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Abstract As networking technology advances, more ad-
vanced message services are provided. Users may have one
or more different message accounts and devices. Before
sending messages, the sender must make sure which mes-
sage service the receipt currently uses. Any misjudgement
may delay the time when the messages are received. To make
users be able to receive messages anytime and anywhere with
any kind of devices, we propose a Ubiquitous and Unified
Multimedia Messaging (UMM) platform. The UMM plat-
form integrates different message services and provides a
more efficient way for message delivery. Our design does
not modify the existing protocols of message services and
need not involve the network operators. An analytical model
is proposed to evaluate the performance of the implemented
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platform. Our study shows that with a large number of mes-
sage services the user subscribes and long message process-
ing time in the network, the delayed message probability
can be limited within 1.5%. This performance is considered
satisfactory.
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1 Introduction

The Global System for Mobile Communications (GSM) as-
sociation reported that 45.6 billion Short Message Service
(SMS) messages/month have been sent worldwide in 2004.
The message service has become one of the major appli-
cations for people to communicate with each other. With
the improvement of the networking technologies, such as
higher network bandwidth and powerful mobile devices, the
message service is not limited to the notification with pure
text. The Multimedia Message Service (MMS) [3, 4, 26, 35]
is standardized to deliver rich content, e.g., images and au-
dio/video clips. As estimated by a recent study from Strategy
Analytics, the MMS market will scale to more than 22 bil-
lion U.S. dollars by 2008 [28]. Besides MMS, the Instant
Messaging (IM) service is proposed to allow users to ex-
change messages instantly. The Radicati Group predicted
that the population of IM subscribers will grow up to 1.4
billion by 2007 [29].

The current message service environments, such as MMS,
IM, and E-mail, are developed independently. Users may
have one or more different message service accounts and dif-
ferent devices. Before sending messages, the sender should
make sure which message service the receipt currently uses.
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Any misjudgement may delay the time when the messages
are received. To make users be able to get messages anytime
and anywhere with any kind of devices, it is crucial to have
a Unified Messaging (UM) platform to integrate different
message services.

Some previous works [7, 17, 25, 32, 33] have touched on
the UM concept. They are summarized as follows: In [7],
Arbanowski and van Der Meer proposed the “Service Per-
sonalization for Unified Messaging Systems”. They studied
how to personalize different message services in a unified
way. The authors only considered the message services, such
as Fax, E-mail, and Paging services. The advanced message
services, such as MMS and IM, were not addressed. In [25],
Miao, Impey, and Baozong discussed a seamless message
service to integrate the traditional message services. In [17],
Healy, Barber, and Nolan addressed how to use the JAVA lan-
guage to develop a UM platform and its applications. How
to realize the UM concept is not mentioned in this work.
In [32, 33], Wams and van Steen proposed a middleware-
based unification architecture. Their architecture does not
follow the standard protocols. The implementation cost for
this architecture is considered high.

In this paper, we provide a more general solution, a
Ubiquitous and Unified Multimedia Messaging (UMM) plat-
form, for the UM concept. The UMM platform adopts a
gateway-based approach. It provides an open interface to the
message services so that it is easy to integrate message ser-
vices with the UMM platform. Our design does not modify

the existing protocols of message services and need not in-
volve the network operators. We implement the Ubiquitous
Message Forwarding (UMF) algorithm to select a suitable
message service to deliver the messages to the recipient. We
also implement the interactive Multimedia Message Service
(iMMS) mechanism, which allows the application services
on UMM to deliver their service templates to the message
senders, and enables efficient message exchanges between
the end users. We conduct an analytic model to evaluate the
performance of the UMM platform.

The rest of this paper is organized as follows: Section 2
presents the system architecture and the software compo-
nents of the UMM platform. Section 3 describes the signal-
ing protocol named Unified Message Interaction Protocol
(UMIP) for delivery of a unified message. Section 4 illus-
trates the iMMS mechanism. Section 5 details the UMF
algorithm. Section 6 proposes the analytical model. Finally,
Section 7 gives a concluding remark.

2 The UMM system architecture

Figure 1 illustrates the system architecture of the UMM plat-
form, which consists of three major parts and is separated by
two open interfaces, OI-HN (Open Interface for Heteroge-
neous Networks; Fig. 1(2)) and OI-AP (Open Interface for
Applications; Fig. 1(9)). The functionalities of each part are
described in the following subsections.

Fig. 1 The UMM system
architecture
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Table 1 The OI-HN interface

Function name Intended usage

InteractiveServer.User Sub REQ() for user registration
InteractiveServer.AP Sub REQ() for service subscription
InteractiveServer.Info Update REQ() to update subscriber’s information
InteractiveServer.Msg Init REQ() to get the templates of an Interactive Multimedia Message (iMM)
UMMServer.Msg Send REQ() to send a unified message
Connector.UAProf REQ() to instruct the connector to retrieve the user agent profile (e.g., OMA UAProf) of a terminal device
Connector.Msg Deliver IND() to instruct the connector to deliver a unified message

2.1 Bearer connection part

The Bearer Connection Part (Part1, Fig. 1) maintains the
bearer connections between the UMM platform and the ter-
minals residing in the heterogeneous networks. This part
implements the SMS Connector, MMS Connector, IM Con-
nector, and Mail Connector (Fig. 1(1)). A connector handles
two major tasks:

� It talks to the message servers (e.g., Multimedia Mes-
sage Service Center (MMSC) [4], SIP Proxy server [31],
and Mail server) in heterogeneous networks by standard
protocols. The UMM Server (Fig. 1(3)) can send/receive
the messages to/from the message servers through the
connector.

� It collects the user related information (including user pres-
ence information and terminal capability information) and
then reports them to the Interactive Server (Fig. 1(4)).

The MMS Connector connects to the MMSC through
the MM7 interface1 [4]. Then the MMS Connector registers
itself to the Presence Server [5] as a Presence Service Capa-
bility Server2 (SCS) [1]. The registration follows the Open
Service Access (OSA) protocol [6]. The MMS Connector
can be notified of any change of the user-related informa-
tion. The IM Connector connects to the Session Initiation
Protocol (SIP) Proxy through the SIP protocol [31]. The IM
Connector registers itself to the SIP Presentity3 as a watcher.
The SIP Presentity can report the latest presence informa-
tion of a SIP user to the IM Connector. Following the POP3
protocol [27], the Mail Connector connects to the E-mail
server.

A timeout monitor is implemented in the connector to
detect any failure message transmission to/from heteroge-
neous networks. In the Interactive Server and UMM Server,

1 The MM7 is run over the HTTP layer. Before delivered through MM7,
the multimedia messages are encapsulated with the Simple Object Ac-
cess Protocol (SOAP) format [38] and attached in the payload of an
HTTP message.
2 The Presence SCS is a watcher responsible to query the user presence
information from the network.
3 The SIP Presentity maintains the presence information for a SIP user.

we implement the OI-HN API (Fig. 1(2)) for installation of
different message services (e.g., MMS, SMS, and IM) on the
UMM platform. The functions of OI-HN API are listed in
Table 1. Using the OI-HN API, we can connect UMM to a
new message service by creating a correspondent connector.

From operator’s point of view, the UMM platform is a
third-party service node connecting the heterogeneous net-
works following the standard protocols. Hence, no modifica-
tion of the existing protocols of message services is required.
Furthermore, it is easy to come out a new Connector (con-
necting the new applications/services to UMM), which can
be done by implement the seven functions of OI-HN API for
the new Connector. The implementation overhead is minor.

2.2 Service mediation part

The Service Mediation Part (Part2, Fig. 1) encapsulates the
messages with different formats into a unified format and
exercises the UFS algorithm (to be elaborated later) to de-
liver the message to the receipt. There are six software com-
ponents in this part: the UMM Server (Fig. 1(3)), Interac-
tive Server (Fig. 1(4)), Media Server (Fig. 1(5)), Capability
Adaptor (Fig. 1(6)), Policy Unit (Fig. 1(7)), and Global In-
formation Manager (Fig. 1(8)). The functionalities of each
component are described below:

UMM Server (Fig. 1(3)) converts different types of mes-
sages to/from the unified messages defined by the unified
XML schema4 [40–42, 44]. The conversion follows eXten-
sible Stylesheet Language Transformation (XSLT) stan-
dard [39,45]. Figure 2 illustrates the structure of a unified
message, which consists of three major parts. The header
part (Fig. 2(1)) contains the message ID (MID), routing
information, and subject, etc. for the message. It also con-
tains information (e.g., preMID, APID, STID, LTID, and
Message Type) for the iMMS mechanism, whose details
will be given in Sections 3 and 4. The description part
(Fig. 2(2)) contains the timing control and synchroniza-
tion information to render the message content on the

4 The XML schema (consisting of elements and attributes) defines the
structure of an XML document.
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Fig. 2 The structure of a
unified message

Fig. 3 Process for streaming
contents

terminal device. For this part, we define a description lan-
guage compatible with other description languages (e.g.,
Multipurpose Internet Mail Extensions (MIME) [11–15]
for the E-mail service, Synchronized Multimedia Integra-
tion Language (SMIL) [43] for MMS, and XHTML Mo-
bile Profile (XHTML MP) [36] for iMMS). A unified
message may have one or more content parts. The con-
tent part (Fig. 2(3)) contains the meta information and the
media objects (which may be text-based or binary-based,
e.g., images and video/audio clips) of the message.

Capability Adaptor (Fig. 1(6)) adapts the description and
content parts of a unified message to the format that
can be displayed on the terminal device. The adapta-
tion consists of two stages. At the first stage, the Ca-
pability Adaptor queries the OMA UAProf5 stored in
the Global Information Manager (to be elaborated later).
Based on the queried results, the Capability Adaptor ad-
justs the content part of the message (including the image
size and video/audio transcoding) and updates the meta-
information. At the second stage, the Capability Adap-
tor adjusts the description part of the message according

5 The OMA UAProf is used to specify the capability of a mobile termi-
nal. For the details of the OMA UAProfile, readers may refer to [34].

to the updated meta-information at the first stage. Note
that the previous work for message adaptation such as [8]
only handles the content part adjustment of a message,
and leaves the description part unchanged. This limits the
message adaptation to only support terminal devices using
the same description language.

Media Server (Fig. 1(5)) stores the streamable contents
(e.g., video or audio files) and plays the files for the
users. As shown in Fig. 3, the Capability Adaptor adjusts
a message (by extracting the streamable contents from
the original message), moves them into the Media Server
(Fig. 3(1)), and then inserts a Session Description Proto-
col (SDP) [16] descriptor into the description part of the
message (Fig. 3(2)). When the terminal device receives
a message with an SDP descriptor, it establishes a Real-
Time Streaming Protocol (RTSP) [30] connection to the
Media Server. The multimedia contents can be delivered
to the terminal device through the RTSP connection.

Interactive Server (Fig. 1(4)) processes the OI-HN requests
from the connectors based on our designed protocol, Uni-
fied Message Interaction Protocol (UMIP), and then for-
wards the requests to the application services through the
OI-AP interface. The details of UMIP will be discussed in
Section 3.
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Table 2 The OI-AP interface

Function name Intended usage

InteractiveServer.AP Dep REQ() to register a application service on the UMM platform
APService.AP Sub IND() to inform the application service about the user’s subscription of an application service
APService.Msg Init IND() to request the templates (of an iMM message) from the application service
APService.Msg Forward IND() to request the application service to derive the message receiver

Global Information Manager (Fig. 1(8)) is a database which
maintains User Profiles (UserProfs) for the subscribers. A
UserProf record consists of three types of information:

� User-Related Information includes user identities, the
presence information, user preference setting, and pri-
vacy control. Each user may have multiple user iden-
tities, one for each type of message service, including
Unified ID (UID; used in the UMM platform to identify
a user), MSISDN (phone number; used in MMS), SIP
address (used in the instant message service), and E-mail
address. The presence information (e.g., on-line or off-
line) indicates whether the user is on the instant message
service or not. The user can set the priority for different
kinds of message services through the preference set-
ting. By setting privacy control, users can specify which
personal information will be released to application ser-
vices.

� Terminal information includes the capability and bat-
tery status of a terminal device. The terminal capabil-
ity (including user interface, communication protocol,
computing capability, maximum size of a message, the
type of streamable message content) is encapsulated in
the form of OMA UAProf.

� Service information pertains to the services the user sub-
scribes to, including authentication and customization
data.

Figure 4(1) shows an example for a UserProf record, where
the user has two kinds of terminal devices, MMS User
Agent (UA) and IM UA.
Note that the UMM platform takes the ENUM-based ap-
proach [10] to manage user’s different accounts. When a
user subscribes to the UMM platform, a UID is assigned to
the user, and all of his contact addresses will be associated

with this UID. The UID will be used to identify the user
in the UMM platform.

Policy Unit (Fig. 1(7)) stores the policies for the UMF al-
gorithm. For each entry in a UserProf record, we assign
a priority to it. The values of the priorities are stored in
the policy. The priority can be either set by users or spec-
ified by application services, whose values are stored in
U-Policy and S-Policy, respectively, as shown in Fig. 4(2).
The UMF algorithm references the Policy Unit to select a
suitable target device for the message receiver. Details of
UMF are given in Section 5.

2.3 Application part

The Application Part (Part3, Fig. 1) contains application
services (Fig. 1(10)) created by the third-party service
providers. These application services can be installed on
the UMM platform through the OI-AP interface (Fig. 1(9)).
Table 2 lists the functions of the OI-AP interface and their
corresponding usages.

3 The unified message interaction protocol

This section describes the UMIP protocol, which consists
of four procedures: user registration, service subscription,
terminal information update, and message forward pro-
cedures. The user registration procedure is for a user to
register on UMM, and get a UID. The service subscription
procedure is for a user to subscribe to an application service
on UMM. The terminal information update procedure
is responsible for updating users’ presence and terminal
capability information. The message forward procedure
deliveries a message through the UMM platform. Due

Fig. 4 An example for the
policy unit and global
information manager
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Fig. 5 The message flow for the
terminal information update
procedure

to the page limitation of this paper, the descriptions for
user registration and service subscription procedures are
omitted. Details of the terminal information update and
message forward procedures are given in the following
subsections.

3.1 The terminal information update procedure

The terminal information update procedure is exercised
whenever a user turns on or turns off the UA of the ter-
minal device. We use a scenario to illustrate the procedure,
where the user turns off an IM UA, UAo, installed on a PDA,
and then turns on an MMS UA, UAn , installed on a mobile
terminal. For other scenarios, the behavior of the procedure
is similar, which is not presented in this paper. Figure 5
illustrates the message flow for the terminal information up-
date procedure that consists of two pahses. The details are
explained below.

Phase I. This phase is executed when the user turns off the
IM UA, UAo.

Step F1. When the user turns off UAo, the UAo detaches
from the Internet following the IETF Presence and In-
stant Messaging protocol [9]. The Presence Server (i.e.,
the SIP Presentity) is informed of UAo’s turn off. The
Presence Server reports this event to the IM Connector
by sending a SIP message, ������.

Step F2. The IM Connector invokes the
���	 
���� ����������� ��	���� ������� func-
tion to request the Interactive Server to update the
UserProf record, where ������ stores the user ID
used in Internet (i.e., SIP address), ��	��� stores the
terminal model number (i.e., a serial number of the

PDA), and ������ carries the presence status (in this
case, ������= off-line).

Step F3. The Interactive Server calls the �����
���

��	��������� ��	���� ������� function of the Global
Information Manager to update the presence status for
the user. The Global Information Manager first finds
out user’s UID according to user’s SIP address, then
it retrieves the UserProf record by using the UID and
updates the presence information field.

Phase II. This phase is executed when the user turns on
the MMS UA, UAn .

Step O1. When the user turns on UAn , the UAn attaches
to the cellular network through Peu interface defined
in 3GPP 23.141 [5]. The Presence Server is informed
of UAn’s turn on. The Presence Server reports this
event to the MMS Connector through the Pw interface
defined in 3GPP 23.141 [5].

Step O2. This step is similar to Step F2, except that the
parameter ������ is set to on-line.

Step O3. Similar to Step F3, the �����
����	���������
��	���� ������� function is invoked to update the
presence information. The Global Information Man-
ager determines whether the capability information
of the device exists in the UserProf record by check-
ing the ��	��� parameter. The result is reported to
the Interactive Server by setting the ���� 	!�"#��

flag. If ���� 	!�"#�� is true (i.e., the capability
information exists), then Step O6 is performed. Oth-
erwise (i.e., ���� 	!�"#�� is false), Steps O4 and
O5 are executed to get the capability information of
the mobile device.

Step O4. The Interactive Server calls the 
���	� �����

function to get the OMA UAProf for the mobile
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Fig. 6 The message flow for the message forward procedure

device. Then the MMS Connector exchanges the
OMA UAPRof with UAn through the MM1 inter-
face [37]. After that, the MMS Connector returns the
OMA UAProf to the Interactive Server by invoking
the ������ ��	
������� function.

Step O5. The Interactive Server invokes the
�������������
������� ������� function to update
the terminal capability field in the UserProf.

Step O6. The Interactive Server ends the procedure by
invoking the ���� ����� ��	
� function.

3.2 The message forward procedure

The message forward procedure processes the delivery of a
unified message. The message receiver may turn on multi-
ple terminal devices. In this procedure, the UMF algorithm
(to be elaborated in Section 5) is executed to select a suit-
able terminal device for the message receiver. To illustrate
the message forward procedure, we consider the scenario
where a message sender uses an IM UA, UAim , to send a
SIP instant message to the message receiver who activates
three types of UAs, including an IM UA, an E-mail UA,
and an MMS UA. For other scenarios, the behavior of this
procedure is similar, and the description is omitted. Figure 6
illustrates the message flow, whose details are described as
follows:

Step M1. The UAim sends an instant message to the
IM connector through the SIP proxy server following
the SIP IM protocol [9]. The IM Connector invokes
the ��� 	��� ���
���� function to deliver the mes-
sage to the UMM Server, where ��� carries the instant
message.

Step M2. The UMM server converts the incoming mes-
sage to a unified message, and then invokes the
��� ������� ���
	����� ����� ����� ���� 	����

function to process the header part of the message, where
	���� stores sender’s SIP address, ���� stores re-
ceiver’s SIP address, ���� stores the application ID, ���
carries the message ID, and 	��� is the ID for the service
template (to be elaborate in Section 4).

Steps M3. The Interactive Server calls the ��������

����
	����� ����� function of Global Information
Manager to retrieve the UserProfs for the message sender
and receiver.

Step M4. The Interactive Server invokes the
��� ������� � �
	����������� ����������� ����

	���� function to request the application service to
derive the UID of the message receiver, where the
application service is determined by the ���� ob-
tained in Step M2. The derivation of the UID is
done by the iMMS mechanism (to be elaborated in
Section 4). The result is returned to the Interactive
Server through the ��� ������� ��	
���������
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Fig. 7 The iMMS framework

function call. The Interactive Server invokes the
����������	
����������������������	 function to
get a UserProf by using the obtained UID, where the
result is carried in ������������	.

Step M5. The Interactive Server calls the ��������������

����
������������	� function to request the Policy Unit
to select a target device for the message receiver. By us-
ing the ������������	, the Policy Unit finds out the
corresponding policies, and then exercises the UMF al-
gorithm. Assume that the MMS UA, UAmms , is selected.
The policy Unit responds the Interactive Server the cor-
responding account (i.e., MSISDN) for UAmms , which is
carried in the �������.

Step M6. The Interactive Server invokes the
��� ������� � 
�������! �������	� func-
tion to inform the UMM Server to change the account
field in the message header as �������.

Step M7. The UMM Server calls the "�������
���! #$!

�������	� function to request the Capability Adaptor to
adapt the description and content parts of the message so
that it can be displayed on the target device.

Step M8. Based on the result (i.e., ����������) obtained
in Step M7, the UMM Server uses the XML-based
unified schema to re-encapsulate the message as an
MMS message, and then instructs the MMS Connector
to deliver the message to the receiver by invoking the
��� ��%�&�� �'
����������� function.

4 The iMMS mechanism

An interactive application service may contain one or more
actions. For each action, there is a series of corresponding
message exchanges. We define a session as the series of
message exchanges for an action. To more efficiently deliver
these messages, we implement the iMMS mechanism on
the application services. The iMMS mechanism is exercised

before the user sends or replies a message. Figure 7 illustrates
the iMMS framework. For an interactive application service,
we define a service template as shown in Fig. 7(1). A service
template consists of Layout Templates (LTs) and Session
Templates (STs). An LT (Fig. 7(2)) provides a predefined
description part. An ST (Fig. 7(3)) predefines the number
of the service trigger points6 (Fig. 7(4)) in a session and
the operations at every trigger point. Figure 8 shows the
message flow for iMMS, where a user uses the MMS UA,
UAmms , to get a service template from an application service.
The details are given below.

Step I1. The UAmms sends an iMMS initialization request to
the MMS Connector.

Step I2. Upon receipt of the iMM initialization message, the
MMS Connector invokes the
��� ���� �'
������! ����! ������� function to forward
the request to the Interactive Server, where ������ carries
the MID for the previous message.

Step I3. The Interactive Server calls the ��������

���	
������� function of Global Information Manager
to get the UserProf of the user. Then it invokes the
��� ���� �(�
�������	! ������� function of the applica-
tion service to select a service template (containing STs
and LTs) for the message.

Step I4. According to the �������	 and ������, the applica-
tion service generates a list containing a new MID, STs,
and LTs, and then returns the list to the UAmms by execut-
ing the ��� ���� � 
���!  $)�����! #$)������ function
of the MMS Connector.

After getting the service template, the user can select one
ST and LT in the service template and then creates a
message.

6 The service trigger point specifies the necessary operations (e.g., to
invite a user to join the message communication) that should be done
at a particular session stage.
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Fig. 8 The message flow for the
iMM mechanism

5 The UMF algorithm

The UMF algorithm is performed by the Policy Unit to
select a target device for the message receiver. The val-
ues of all five fields (including ��������, ��		��
 �	�	��,
������ �����	���, �������	�, and ������� �	� as shown in
Fig. 4 (1)) of terminal capability information in a UserProf
record are referenced. The inputs of the UMF algorithm in-
clude a deviceList (containing the names of the terminal de-
vices the user has), UserProf record, U-Policy, and S-Policy
for the user. Figure 9 illustrates the flow chart for the algo-
rithm, whose description is given below:

In Steps 1 and 2, the UMF gets the inputs and sets the
counter i to 1. This counter is used for a “for” loop. In
Step 3, the UMF queries the ���� ���������� field in the
UserProf to determine whether the S-Policy or U-Policy will
be referenced for the priorities of the five fields of terminal
capability. In Step 4, UMF sorts the names of the five fields
according to the priority values (obtained in Step 3) and
generates a set S = {F1, F2, F3, F4, F5} where Fi is the field
name. In Step 5, for each device, D j , in the deviceList, UMF
retrieves its value corresponding to Fi , which is denoted as
vi, j . Step 6 checks the name of Fi . Then one of the following
five cases will be executed:

��������. Step 7 excludes the device that has the value
vi, j = off-line.

��		��
 �	�	��. Step 8 excludes the device that has the value
vi, j = BATTERY CRITICAL.

������� �	�. Step 9 selects a device that has the minimum
billing rate stored in vi, j . Two kinds of rates are considered,
that is, BRateN (i.e., billing rate in the barrier network) and
BRateS (i.e., billing rate of the application service). Step
10 excludes the unselected devices from the deviceList.

������ �����	���. Step 11 selects a device that has the max-
imum screen resolution, Pixelx× Pixely . Step 12 excludes
the unselected devices from the deviceList.

�������	�. Step 13 selects a device that has the maximum
transmission rate, i.e., DRate. Step 14 excludes the unse-
lected devices from the deviceList.

In Step 15, we set i ← i + 1 for the next loop. Step 16
checks whether there is only one device in the deviceList.
If so, Step 18 returns the device as the target device, and
UMF ends. Otherwise (i.e., more than one device in the de-
viceList), UMF runs the next loop. Step 17 checks whether
the five fields have been checked. If so, all devices in the
deviceList are returned, and UMF ends. Note that BAT-
TERY CRITICAL, DRate, and BRate are defined in OSA
MExE QoS API [2].

6 Performance evaluation

The signal of UMM is delivered through the message ser-
vices in the heterogeneous networks. The delay of the mes-
sage processing in the heterogeneous networks may affect
the signal delivery for the terminal information update pro-
cedure. The Global Information Manager may provide obso-
lete information during the transition of the update of users’
presence and terminal capability information. Consider that
a user u changes from the message service, MA, to the mes-
sage service, MB . User u turns off the UA of MA (by execut-
ing Phase I of the terminal information update procedure),
and then turns on the UA of MB (by executing Phase II of
the terminal information update procedure) as described in
Section 3. Let T be the period when Phases I and II are exe-
cuted. During T , since the Global Information Manager has
not been updated, any message termination to u can not be
delivered to u instantly.

It is important to see how the delay of the message process-
ing in the heterogeneous networks affects transmission of
message terminations to u. Suppose that the message termi-
nations to a message service for u form a Possion distribution
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Fig. 9 The flow chart for the UMF algorithm

with rate λ, and T is a random variable with a Gamma den-
sity function f (t) with mean 1/μ, standard deviation σ , and
Laplace transform f ∗(s) where

f ∗(s) =
(

μ

μ + μ2σ 2s

)1/(μσ )2

. (1)

Note that our derivation applies to any message delay dis-
tribution whose Laplace transform has closed forms. The
Gamma distribution is selected to present the message pro-
cessing delay distribution because it can be used to approx-

imate many distributions as well as the measured data ob-
tained from the PCS fields [19–24].

Let random number K be the number of u’s message ter-
minations to a message service during period T . From [20],
the probability that K = k during period T = t can be ex-
pressed as

Pr[K = k | T = t] = (λt)k

k!
e−λt .

Then, the probability Pr[K = k] (that k message terminations
to a message service for u during period T ) can be obtained
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as follows.

Pr[K = k]

=
∫ ∞

t=0
Pr[K = k | T = t] f (t)dt

=
(

λk

k!

) ∫ ∞

t=0
t k f (t)e−λt dt

=
(

λk

k!

) [
(−1)k dk

dsk
f ∗(s)

]∣∣∣∣
s=λ

=
(

λk

k!

) [
(−1)k dk

dsk

(
μ

μ + μ2σ 2s

)1/(μσ )2]∣∣∣∣∣
s=λ

=
( 1

(μσ )2 + k − 1

k

)(
μ

μ+ μ2σ 2s

)1/(μσ )2(
μ2σ 2λ

μ + μ2σ 2λ

)k

=
( 1

(μσ )2 + k − 1

k

)
(1 − x)1/(μσ )2

xk (2)

where

x = μ2σ 2λ

μ + μ2σ 2λ
.

Suppose that u subscribes N message services. We use the
term “delayed message” to represent the message termina-
tion that has been delayed due to the message processing in
the heterogeneous networks. Let Pr[M = k] be the probabil-
ity that u has k delayed messages. Thus, we have

Pr[M = 0] = (Pr[K = 0])N , (3)

Pr[M = 1] =
(

N

1

)
Pr[K = 1] (Pr[K = 0])N−1 , (4)

Pr[M = 2] =
(

N

2

)
(Pr[K = 1])2 (Pr[K = 0])N−2

+
(

N

1

)
Pr[K = 2] (Pr[K = 0])N−1 , (5)

Fig. 10 Effects of λ∗, N and σ

on Pr[M]
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and

Pr[M ≥ 3] = 1 −
2∑

i=0

Pr[M = i]. (6)

Because the message termination traffic to a message service
for u is a Poisson with rate λ, the net message termination
traffic to u is λ∗ = Nλ.

In the following, we study the effects of the net message
termination rate λ∗, the standard deviation ρ of message pro-
cessing delay, and the number N of message services on the
Pr[M] performance, where λ∗ and ρ are normalized by μ.
Suppose that there is one message termination per hour to
u. We consider two scenarios: In the first scenario, u turns
off an MMS UA (where the average messaging processing
time is 40 seconds) and then turns on an IM UA (where
the average message processing time is 5 seconds). The av-
erage total message processing time is 45 seconds. We set
λ∗ = 0.0125μ. In the second scenario, u turns off an IM
UA and then turns on an E-mail UA (where the messaging
processing time is 10 seconds). The average total message
processing time is 15 seconds. We set λ∗ = 0.0042μ. For
other scenarios, we observe similar results, which are not
shown in this paper. Using (3)–(6), the following phenom-
ena are observed:

Effects of λ∗. Figure 10 plots Pr[M = k] (where k ≥ 0) as a
function of N , where λ∗ = 0.0125μ and λ∗ = 0.0042μ.
For all cases, Pr[M = 0] > 98.5% for λ∗ = 0.0125μ (see
solid lines), and Pr[M = 0] > 99.5% for λ∗ = 0.0042μ

(see dashed lines). In other words, in Scenario 2 (i.e.,
λ∗ = 0.0042μ), the delayed message probability can be
ignored. In Scenario 1 (i.e., λ∗ = 0.0125μ), the delayed
message probability is reasonably small, which is less than
1.5%. Pr[M = 2] and Pr[M ≥ 3] are in the order of 10−5

and 10−4, respectively. Thus the probability for multiple
delayed termination messages can be ignored in all cases.

Effects of N . Figure 10 also shows that Pr[M = 0] decreases
as N increases. This phenomenon can be explained by us-
ing the stochastic phenomenon [18]. With a fixed net ar-
rival rate, if there are more arrival sources (i.e., more mes-
sage services), it is more likely to observe arrivals during
a fixed period. Thus, more message services the user sub-
scribes will degrade the performance. However, this effect
is not significant. For example, when N = 5, by adding
one more message service, Pr[M = 0] is degraded by
0.2% (for λ∗ = 0.0125μ) and 0.02% (for λ∗ = 0.0042μ).
To summarize, the performance degradation due to adding
extra message services can be ignored.

Effects of σ . The standard deviation σ of message processing
delay determines the probability of observing long or short
message processing times. When σ > 1/μ, more long or
short message processing periods are observed, which im-
plies larger Pr[M = 0], Pr[M = 2], and Pr[M ≥ 3]. This

analysis is consistent with our observation in Fig. 10. As σ

is larger than 1/μ, Pr[M = 0], Pr[M = 2], and Pr[M ≥ 3]
increase, and Pr[M = 1] decreases. Since Pr[M = 2] and
Pr[M ≥ 3] are very small in all cases, the effect of σ can
be ignored under the normal operational conditions.

7 Conclusion

We designed a Ubiquitous and Unified Multimedia Messag-
ing (UMM) platform to integrate different message services.
The UMM platform adopts a gateway-based approach. Our
design does not modify the protocols of the message services
and need not involve the network operator. The UMM plat-
form accommodates the UMF algorithm and iMMS mech-
anism to select a suitable message service for the message
receiver and to efficiently deliver messages between the ap-
plications and the end users, respectively.

In our design, it is important to investigate if the pro-
cessing delay (in the heterogeneous networks) for UMM
signaling will cause delay to message termination delivery.
We used an analytical model to investigate the performance
of the designed platform. Our study indicated the following.
For most of use scenarios, the probability for the delayed
messages can be ignored (less than 1.5%) in our study. We
may ignore the performance degradation due to adding extra
message services (the degradation is less than 0.2% in our
study). The effects of standard deviation σ of the message
processing delays can be ignored in our designed platform.

The current implementation of the UMM platform con-
centrates on provision of the UM concept and is a proto-
type. The UMM platform provides the privacy control setting
(which is stored in the UserProf) for each user to prevent re-
veal of the sensitive information to the application services.
Each connector of UMM implements a timeout monitor for
failure message delivery. To deploy UMM as a public system,
there may be more security, robustness, and failure-recovery
issues that should be addressed, which will be considered as
our future work.
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