been proposed, each adapted to different applicatieffigrts on multicast assisted mobility [5], but it also exploits
or slightly different network models [3]. A publish/subscribecertain properties of the underlying Pas@ystributed Hash
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Table(DHT) scheme [8]. To the best of our knowledge, this is
the first attempt to address the issue of mobility in the context
of overlay multicast.

The remainder of this paper is organized as follows. Sec-
tion 1l briefly presents related work. Section IIl provides

—_ Bidirectional tunneling
............. Route Optimization

a detailed description of the proposed network architecture, 7
which is then evaluated, via both analysis and simulation, Py
against Mobile IPv6 in Section IV. Finally, Section V presents ./
conclusions and directions for future work. I/
Il. RELATED WORK Home Agent "~-<. ;
- . o S , MN
Mobility and its adverse implications for the current Internet <

architecture have been widely studied over the past years,
resulting in a wide range of mitigating approaches. The Mobile

IP (MIP) scheme, whose most recent version was designed
for IPv6 [9], was one of the first attempts to add mobility:ig_ 1
to IP. In MIP whenever amobile node(MN) connects to

a foreign network, after being assignedcare of address

(CoA), it informs its home agen{(HA), that is, a router in destinations. However, these approaches still suffer from IP
Its home network which represents the MN when it is awayyticast's drawbacks, such as its limited scalability which
about its CoA. Every message towards the MN has as thgye hindered its deployment. In this work, we avoid these

destination address the MN's initial home address, therefqgjitations and revisit multicast assisted mobility by focusing
it has to be tunneled by the HA to the CoA of the MNyp gverlay multicast.

(see Fig. 1). This leads to an inefficient triangular routing
and has triggered the emergence of various optimizations
such as Route Optimization in Mobile IPv6. In this scheme,
the corresponding nodgCN), that is, the node currently
communicating with the MN, is informed of the MN’'s CoA,
so that traffic can be directly destined there.

Even with route optimization, MIP suffers from various
problems. Packet encapsulation, which is required until route
optimization starts working, adds significant overhead to each
packet, and handover is not always fast enough. MIP handles
local mobility of a host the same way it handles global
mobility, so the same signaling load is incurred regardless of
the user’'s mobility pattern, making MIP not scalable. In order
to tackle this problem various extensions to MIP have been
proposed such as Hierarchical MIPv6 [10], an extension to
MIP that distinguishes between local and global mobility, and
Cellular 1P [11] which aims to provide fast local mobility.

In order to perform faster handovers, various approaches,
such as the Fast Handover for MIPv6 scheme [12], try to
predict user movement so as to pre-configure the next access

Foreign Network
Access Router

Routing in Mobile IP.

Location A Location B Location C

Handover ? Handover ?
8 _—

point. The accuracy of these prediction schemes is not very — &
satisfactory [13] and sometimes the burden they impose at the MN
link layer outweighs the improvement in handoff time that

they offer.

. . . . Fig. 2. Multicast assisted mobility.
The alternative approach of multicast assisted mobility has

been widely studied in the context of IP multicast [5]. This

approach creates multicast trees that distribute data around
the area that a mobile user resides in (see Fig. 2). This'”' A PUBLISH/SUBSCRIBEINTERNET ARCHITECTURE
scope of this distribution can be either statically determined,In the envisioned publish/subscribe architecture for the
for example, data are forwarded to all neighboring aredsiture Internet, the notions of end-host identity and location
or based on the expectation of possible movements of thee decoupled. Endpoints are identified by flat, location inde-
mobile node. Multicast based mobility solutions offer th@endentidentifiers. The event notification service is realized by
advantage of fast local handoff as well, as they provide andez-vous pointghat is, network elements where subscrip-

effective mechanism for simultaneous data delivery to variotisn and publication matching, as well as forwarding, is taking
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place. Routing and forwarding will take place as in the routing multitude of mobile nodes, where group membership (i.e.
on flat labels [14] and data-oriented network architecture [15libscriptions) change not only due to content-related reasons
proposals, where only data identifiers, calteddezvous iden- but also due to mobility, state management is simplified.
tifiers (RId)!, are used for routing and forwarding decisions=urthermore, according to theute convergenceroperty of
Each rendez-vous point is responsible for a certain range Rdstry, the distance traveled by two messages sent to the same
RIds, performing the subscription and publication matchinigentifier before their routes converge is approximately equal
for those RIds, with all other rendezvous points providintp the distance between their respective source nodes. This
forwarding services. Whenever a subscriber wants to exprgseperty is of particular importance in mobile environments,
its interest for a certain publication, it only needs to knows when a mobile node moves from cexexess poinfAP) to
its RId, not who is the publisher or where this publication ianother, these APs are expected to be close enough, therefore
located. In a similar manner, publishers do not have to kn@vnew subscription message from the mobile node will meet
who is accessing their publications, they only have to set @a previous delivery tree in a few hops.
appropriate RId for it and advertise it to the correct rendez- In our architecture every router participates in Pastry and
vous point. can serve Scribe multicast trees as well. Every router is
This paradigm favors the use of multicast and cachingssigned a unique ID and hence, a unique position in the
Whenever a rendez-vous point receives multiple subscriptiodgntifier space. On the other hand, (mobile) end nodes neither
for the same RId, it forwards a single subscription to the negarticipate in Pastry nor carry an IP address. This clearly
rendez-vous point towards the publisher. In effect, there wikkflects our target of breaking the end-to-end semantics of
be a single data flow from the publisher towards that rendamday’s communication. Every node is directly connected to
vous point. When data reaches a rendez-vous point that mergadverlay access routgfOAR), which provides access to the
multiple subscription messages, it is copied and forwardederlay network and the multicast communication substrate.
to all subscribers. Moreover, a rendez-vous point may cachbile nodes are connected to OARs through their currently
published data for a period of time in order to serve futurgssociated AP. APs may act as simple bridges to the wired part

subscriptions. of the network, may form groups connected to a single OAR
so that link layer mobility (roaming) is provided in certain
A. An overlay approach parts of the network, or even act as OARs themselves. For

. . o simplicity, we will consider the first option in the remainder
In this paper we consider an overlay realization of thg}c this paper
proposed architecture, based on Scribe [7], an overlay schem henever a (mobile) node wishes to act as a publisher,

providing multicast r°“t”?9- Itis an_t|C|pated_ that the gleplo it simply delivers its publication to its OAR, which is then
ment of an overlay publish/subscribe architecture will make . L .
" . ... fesponsible to deliver it to the proper rendez-vous point. When-
the transition to the new paradigm smoother, as it will be . . ) o .
. . . S ever a (mobile) node wishes to subscribe to a publication, it
able to coexist with current technologies. Scribe is based on . )

- . sends a subscribe(RId) message to its OAR. When an OAR
Pastry [8], an efficient and scalable DHT substrate. Unlike . : o o
. ; receives a subscribe(RId) message for the first time, it issues

other DHT schemes Pastry employs proximity metrics, suc . .

L a ScribeJoIN message towards the RV of the multicast group

as the number of IP hops or the round trip time towards othér

. . th id equal to RId requested, so as to become a member of
nodes, when choosing among the potentially large number Bl aroun and its multicast tree
DHT nodes that may be used to relay data. As a result, the group '
average distance a message travels does not exceed 2.2 times

the distance between the source and the destination in BieMobility support

underlying ”.D ne'w_vork [16]. Scnibe maps the name of each For mobility to operate properly in the above described
group to an identifier and makes the node responsible for t lication delivery mechanism, we must take into account
identifier the rendez-vous point for that group. A subscriber at asmobile nodegMNs) move from one AP to another it is

a group 1Ssues a ScribmiN message towards the RV of the: ossible that they will change their OAR as well. In this case,
multicast group. As theoIN message propagates via Pastry s, o, st inform their new OAR about the publications they

overlay forwardi_ng mechanism, reverse path r_outing state Jp, interesting in so that the OAR may join the appropriate
estaphshed untll a node already in the tree is fognd, thH‘ées. Of course, it is possible for an OAR to already belong
forming a multicast t_ree root.ed at the re_ndgz—vgus point. V\_/h?cp the corresponding multicast tree, either because another
the rendez-vous point receives a publication it forwards it %d node attached to that OAR had already subscribed to the
all nodes that have expressed their interest for this publicati%%me publication, or because this OAR had become a part

Or;]e .Of the r:naln rle_asons fo_r ch005|r_lg th'_s part(ljcgl%rf this multicast tree in order to serve another OAR as an
mechanism Is that mu ticast r_outlng state Is malntalne. Nifermediate, forwarding node. In these cases, the OAR only
completely decentralized fashion: each node in a tree is o

s i ediat X gl danes. e t_¥eds to forward the publication towards the MN.
aware of its immediate ancestors and descendants, eliminating " o tor an OAR to leave a multicast group, it must

Fhe signgling traffic n.eeded. in order to 'mainta.\in global SFag%nd aLEAVE Scribe message after a period of time from
information. Hence, in a highly dynamic environment WIﬂ?he moment it anticipates the need to leave the multicast tree,

1statistically unique identifiers, for instance, the result of a hash functi(mat is, the OAR schedules e.‘_delayed transmission of a Scribe
over the data. LEAVE message for a specific group when the last MN for
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that group has disassociated from the APs attached to the
OAR. The reason why an OAR does not immediately leave tiacket loss: The percentage of transmitted packets not
multicast group is two-fold. First, whenever an OAR leavedelivered to the MN due to mobility. It is a coarse grained
a multicast group, the multicast tree for this publication imdication of the service disruption incurred.

(partially) destroyed, thus it may not be possible for a MN

to take advantage of the existing Scribe trees and the ro@ed-to-end packet delay: The elapsed time between
convergence property of Pastry, unless if another MN in thiee transmission of a packet by its source and the reception
same area has subscribed to the same tree. Second, a dfithe packet by the MN. It indicates the impact of stretch on
may soon return to the original O&Rso by refraining from the delivered service.

immediately leaving the multicast tree, signaling is reduced

and potential caching/buffering techniques may be enabledA Signaling analysis
This architecture has significant advantages in supporting

mobility. First, by employing multicast as the main routing In this section we provide an analytical comparison of the
mechanism, routing updates can be localized. This means tRgPosed architecture and Mobile IPv6 in terms of signaling
when a MN moves from an OAR to another, traffic can b@verhead. We chose Resume time as the primary performance
diverted to its new point of attachment at the lowesmmon metric as it directly reflects the efficiency of a mobility support
ancestor(CA) of the two OARS in the tree. Second, neighborSCheme in terms of communication disruption. ObViOUSly, this
ing OARSs can proactively join the established multicast trdbne is heavily affected by the signaling required in order
in order to prepare for a potential attachment of the MN. Thfgr the network entities involved to be informed about the
proactive mechanism could be based either on a determinidfll’s change of position, that is, the time required for the
selection of nearby OARs or a probabilistic analysis of a MN#Uting substrate to adapt to the movement of the MN. Figure 3
movement (e.g. [13]). This enhancement lies beyond the sc&i®ws a generic network topology in whichnaobile node

of this paper, but constitutes and important area for fututMN), initially residing at its home network, moves around
work. Third, due to the route convergence property of Pastfie network while communicating with @rresponding node

this CA is expected to be close enough to the new point §¢N). Table | outlines the signaling messages of the Return
attachment for the routing update to be performed fast. TR@utability procedure which is required for Route Optimiza-
intuition is that when a MN moves from one AP to anothefion to work'.

these APs are expected to be close enough in the proximity

space, so the re-subscribe message of the MN will meet the

CA after traveling a short distance in the proximity space. CN
On the other hand, thstretct imposed by overlay routing is

expected to negatively affect the performance of the proposed

architecture.

IV. PERFORMANCE EVALUATION N

In this section we evaluate the performance of the proposed AN
architecture in the context of streaming services such as
Mobile TV. Our target is to investigate the impact of node g, CA
movement on the experienced service quality in the context
of the proposed mobility support mechanism. We compare
the performance of this mechanism to that of Mobile IPv6, a
standardized solution that can also serve as a basis for indirect
comparisons with other mobility schemes. In this comparison o
the Route Optimization feature of MIPv6 is enabled through
the standardized Return Routability procedure [9]. We did
not consider multicast assisted mobility schemes based on ﬁ,
IP multicast due its limited deployment. The following )
performance metrics are investigated:

HA OAR, OAR, , OAR,

Resume time: The elapsed time between the association 5 3 Example topology.

the MN with a new AP and the reception of the first packet

by the MN in its new position. It indicates the efficiency of In the following we usedx_.y to denote the distance in

the signaling mechanism used to divert traffic towards tHgimber of hops between the network entitieandy. Since

new position of a MN. steps 3 and 4 and steps 5 and 6 of the Return Routability
procedure take place in parallel, we can express the Resume

2This could also be due to ging-pongeffect between neighboring APs.
3The ratio between an overlay path length (or delay) and the length (or*A limited description is provided here due to length limitations. For further
delay) achieved by IP routing. details please refer to [9].
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f '\B/'iizisﬁgg%;ﬁztee B0 S‘,\),lu,\rfe Deslt_"nA"’mon ‘Both the HA and the CN are connected to randomly chosen,
2 | Binding Ack. (BA) HA MN disjoint OARs of the topology. The AP in the Home Network
i gg;zeofTeTsetsitniirt“EI-(gi%) mm HA(;\ICN of a MN is directly connected to the HA rather than to the
5 FHome Test (A1) N AN respective OAR. In the case of the proposed architecture and
6 [ Care-of Test (CT) CN VN in order to produce comparable scenarios, we placed an extra
7 | Binding Update (BU) CN MN OAR between the AP and the randomly chosen OAR acting
8 | Binding Ack. (BA) MN CN as the initial point of attachment of the MN to the network.
TABLE | Furthermore, an extra OAR was also connected to a randomly
RETURN ROUTABILITY PROCEDURE. chosen OAR in the grid topology to serve as the originator of

the data flow. Figure 4 shows an example topology. The circles
around each networking entity denote the transmission range
of its wireless interface. The square bounded area denotes the
Time of Mobile IPv6 as follows: part of the topology actually accessible by the MN. We have
chosen a topology providing full wireless coverage in order
RTyrpos = 4dyN—mA +2dyn—on +2dga—~cn (1)  to restrict the anticipated service disruption to each protocols’

In our overlay multicast assisted mobili{@MAM) scheme, a operation.

re-subscribe message is sent over the wireless medium by the
MN towards the newly visited OAR which in turn generates

a ScribeJOIN message towards the lowestmmon ancestor
(CA). Hence:

RTomam = dyN—0AR, + doAR,—CA (2

\,

The following equation expresses Pastry’s route convergence <
property. AR A N

doAR,—~CA = 4 X dOAR,_,—OARy, & — 1 (3)

By neglecting the distance cost of wireless medium trans-
missions in both scenarios and assuming, for simplicity, that
OARj,_1 belongs to the path between tieA and OAR;, o
our scheme results in a smaller RT value when: / / ) [

RTonam < RTwnrpos &

2doARy,_,—HA + doAR,—CN +dHa—cN

(4) S I

Fig. 4. Grid-like example topology.

a<4+42
dOAR;,_,—~OAR:
According to the route convergence propetty— 1, thus
it is evident that our architecture results in a redudeg. ) . . I
Moreover, RT — 0 when O ARy, is already a member of the Our scenarios consider a single MN initially connected
publication’s multicast tree. This may happen due to anotHg 'S home network. Upon initialization, the MN starts to
MN attached ta) AR, that has expressed interest for the sanf8ove following the mobility model described in [20]. In

publication, or becaus® ARy, is acting as a forwarding node,th'z r’r:odtel a M'}lt movesd n gds_tralght line, mgktesd a trn
: - - n rs over. nd direction ar r

that is, an intermediate tree node, for anottet R;. and starts over. Iis speed a ection are upcated avery
seconds, withe following a normal distribution with a mean

. ] of 10 seconds and a standard deviation of 0.1 seconds. The

B. Simulation results speed of the MN is normally distributed with a mean of

To evaluate the performance of our scheme under dynami89 meters/sec (approximate walking speed of 5 Km/h) and
conditions, we used the OMNeT++ simulation framework [17 standard deviation of 0.01 meters/second. The change in
enhanced with xMIPv6 [18] and OverSim [19]. In our simudirection also follows a normal distribution with an average
lations we considered a simple network topology comprisirgf O degrees (no turn) and a standard deviation of 5 degrees.
multiple OARs deployed in a grid-like topology. All OARs runWhenever the MN reaches the limits of the simulated area it
the full TCP/IP protocol stack, as well as Pastry and Scribe frounces with the same angle and speed.
the case of the proposed architecture. All wired connectionsOur measurements were based on a simple application
are implemented with Ethernet links. One IEEE802.11b Astenario in which a stationary node sends a sequence of
is directly connected to each OAR, with neighboring APEDP datagrams (CBR traffic) towards the MN. The UDP
operating in disjoint channels. We were restricted by thetream resembles a H.264, Level 1 SQCIF video stream with
XMIPv6 model structure which necessitates the deployme3®.9 frames per second [21]. In the case of MIPv6, the CN
of a single home network with a single MN in any topologyis initially only aware of the MN’s home address and uses
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it as the destination of its data. While moving, the MN isnteractive streaming applications as the ones considered in
responsible for updating its bindings with its HA and th¢his paper.

CN in the case of Route Optimization. In the case of the
proposed architecture, the CN simply sends its UDP packets
towards a rendez-vous point whose position in the networks
is determined by a randomly generated key and Pastry's!n this paper we show how an overlay multicast architecture

functionality. The complete set of parameter values used Gan assist mobility, especially in the context of multimedia
our simulation environment are provided in Table II. streaming applications. Our reference model is the information

centric publish/subscribe paradigm, a promising approach to

V. CONCLUSIONS AND FUTURE WORK

Parameter Value address many of the deficiencies of the current Internet’s
ﬁ{j‘r‘:]g;eof - 301‘30 architecture and protocols. Initial measurements show that
Number of CNsS T overlay multicast routing can greatly assist mobility in terms

Wired connections type 100 Mps Ethernet of reduced hand-off delay (or Resume time) and the reduced

Propagation delay (ms) 05 data loss if buffering and re-forwarding of traffic is not
g:éiéf‘ﬁz(eK?bp;LS) gg implemented, which would be natural for real-time streaming
Total number of packets sert 556200 applications, at the cost of slightly increased end-to-end delay

due to the overlay imposed path stretch.

Future work will explore several different promising direc-
tions. First, caching, which we have not yet considered but
is natural for publish/subscribe, is expected to accelerate data

. ) ._dissemination, improve efficiency and better support, in par-
We now present our initial results derived from the S"Mcular, reliable communication. Second, mobility prediction

ulatiqn scenarios described above. Thefse results constitte . mes in conjunction with delaydcEAvE messages and
the first step towards a thorough evaluation of the proposgg,, tive multicast group joins must be considered as they
architecture with respect to mobility. Table Ill shows the valugsy, certainly lead to faster handoffs. While mobility prediction
derived for the above described metrics. is the first step, also taking advantage of the local nature of

TABLE Il
SIMULATION SCENARIO PARAMETERS

Mobile 1PV6 | Overlay Multicast mobilit_y, and the_ multicast nature__of all gor_nmunication in
Resume time 1.208 sec 0.007 sec a publish/subscribe network, mobility prediction can become
Packet loss 2.002% 1.059% very effective, particularly since information can be econom-
End-to-end delay| 12ms 17ms . L . . . .
ically distributed to a few neighboring locations. Finally we
TABLE Il

SIMULATION RESULTS.

need to investigate how mobility support will be affected when
multicast will have to cope with reliable data transfer, as well

as two-way, or multipoint-to-multipoint, communication.

As expected, our scheme yields a significantly lower Re-
sume time than Mobile IPv6. This is justified by the localized
handling of mobility. Upon each change of network position
Mobile IPv6 launches the Return Routability procedure i
order to apply Route Optimization. As shown in the previous

section, this causes an exchange of signaling packets both

with the HA and the CN. Considering the fact that thes%]
nodes may be located in distant parts of the network, this
signaling may considerably delay the establishment of ne\e]
routes for the traffic destined to the MN. On the other han |
in our architecture this signaling overhead is reduced since
only the CA node in the multicast tree is notified about the
MN’s change of position. The significance of the reduced?
Resume time is depicted in the Packet loss metric wherg,
we see a noticeable difference between the two considered
approaches. Furthermore, it must be noted that by localizi g
routing updates our architecture enables the actual delivery

packets in transit in the scenarios where the CN resides in
a distant area of the network. However, these improvements
come at the cost of end-to-end delay. Indeed, as we see |i
Table Ill, our approach results in a higher end-to-end delay.
As explained earlier, this is due to stretch imposed on the
routing due to the reliance on a DHT substrate. We must
note however, that this increase could be acceptable for non-
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