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Abstract though there are many categories of messaging and pres-
ence protocols (IMP), in this study we focus on Extensible
The need for deadline-sensitive messaging systems idessaging and Presence Protocol (XMPP) [8], which is an
growing fast with the growth in the number of mobile and open standard. The other related open standard protocol is
static devices communicating with each other. With many the Session Initiation Protocol (SIP) for Instant Messggin
such devices from different locations exchanging messagesind Presence Leveraging Extensions (SIMPLE) [7]. The
over a network, understanding the reliability of message XMPP architecture is a lightweight protocol with fewer
delivery so as to cost-effectively improve it becomes RFCs and higher market penetration. It is used in the
challenging. The analysis is even more challenging and Gtalk application by Google for instance. Besides, XMPP
complex when some or most of the nodes are moving atallows inter-working with proprietary protocols using its
different speeds following different mobility patternsdan Gateway. Hence, we will analyze the XMPP-like approach
when the network is wireless. In this paper we present ain this paper. In the XMPP protocol, all senders and
reliability trade-off analysis for the exchange of message receivers register at their respective controller (sérver
between nodes under different mobility scenarios andwith their names or IDs. A server broadcasts presence
various parameters using simulation. Some of the nodesinformation of the subscribed clients to all clients and
in our study are message servers which are responsibleother servers. A client then creates its roster by getting
for the control and delivery (relay) of messages from one subscription approval from other clients. A client can then
client node to another client node. send messages to its respective peer. A moving client can

Among other things, our simulation results show that a subscribe to the nearest server (smart selection) which can
message reliability of greater than 75% can be obtained route its messages to the intended receiver.
using a method of smart server selection and more servers Deadline-sensitive messaging systems (DMS) include
or a higher transmission range if the servers are not publish/subscribe [4], instant messaging (IM) and presenc
moving. However with a method of random server selectionprotocols (IMP) [8] and file exchange systems[5]. In the
or if servers are moving a 75% message reliability cannot case of publish/subscribe or file transfer systems some of
be achieved even using more servers and a higher rangethe nodes are senders (publishers) and some others are
The higher the packet sending rate by the clients, thereceivers (subscribers). In the case of IM or IMP protocols
higher the file reliability ( specially for bigger files and a node can be both a sender and a receiver. In the case of
smaller transmission ranges). For chat messaging, the IM and IMP protocols as well as publish/subscribe systems
reliability usually increases as the speed of the nodes messages are usually small in size and can fit into a about
(clients) increases. 1500 byte packet. File transfer protocols, on the other hand
involve sending multiple packets.

Such protocols and algorithms cannot be efficiently
designed and upgraded without a proper analysis and
understanding of the behavior of the nodes communicating
using such protocols under different mobility scenarios.
Simulation is one of the important tools to help design,

In recent years, we have seen an ever growing humberanalyze and improve such protocols. Previous study [6] has
of devices networked with each other to exchange mes-made extensive analysis of pub/sub systems. But only for
sages. The need for efficient deadline-sensitive messagmobile subscribers as publishers and servers are usually
ing protocols and algorithms increases accordingly. Evenstatic. A Reliability Calculus to analyze communication
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reliability has been presented in [3]. In the paper the Il..System Model
authors focus on the delay distribution of control mes-

sages or feedback. S|gnals.' They use a ca'lculus.ba.sed This section describes the model and architecture of the
on frequency domain ar'lal){5|s.of communlcatloq reliabil- system we analyze. The architecture consists of nodes, the
ity (end-to-end delay distribution). However, this study oork and the information the nodes want to communi-
doesnt give a trade-ofi analysis of reliability with veng cate with each other over the network using message de-
““”.‘bers of parameters such as number_of Servers (basqwery protocols in a one way or two way communication.
stations), transmission range and mobility scenarios. A\ya next discuss each of these components of the system.

probabilistic measure of broadcast reliability calléd Node Model: DMS usually involve entities (clients) and

Reliable_Broadca_st s pres_ented at [.1]' This paper makes %ervers which help the entities communicate. So our node
stochastic analysis assuming that failures are stoclalgtic model is comprised ofi, servers and., entities (clients).

independent. This implies that the analysis excludes c\lepen,,_\n entity can be a sender, a receiver or both. To study

Sggér;gg]?]ugcgit\';ﬂ ?elll?rsf tggecg?/elfggeo;zgsﬁ?tggfg sgnding and receiv_ing behaviors of nodes, we experiment
. . . " with controlled environments, where we haxg senders
words, dependent link failures like a network partition are ” :
tside of the failure model. andn; FECEIVErs. .
ou Information Modél: In this paper we focus on the study
In this paper we focus on the study of IM and IMP of IM and IMP protocols as well as file transfer between
protocols as well as file transfer between nodes where anynodes. In our study we considered unreliable transmission
of the DMS nodes can be mobile. An important quality of packets using a protocol similar to the User Datagram
of service (QoS) metric to study the performance of such Protocol (UDP). We next present protocols used to deliver
protocols is the reliability,R of message delivery. For both short (chat) and big (file) messages.
instance it can be very costly to use many servers (base Message Delivery Protocols: An XMPP [8] like pro-
stations) even though full coverage and very high religbili  tocol is used for the instant messaging (IM) and presence
can be obtained by using such an approach. Besides, @rotocols (IMP) [8] and file exchange systems[5] analysis
100% reliability of message delivery may not be required we make in this paper.
by many applications. For instance multimedia applica- Network Model: The communication between the
tions can tolerate some packet losses. On the other handlients and the servers can be in 3G, 4G, or WiFi. In
communication with a very poor reliability of message this study we use the WiFi communication between the
delivery can be of no use. Hence we study the reliability clients and the servers. The communication between the
as a function of many parameters. servers can be wired, 3G, 4G or even WiFi. In most of
our analysis the communication between the servers is
over wired links. We also have an analysis where the
&8mmunication between all nodes is WiFi.
Communication Model: For chat messages the com-
munication between the clients (entities) is many to many
We also present a server selection scheme which in-as each client may want to chat with many other clients
creases the reliability of message delivery. In this schemein a two way communication. The file transfer messaging
the server, which last sent a beacon message rather thagn the other hand is usually one way with one client
a random server in the sender’s server list, is selected bytransferring file chunks to another client in a one way
a sending node. Among many other things our analysisCommunication.
shows that a message reliability of greater than 75% can Evaluation Metric: In this study we evaluate the
be obtained using a method of smart server selectionperformance of the messaging protocols under different
and more servers or a higher transmission range if thenetwork and mobility scenarios using a reliability metric.
servers are not moving. However, with a method of random The reliability R of message delivery is obtained in terms
server selection, or if servers are moving, a 75% messagedf the number of packets generatédand the numbers
reliability cannot be achieved even using more servers andof packets received by the intended node as
a higher range. S

This rest of the paper is organized in such a way r= G @

that section Il describes the message exchange systerq.
model we analyzed. We then present the problem statement
in section 1ll, some numerical results in section 1V, the Sr
conclusion in section V. Rp = Gr'

In our analysis some of the nodes are clients which ex-
change messages among each other and some of the nod
are servers which help the clients exchange information.
We considered different mobility scenarios for these nodes

he file reliability Ry is defined as follows:
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Where G is the total number of a files generated for all
receivers andSr is the total number of files successfully
received by all intended receivers and obviously <

Gr. We obtain the file reliability using an all or none
approach in which case the reliability of a file is 0 even
if only one packet of the file is lost. This definition of file
reliability can be relaxed to tolerate some packet losses
before assuming the file is lost.

I1l. Problem Statement and Proposed Ap- Fig. 1: Evaluation Scenario
proach

We evaluate the reliability? of message delivery as . We consider the following two different server selec-
a function f of the length! and widthw dimensions of tion methods.
the rectangular movement area, the wireless transmission 1) Naive random server selectiamhere a sending
range ¢, the numbern, of servers or controllers (base node chooses any of the servers from the list of
stations), message deadlide the numbern,. of clients servers it received beacon messages from.
exchanging messages in the area, average client speed 2) Smart server selectiowhere a sending node se-
mobility scenarioM, server selection methofl, beacon lects the last server it received a beacon message
interval B of the wireless nodes, packet generation interval from.
i and file sizes. We observe how the function We have used a star-topology as shown in Figure 1 for

our experiment. Our choice of this topology also conforms
with the centralized nature of messaging systems, even
varies with the varying values of each parameter while though any other topology with any routing protocol can
keeping the other parameters constant using simulation. Webe used. The values of the simulation parameters used to
also observe how the function changes when a combinatiorevaluate the reliability functiorf shown in Equation 3 are

of some of the values of the parameters changes. Suclgiven in Table I.

trade-off analysis gives a good understanding of how much

R:f(l7w7t7ns7d7nc7U7M7S’B’i75) (3)

of each parameter is needed to achieve a desired reliability TABLE |- Simulation Parameters
of message delivery. Parameters Values

Ne 15 -29

I xw 1000m x 1000m
N 5 servers, 9 servers
. S naive selection, smart selection

V. Trade-off Analysis ; 150m, 250m

M Manhattan Mobility Model

In this section, we first discuss the environment we use y - sosrgesterS/Sec

for our trade-off analysis. We then present the trade-off b 0ls
analysis as a function of many parameters. i 0lsand05s

s 3 pkts and 10pkts

Analysis Environment: We evaluate the XMPP like
messaging system via simulations using NS2 [2] simulator o ) ]
under different network and mobility scenarios. Figure 1 Our trade-off analysis simulation results are organized
shows a sample scenario for our simulation. In this figure, @S follows:

S represents sender node, R represents receiver node ande Case 1.R Versust
C represents session controller (server) nodes. o Case 2:R Versust andng
In our study we have made the following assumptions. e« Case 3:R Versust, n, and S

. Every communication passes through the servers e Case 4:R Versust, ny andi
(controllers). Messages are stored at the servers until * Case 5:R Versust, n, ands
their receivers come in range or until they expire. This ~ Unless otherwise specified, the results in this section
is the typical case in today’s messaging protocols. are for a fixed packet size @4 + IPHDRLEN Bytes,

« Every message sent is replicated at all servers fromwhere20 < IPHDRLEN < 60.

any of which a receiver gets. Case 1: Figure 2 shows the results of the scenario where
» Discrete mobility speeds range from 5 to 50 m/s with receivers (subscribers) are mobile and all other nodes are
an interval of 5. static. Here we see that, even for 150m communication



range, the file reliability is higher especially when the Chat Reliability
receiver speed is very high. The fact that the senders are o
not moving improves the reliability. Here it must be noted
that the server selection by senders has no effect as the
senders are not moving. When the receivers move faster
the reliability improves as the moving nodes can quickly
come closer to the servers before the message deadline o
expires. This conforms to some interesting results [9] in ® onder roconer sormotspeed (nfy
the literature that mobility improves capacity.
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Fig. 4: All nodes mobilens; = 9,¢ = 250, s = 3: Chat

5 servers, 150m to 250m range

08 K/—d/ moving. Here, we consider 5 senders, 5 receivers and 5

06 o topics. The chat message is generated at a uniform rate of
250m Range - 1packet /5sec. From the figure, we see that, this scenario
gives almost 100% average reliability with 9 servers and

250m wireless transmission range. As can be seen from
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5 10 15 20 25 30 35 40 45 50 the result, the reliability is the smallest with a 150m
Sender speed (mis) transmission range and 5 servers.
Fig. 2: Mobile senders (subs): 1-to-many, chaf,= 5
Chat Reliability
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Figure 3 shows the results for the scenario where both . . .
senders and receivers are moving and only the servers are g OB .
. . . =
static with a random server selection. Here, we see that, 3 °° N~ ]
even for 250m wireless communication range and higher § o4 Ssrv, 150m —— |
speed, the maximum average reliability is very small. Here g 0 §§$¥: gggm .
. . . . SIv, m
the combination of random server selection and receiver o
HR H HA 5 10 15 20 25 30 35 40 45 50
mobility causes a very small average reliability. Sender speed (mie)
5 servers, 150m to 250m range Fig. 5: Mobile senders (publishers): 1-to-1 chat
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Figure 4 shows the result for reliability where all nodes Fig. 6: Mobile sendersi = 5,s = 10
(sender, receiver, and servers) are mobile. Here we see that
even for our best cases (9 servers, 250m wireless range and Figures 6 shows the reliability results for file transfer
smart server selection), the reliability is very small. When scenario where only senders are mobile and all other nodes
all the nodes are moving, the network may be segmentedare static. We consider 5 server case along with 5 senders,
into smaller isolated networks. In this case if the sender 5 receivers, 5 topics and 9 server case along with 6 senders,
is in one segment and the receiver is in another segmentl8 receivers, 6 topics. We also consider that the file packet
which is out of range of the sender’s server segment, then itsize is fixed to ba 000+24+1PHDRLEN Bytes where
becomes difficult to transfer messages between the node20 < IPHDRLEN < 60 and file packet is generated at
We are working on ways to improve the reliability for this a uniform rate10pkt/5sec. We have used smart server
scenario. selection and more servers. From the figure, we see that,

Case 2: Figure 5 shows the reliability results for these scenarios give almost 100% average reliability with
1-to-1 chat communication where only the senders arethe 250m wireless transmission range and 9 servers.

4



Case 3: Figure 7 shows the result for 1-to-many chat o File Reliabilty

communication scenario. In this case, again we see that, 8f .
the 9 servers and 250m case, along with smart server g o T ]
selection, provides the best result. The result clearlyssho g os e )
the benefits of a sender’'s smart server selection over the 2 o o ipkt
random selection. g o2p  RIEDE
0.1 fs = 10 pkts
Chat Reliability ° 5 10 15 20 25 30 35 40 45 50

Sender speed (m/s)

Fig. 9: Mobile sendersas = 9,t = 150m,i = 5s
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in mobile networks are not feasible. For example for a
1000m x 1000m coverage area, a random server selection

5 10 15 20 25 30 35 40 45 50 results in reliability which is less than 25%. For the same
Sender speed (mis) area if servers are moving, the reliability becomes less tha
Fig. 7: Mobile senders (publishers): Chiat 5, 1-to-many 12%. On the other hand any mobility speed of 1m/sec to

50m/sec of clients can be tolerated with sufficient number

Case 4: Figure 8 shows the reliability results altogether of stat_ic servers and transmission range using smart server
to understand how packet generation ratevhich we selection. A 159m range with 9 servers or 5_ servers Wlt.h
also call publication ratépint) impacts the file reliability ~ 2°0m range gives a chat message reliability which is
results. As can be seen from the results, higher packeti9her than 75%. For the same coverage area only a 250m
generation rate improves reliability. This is because with ransmission range gives a file reliability greater than 75%
higher rate, more packets are transmitted before a noddligher packet generation rate also improves file religpilit
moves out of range. The improvement is even higher Whenspemallly fpr bigger files and smallgr transmlssm.n ranges.
the file size is bigger (see Figure 9) and the transmission ' N€ reliability of chat message delivery usually increases
range is smaller. With a higher transmission range and@S the speed of the nodes increases. This conforms with
enough servers there is enough coverage that the packetome findings [9] in the literature.
generation rate doesn’t matter that much.
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\/.Conclusion

In this paper, we present a reliability trade-off simu-
lation analysis of a deadline-sensitive messaging systems
(DMS) in mobile networks. Our analysis shows that unless
servers are static and smart server selection is used DMS



