A System for the Seamless Integration of Personal Messages using
Agents Developed on a Lotus Notes Platform.

Ramiro Liscano Roger Impey Paul Gordon Suhayya Abu-Hakima

Abstract

We introduce a seamless messaging system for the
management of personal messages. The am of it is
to intercept, filter, interpret, and deliver multi-modal

messages (voice, fax, and/or e-mal messages).

Messages are delivered to the recipient regardiess of

their target messaging device. Seamless messaging

involves finding the person (if urgent) and delivering
the information to them on their celular phone,

pager, laptop, nearest fax, telephone, or workstation.

The system includes a set of persona agents that

classify and act on incoming messages based on their

content. The user specifies the classes and actions to

the agent as a set of high-leve rules. This allows the
user to specify rules that are independent of the
messaging system and target devices. A personal

agent “Secretary” is responsible for mediating

between the different messaging environments, the

target devices, and other interacting applications
(e.g., calendars, e-mail programs, €etc.).

The design of this Seamless Messaging System is
based on the integration of three technologies,
ubiquitous computing, information filtering, and

telematics. The system has been implemented on a
Lotus Notes platform. What makes the system

unique is its approach to treating a message in a
universal manner, its ability to mediate between

different messaging devices, and its ability to try to
determine the availability of the user.

1. Introduction

In 1991, Mark Weiser [1] published an aricle that
defined a vison of the next generation of
computation. He referred to this model as Ubiquitous
Computing. As described by Weiser, Ubiquitous
Computing can be characterized by two man
atributes;, ubiquity and transparency. Ubiquity is
achieved when interactions are not channeled through
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asingle workstation, therefore access to information
is "everywhere." For example, a person should be
able to access or receive notification of personal
messages from any device available to them (i.e.
cdlular phones, pagers, laptops, fax machines,
telephones, or workstations). In this environment
wireless networks will be essential in supporting
mobile and remote access. Transparency is the
attribute that reflects how well the technology is
integrated into the general ecology of the home or
work environment. This domain of human device
interfacing shall not be addressed in this article. The
devices sdlected for seamless messaging coincide
with those that are prevelent in business transactions,
telephones, fax machines, and workstations.

In 1994, the Ontario Telepresence Project [2] came to
an end and one result of this research was a new
model for telematics [3] which addressed the
problems of human to human and human to
computer interaction by dividing the context of
interaction into those that occur in the foreground and
those that occur in the background. Foreground
human-human and human-computer interactions
require high bandwidth and have been exploited by
the use of telephones and graphical user interfaces.
Contrary to this, human-human and human-computer
interactions in the background are low bandwidth
persistent operations that have not been investigated
very much. In particular the use of the computer to
monitor its environment and act as aproxy to the
human has not been exploited. This is due primarily
to absence of input sensors interfacing with the
computer and the difficulties associated with
interpreting any resultant sensory data. The area of
telematics is key to the addition of enhanced
intelligence and  background computing. Adding
telematics to current computing environments will
likely help the user in the management of higher
interactions with other people.

Today’s intense communication environments
require users to interact across heterogeneous
networks and applications. As these communication
barriers across networks come down the amount of
information readily available increases dramaticaly
and it becomes necessary to filter that information.
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This paper addresses the problems associated with
the management of personal messages across
heterogeneous networks. This field of study we cal
“Seamless Messaging” (SM) primarily involves the
integration of the following key technologies,
ubiquitous computing, information filtering, and
telematics. Most systems [4,5] that use the term
“Seamless Messaging” primarily addresses the
integration of incoming messages from different
communication sources and the accessibility of these
messages across heterogeneous networks. They
combine very smple message filtering and little
telematics into their systems.

Seamless Messaging permits the creation, encoding,

filtering, and delivery of messages across
heterogeneous networks. The SM paradigm alows
the recipient of the message be located if necessary
and the message tailored to the recipient’s active
target device. SM allows users to work in distributed
personal workspaces and have messages created and
delivered how, when, where, and if they wish them
to be. To manage the large number of messages sent
to a user, it is also necessary to filter through the
messages to reduce the user’s workload. In short,
its purpose is to provide a dynamic multi-modal
receipt, management and delivery system for auser’s

messages.
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Figure 1. System Architecture
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2. Modeling Seamless M essaging

In developing the architecture for the messaging
system, there are three man considerations:
modularity, facility of modification and generality of
the processes.

The modularity of each of the system’s components
facilitates their development because it helps isolate
problems and more easily allows task specidization
(while minimizing concerns). In terms of usage, it is
best for the system to be modular so that process
inter-dependency and single-instance  problems
would be more easily handled. This modularity also
provides the flexibility to change the sem
architecture  without
components. This is essential because the addition
of new components allows the system to be more
comprehensive.

The generdity of the central processes is also
essential because of the multiple formats of message
input and output that are to be supported. Since this
integration of multiple media is a key feature of the
system, generality of the processes was emphasized.
Figure 1 shows the structure of the SM system and
the flow of information between the processes of the
system. Notice the symmetry between input and
output: the former is of many types and must be
viewed the same way, the latter is of one type, but
viewable many ways.

2.1 System Modules

The system modules or processes can be divided into
4 groups of processes: the “Message Watcher”, the
“Personal Agents’, the “Device Manager”, and the
“Service Processes’.

2.1.1 Message Watcher

The “Message Watche” was designed as a
monitoring process that waits for incoming messages
and formats these messages into a unified
representation for the system to process. It isthe first
process and is triggered by an incoming message.

2.1.2 Personal Agents

A Personal Agent is a software process designed to
act on behaf of the user by performing a particular
task. This is a rather open definition and can
encompass a large variety of different types of
processes. All persona agents share one common
design criteria; they are designed to perform a
particular well defined task based on a set of
congtraints specified by the user and must be
customizable by the user a run time. They dleviate
the need for the user to perform particular tasks by
performing these tasks themselves. This particular
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reworking  al of the

system contains three personal agents. a “ Classifier”,
an “Action Definer”, and a* Secretary” agent.

2.1.2.1 Classfier Agent

The “Classifier” agent’s role is to look through an
incoming message and classify the messageinto a set
of classes as defined by the user. The user can define
any number and any type of classes for a message
along with a set of rules that helps determine if the
message fits the defined class type. These rules take
on an appearance similar to the following rules,

DEFINE class name AS
((attribute [operator] vaue)
OR (attribute [operator] value).....

AND ((attribute [operator] value)
OR (attribute [ operator] value)...)

AND ((attribute [operator] value)
OR (attribute [operator] value)...)

In this example, the class name will be associated
with the messages that evauate the expression after
the keyword AS to TRUE. This expression is
composed of anumber of (attribute [operator] value)
sets connected by Boolean operators. The currently
available attributes are sender, recipients, number of
recipients, date received, number of lines, subject,
message body, and other definedclasses. The
operators available are =, =, <=, >=, <, >,
Obvioudly not al are applicable to all fields, and the
operator meaning can differ. For example, “number
of recipients = 2" means an equality, whereas “body
= ‘thisisan example’” means “body contains ‘thisis

an example'”.

2.1.2.2 Action Definer Agent

The “Action Define” agent’s role is to take a
classified message and attach to that message an
action to be performed on the message. Specification
of the type of action to be performed to the message
issimilar to that done for the classifier agenti.e. as a
set of rules that map classes of messages to actions.
A typical example of arule has the following form,

IF class_ name ACTION (action_1, action 2,
..., action_n).

Which specifies that if a message has been
classified as class name perform actions (action_1,
action_2, ..., action_n).

Actions are dightly more complicated than classes
and are divided into 2 types. ssimple and compound
actions. Simple actions are actions that can be
resolved directly by the “Device Manager” and
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Figure 2. Hierarchical time-management scheduler

require little or no interpretation. These actions can
be serviced directly by the “Device Manager”, see
section 2.1.3. Compound actions are not as device
specific as smple actions and require more
interpretation and therefore are processed by the
“Secretary” before being serviced by the “Device
Manager”. Examples of these two types of actions
are the following, “phone_me ‘555-1234'" is a
typicad smple action, while “contact me’ is a
compound action requiring further interpretation.
These more abstract compound actions are open to
interpretation and depend on the particular process
and the situation of the user or available inputs.

2.1.2.3 Secretary Agent

The “Secretary” agent’s role is to maintain the State
of the SM system and act upon any of the actions
attached to amessage. The secretary must first decide
the type of action the message has, is it asmple or a
compound action. If it is a smple action then it can
be passed directly to the “Device Manager” so it can
process the message. In case of failures it is the
“Secretary’s’ role to try an aternative or report a
failure. The “Secretary” agent maintains a log of the
transactions on the messages. If the message has the
more complex compound action then the “ Secretary”
may have to spawn a helper agent to interpret the
action. An example of a helper agent is the “People
Finder” agent shown in Figure 1, which is used to
resolve the contact me compound action.

2.1.2.4 People Finder Agent

The “People Finder” agent uses whatever resources
are a its disposal to determine where the user may
be. At the moment ituses a unique hierarchical
scheduling structure to determine the availability of
the user. The scheduling conceptuses a 3 tier
hierarchical scheduler that represents 3 abstractions
of time management. Commencing from a default
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description of a user’s day (9-5 Workday), to amore
refined blocked-off scheduled events ( 10-12 talk, 2-
4 meeting), to finally a set of temporary changes
which reflect the instant picture of where the user is
located (11-12:30 John's Office). The more detailed
temporary changes take precedence over the user’s
scheduled events which in turn take precedence over
the default day. This idea is what is shown in the
Top View of the hierarchica scheduler shown in
Figure 2.

2.1.3 Device Manager

The “Device Manager” dtempts to ddiver the
message using the appropriate device. It does this by
invoking the device driver and passing it the required
information. The device driver may need to massage
the body of the message into an appropriate format
for the physical device. For example, if the message
is text only and the target device isonly able to
handle audio, (i.e. atelephone), some text to speech
converson must be carried out. If the device is
limited in the amount of text it can handle, (i.e. a
pager device), the device driver must select the
limited data to transmit. Many other restrictions and
limitations may exist, which the device driver must
find a means to ded with in a way that hides the
details from the other processes, (i.e. the user is only
concerned with generic device names like telephones,
faxes, pagers, etc, and not with any particular details
of formatting the message for the  devices
themselves). In this manner the persona agents in
the system use a standard message format which may
or may not conform to the target device's format. If
the device driver is unsuccessful in delivering a
message, an error message is returned to the “Device
Manager”, who must decide if the error should be
forwarded to the “Secretary” agent or it can be



resolved by the “Device Manager”. For example, if
the “Device Manager” has been unsuccessful in the
delivery of a message, the “Secretary” agent may be
able to re-examine the message and its associated
information to determine some additional course of
action.

2.2 Workflow

The “Message Ring” is used to symbolize the fact
that the processes communicate with each other by
placing inter-process message blocks into acommon
areathat the other processes have accessto. Message
blocks contain an identification tag which triggers the
appropriate recipient process to take the message out
of the common area and interpret it. The system is
easlly extendable by defining anew process and the
type of messages the process should respond to.
Although conceptually any process can communicate
with another process on the messagering, in redity
the workflow is predetermined.

The system is triggered by some message arriving
and this message can be any one of severa types,
(e.g., Email, FAX, Voice mail, etc). Theinitiation of
the workflow is performed by the “Message
Watcher” process which formats an input message
with the required header information and places a
message block on the “Message Ring” together with
the identification tag that will indicate the next
operation to be peformed on the message.
Normally, the identification tag will trigger the
“Classifier” agent to read the message block, and
using the header information, retrieve the required
information about the message. The *“Classfie”
agent formats a new message block which it places
on the Message Ring indicating the message has been
successfully classified. The next step istaken by the
“Action Define” which defines the action to be
performed based on the class of the message. Again,
a new message block is created by the “Action
Define” and placed on thering. This time the
“Secretary” agent is triggered whose role is to
interpret and log any of the actions attached to a
message. There will be some situations where the
“Secretary” may not have sufficient information to
process the message, for example when the message
isof an urgent type and the user must be located. In
this case additional helper agents, like the “People
Finder” in Figure 1, may be required to help find the
user. Once the “ Secretary” determines what device is
to handle the message a message block is created and
placed on the “Message Ring” to trigger the “Device
Manager” to determines how to usethe device to
contact the user.
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3. Implementation

The SM system was implemented in a Lotus Notes
3.x (LN) environment [6]. LN was seen to contain

many native features

that would facilitate a messaging system devel opment
- good data management across computers and

networks, a setup geared towards workflow,

multiple format data handling, and ease of database
development. At a very early stage in the system's
development cycle it was determined that reliance on

internal LN processing, i.e. macros and formulas,

would restrict the system's key chracteristics of
modularity and fast moving workflow. There were
many constraints on the functionality of LN macros
that made it difficult to access and share information

in a redlistic amount of time. For this reason the
processes discussed in section 2 have been

implemented as LN Server Tasks that use the “C”

language API to access Notes databases.

3.1 Lotus Notes Databases

A set of Lotus Notes databases were developed to
fecilitate the sharing of information among the
processes as well as being the conduit for specifying
the user’ s desires to the Personal Agents. Figure 3 is
representative of how the processes interact with the
LN databases. The direction of the arrows signify the
flow of data among the databases and the processes.

3.1.1 Message Box

The Message Box database contains the messages
that the user has received. At the time of writing this
paper only e-mail messages are contained within it.
Currently it is the standard notes mail database, but
the intention is to use a custom mail database that
inherits from the standard mail database with the
addition of new fieldsthat will improve the systems
performance (e.g keywords associated with the
message that can be used for a quick keyword-based
classification).

3.1.2 Class Definitions

The “Class Definitions’ databaseis used by the user
to specify a set of classification rules, similar to those
described in section 2.1.2.1, that persondize the
“Classifier” to the the user’s needs. The following
set of rules represent some typical class definitions of
“Messages from Home”, List Messages’, “Tdk
Announcements’, and “Urgent” classification.
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Figure 3. Processes and the Lotus Notes Databases.

DEFINE Messages from Home AS ( FROM
= Mary Smith)
DEFINE List MessagesAS(TO >5)
DEFINE Talk Announcements AS (
KEYPHRASE = seminar )
OR ( KEYPHRASE = announcing )
OR (KEYPHRASE =tdk)
DEFINE Urgent AS (Subject = Urgent )
OR ( CLASS = Messages from
Home)

In these examplesany message that contains “Mary
Smith” in the “From” field will be classfied as
“Messages from Home”, “List Messages’ are those
thata have 6 or more recipients, “Tak
Announcements’ are those messages that contain any
of the following phrases “seminar”, “announcing’,
or “talk”, and “Urgent” messages contain the phrase
“Urgent” in the subject or are messages already
classified as “Messages from Home”. It isimportant
to point out that all messages, regardless of their
source, have a standard appearance to them so that a
the classification operation no difference is made
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between whether Mary Smith's message was a
telephone call, voice mail, e-mail, or fax.

3.1.3 Action Definitions

The“Action Definitions’ database is used to specify
a sat of mappings from classification names to
actions and are a set of rules, smilar to those
described in section 2.1.2.2. Some typica types of
actionrules are,

IF Urgent ACTION ( contact me)

IF List Messages ACTION ( file
“listmsgs.mail” )

IF Talk Announce ACTION ( notify me)

These examples show the use of the 2 types of
actions available, ssimple and compound actions. The
actions “contact me’ and “notify me’ are compound
actions which cannot be resolved directly by the
“Device Manager” and therefore require to be
serviced by the “Secretary”. The action “file” is a
simple action which is easily resolved by the device
driver “Filing”.



3.1.4 User Schedule/Profile

The “User Schedule/Profile’” is a caendaring
database used by the “People Finder” agent to
determine where the availability of theuser and the
devices that may be used to access that person. The
“User Schedule/Profile” database alows the user to
record their scheduled events and default day time
alocations. It dso maintains the temporary changes
to the scheduler but the interface to these is through
the process “Change Logger” which is a PhoneNotes
application that services incoming telephone calls.
This is done using straight forward keypad input,
prompted by arecorded voice.

Time dotsin the schedule have specific device and
access key combination information in them, or an
availability. Such availabilities are user shorthands,
so that if one specifies frequently to use atelephone
with access 555-1234, one  might create an
availability caled “At Home” which maps to that.

The following are examples of availability
shorthands,

At Home telephone 555-1234

At Office fax 555-4321

Busy file mailmsgs.mail

Notice that these shorthand mappings are redly
mappings to smple actions that the device drivers
can interpret.

3.1.5 Device Registry

Similar to the compound action specification
in section 3.1.4 simple actions and their associated
device drivers are specified in the “ Device Registry”
database in the following manner,

file filedrv.exe
telephone phonedrv.exe
page pagedrv.exe

The “Devices Registry” database is used by the
“Device Manager” in section 2.1.3 to specify the
mapping between simple actions and device drivers.

3.1.6 User Registry

The "User Registry" database serves two main
purposes. Firstly, it is used to determine the
messaging status of the user (i.e. on, classify only,
off). Secondly, it acts as a reference point for the
modules, containing the data of where to find the
user's persona information (e.g. Classification
Rules). Because of these two functions, it is an
essential database for the system, tracking the user's
status and alowing the personaization of the
generalized processing modules.

3.1.7 Log File
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The “Log File" isaway to maintain records of the
system’'s state and history on the  incoming
messages. Notice that the “ Secretary” maintains this
“Log File’ implying that the “Secretary” must in
some manner be an overseer of the performance of
the system.

3.2 Workflow in Lotus Notes

Section 2.1 aready described in general the flow of
information in the system. In this section we will
give an overview of how this was implemented using
the LN environment. As mentioned previoudly, it
was necessary to develop the system by writing
external processes acessing the Notes databases
through the "C" API. The "MessageRing"
described earlier was implemented as a LN "Server
Queue" used by the processes running on the console
as server tasks. The communication between the
tasks is depicted in Figure 4.

Thetext items outlined in dark in the Event Queue
are the tags on the message blocks. Each of the
server tasks creates message blocks with a particular
tag. When the message block is placed on the server
queue by its creator, the task that processes message
blocks with that particular tag will pick up that
message block and process it. For example, the
"Classfier” triggers off the events tagged "NEW"
which are placed on the queue by the "Message
Watcher". The flow of information follows a
clockwise pattern in Figure 4 dstarting from a
“Message Input”, to the “Message Watcher”,
“Classifier”, “Action Definer”, “ Secretary”, “Device
Manager” and finally out through a*“Device Driver”.

4. Discussion and Future Work

We have described a system for the management of
persona messages of multiple mode formats, that is,
voice, fax or emal messages. A subset of this
system has been implemented using Lotus Notes as
the underlying development system.

L otus Notes offered the following benefits:

1) proved to be a stable and flexible platform when
running on the OS2 “Warp” operating
system,

2) took care of database access from multiple
processes and running the various server
tasks and agentsin atimely manner,

3) provided many of the network and
communications needs of the system; for
example, delivery of e-mail, fax and pager
gateways.



Using COmmercid off The Shelf components
(COTS) reduced the time needed to develop the
system, and, more importantly, greatly increased it
reliability and functionally. For example,
PhoneNotes made the interface between the
Messaging system and the telephonevery straight
forward.

The system, as currently implemented, will enable
us to investigate how the system can be used by a
group of co-workers. The first such group will be
the Seamless Personal Information Networking
(SPIN) & NRC. We fed it is important to use the
system on a daly basis in order to evauate its
strength and weaknesses. The Personal Agents are
evolving as the system is used in our daly work.
Learning how to manage the Class and Action rule

Message
Watcher

databases will require some time. The Classifier and
associated filter process will need to be improved and
adapted as we learn more about how we ourselves
manage our messages. The current implementation
uses a deterministic regular expression procedure
written in PERL [7]. We are actively working on a
new implementation of the filter process, one which
uses machine learning. This easy replacement of the
various modular processes and tasks is one of the
major advantage of the architecture we have adopted.

A significant amount of work remains to be done.
Thisversion of the system is a prototype that allows
us to experiment further either with the modules of
the system or the design of the system itself. The
system as currently implemented is geared towards
asynchronous interactions, we have started work on

Action
Definer

Message Input

Notes Server Event Queue

CLASSIFIED

Message Output
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extending the system to handle synchronous types of
communications. The most important type is
interactive voice, that is, telephone calls. We hope to
fully integrate interactive telephone handling into the
system next. This will include voice mail. We aso
hope to experiment with delivery of both interactive
voice and voice mail to a multi-media equipped
workstation. The will involve drwarding voice
objects in the appropriate format to the workstation in
the case of voice mal, and, somewhat more
difficult, interfacing speech right to the desktop via a
Computer Telephony Integration (CTI) application.
We aso hope to carry out work in the area of
background monitoring for telematics. Background
monitoring involves using various sensors, for
example, motion detectors or video cameras, to gain
information about the user environment, which can
be used by the “People Finder[8].
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