AGENTS IN P ERSONAL M OBILITY

                                                                                           STEFANO CAMP ADELLO AND KIMMO RAATIKAINEN

        University of Helsinki, Department of Computer Science P.O. Box 26 (Teollisuuskatu 23), FIN-

00014 UNIVERSITY OF HELSINKI, Finland

                                                                                E-mail: {Stefano.Campadello, Kimmo.Raatikainen}.cs.Helsinki.FI

                         Personal mobility features, that is the ability of a user to access his or her personalized

                         telecommunication services at any terminal, are of great importance to answer to the challenge of

                         providing computing and communication services anywhere and anytime in the disconnected

                         world. Agent technology is a new and emerging software solution that can improve the design and

                         implementation of systems supporting nomadic users. We present a framework for using mobile

                         and intelligent agents to implement personal mobility features. Our prototype implementation

                         clearly demonstrates advantages of agent-based solutions when compared to IN-based and to DPE-

                         based implementations.

1  Introduction

T he spread of mobile co mputers and the evolution of wireless networks boosted the

develop ment o f applications for no madic co mp uting [11]. Business users of today

demand

                                            -
                                                    and ho me users of tomorro w will demand

-
that they can co ntinue their usual

way of using co mputing and co mmunication services wherever and whenever in an easy

way. Co mp uter manufactures have answered to this request with laptop computers more

po werful and more co mfortable to bring along. Mobile phone manufactures produced

cellular phones with PCMCI A cards so that laptops and palmtops can exploit

connectivity provided by mobile phones.

                         T he ability to use a personal co mp uter and world -wide connectivity while traveling

around the world is called as no madic co mputing, T he concepts of personal mobility

and ter minal mobility were introduced to clarify the different needs that should be

addressed in order to meet the challenge of no madic co mp uting. I n the same time agent

technolo gy has gained attention both amo ng software houses and amo ng research

groups. Several agent platforms enabling use of agent technology are no w available.

Agents have also been a popular topic among no w publisher s that have published a pile

of books on the topic [6].

                         Ho wever, agent technology is not yet mature enough for world wide exploitatio n in
teleco mmunicatio n applications. T here are still problems in designing software systems
that integrate the concepts and functionality of perso nal mobility, ter minal mobility, and
agent technology. Moreover, there are no standard design widely accepted but several
international forums, including FIPA [5], OMG [12], TINA Consortium [14], are
requesting proposal to resolve the issues. T he resolution may be available too late since
ever y co mmercial system will have an architecture of its o wn that, in turn, makes the
interoperability at least cumberso me if not impossible.

In this paper we present a way of using mobile and intelligent agents to imp lement
personal mobility features in an easy way. T he proposed way leaves space to custo m
implementations but gives guidelines so that the main concepts are inherently portable
to different usage scenarios.

                         T he rest of the paper is organized as follo ws. After a brief over view of related wor k
we introduce the basic co ncepts and definitions in Sectio n 2. In Sections 3 and 4 usage
scenarios for teleco mmunicatio ns and kiosk are presented. In Section 5 we concentrate
on the issues related to service invitation, that is locating the User’s current ter minal and
notifying the User who (or which service) wants to contact. Finally, in Section 6 we
state our conclusio ns and discuss further refinements.

1.1  Related Work

Basic features of personal mobility are specified b y IT U-T  in Reco mmendatio n F.851

[8]. Some of the features are alread y provided to custo mers by teleco m operators. T hese
implementations are based on the Intelligent Network (IN) [9] that has several
limitations in flexibility of service provisioning and custo mization. Personal mobility
features will also be a crucial part of the 3rd generation mobile system kno wn as IMT -

2000 [7].

                         Alter native approaches to personal mobility have been searched in T INA context

[2,3]. T he EC/ACT S project DOLMEN enhanced T INA to support both personal and
ter minal mobility [15,17,4]. T heir prototype implementatio n, which was based on

CORB A platfor ms as a substitute to the T INA DPE, sho wed merits of DPE-based
solutio ns over IN-based solutio ns. Ho wever, DPE-based solutions have so me major
limitations in ser vice custo mization.

Currently, there are several EC/ACT S projects in the CLIMAT E [1] cluster that
examines feasibility and exploitability o f agents in vario us areas of teleco mmunications.

T he MONT AGE project has done so me initial studies to introduce mobile and

intelligent agents to handle personal mobility in the T INA framework [10].

2  Basic Concepts and Definitions

2.1  Personal and Terminal Mobility

 T he distinction between personal and ter minal mobility was introduced in the Universal

Personal T elecommunication (UPT ) [18]. Figure 1  depicts the different concepts.

Line

Ide nti fic ation

Termina l

Ide nti fic ation

U ser

Ide nti fic ation

Fi xed

Networks

Mobi le

Networks

Fi xed  a nd

Mobi le

Networks

Relat ionship

Relat ionship

Relat ionship

Relat ionship

Relat ionship

Fi xed

Dyna mic

Dyna mic

Fi xed

Fi xed

Fi xed

Dyna mic

No

Mobi lity

Te rmi nal

Mobi lity

Pe rso nal

Mobi lity

Figure 1 :  Different degrees of mobility

In fixed teleco mmunication networks the user is always associated with his o wn
ter minal, and the ter minal is per manently tied to the net wor k.

Terminal mo bility  is defined as the possibility to move the ter minal while keeping the
service active. It allo ws the user s to travel with their ter minals. T hey do not need to
ter minate the service, then to mo ve and finally to restart the ser vice.

In Personal M obility  the users are not tied to their ter minals. T hey can mo ve because
either the services are tied to terminals. T he users can travel, find suitable ter minals
wherever they are and start services. So metimes personal mobility includes also
ter minal mobility.

We can think to a mobile phone as an application o f both the definitions: T he user starts
a phone call, then she or he can mo ve while continuing the conversatio n
1

. T his is
obviously an example o f ter minal mobility. No w, in GSM [13] systems a ter minal, that
is a mobile phone, needs a so-called SIM card. When a user signs a subscription to a

GSM operator, she or he receives a SIM card. Having a subscriptio n and an SIM card
the user can mo ve wherever she or he wants and then insert the personal SIM card to a
phone and start a conversatio n. T he user is not tied to a phone, and thus this is an
example o f personal mobility.

2.2  Basic Elements

Belo w we present the basic definitio n that will be used in the follo wing examples. All
together they represent the minimum set of elements that compound the proposed
architecture
                                                                 2

                                                                      . T hese basic elements are:

T he  User  is the one who wants to start a service session.

T he Service Provider  is the stageholder that offers ser vices.

T he Connectivity Provider  is the stageholder that takes care of physical connections
between ter minals and Service Providers.

T he Terminal  logically connects the User with the Ser vice Provider.

1

      Of course this mobility is limited b y various elements, like radio coverage and the type
of subscriptio n with the telep hone operator.

2

      Even if so me definitions remind to T INA concept, this architecture does not rely on

T INA.

Mobile Agents  are software objects that act on behalf o f the User through the various

Service Providers,

User Profile  contains all the useful infor mation about the behavior and preferences of

the users.

T hese basic elements are sufficient to build and to support most of the scenario existing

in personal mobility. In the next section, through so me examples, we will refine and

extent these definitio ns.

3  Teleco mmunications Scenarios

 A User has a subscription for a service in the local Ser vice Provider. T he type of the

service requires that the User Profile is located near the Ser vice Provider as in Figure 2 .

T his is due to the fact that most of the time the User will use a T erminal logically

located (through a local Connectivity Provider) in the Service Provider domain.

                         When the associatio n with the Service Provider is fixed (due to administrative or

econo mical reasons) the Ser vice Provider is called Ho me Service Provider . In this

example the user is connected with the Ho me Service Provider and can directly use the

Services provided b y the Ho me Service Provider.

Termi nal

User

Profi le

Service Pro vider

Figure 2  A normal subscription

When the user moves out from the Ho me Service Provider domain, he or she can use a

T erminal co nnected to another Service Provider that has a Federation Contract  with

Ho me Service Provider. A Service Provider different fro m the Ho me Service Provider is
called a Visited Service Provider . A Visited Service Provider does not have the User

Profiler, so the service cannot be allo wed immediately. Anyway, since there exists a

Federation of Service Providers and the User has a subscriptio n with a Federated

Service Provider, the User can obtain the service through the Visited Service Provider

(see Figure 3 ).

Ter minal

Home Service

Provider

User Profiler

Visited Ser vice

Provider

Fed er ation

Visited

Service

Provider

Figure 3 : The User roams

In order to do that, a Mobile Agent co nnects to the Ho me Service Provider and gets the
needed infor mation fro m the User Profile and co mes back to the Visited Service

Provider ( Figure 4 ).

                         After checking the infor mation, the Visited Service Provider allo ws or denies the

Service to the User.

Termi nal

                                                                                                               Ho me Service

Provider

                                                                                                          User

                                                                                                          Profile

Visited

Service

Provider

Figure 4 : The user obtains the service

3.1  The Roaming in Detail

When the User mo ves and wants to use the Ser vice outside the Ho me Service Provider

domain he or she must find a T erminal in the Visited Service Provider domain. After

that the user registers asking for the Service ( Figure 5 ). T his is done using a Mobile

Agent.

                         T he Visited Do main receives the request fro m the T erminal. T he request also

contains the unique Identifier of the User so that the Service Provider can check the

subscription fro m its Database. T he Service Provider finds out that the User has not a

subscription here but that the User has roamed. T he Service Provider needs to obtain the

User’s infor mation to decide whether or not to allo w the Ser vice. So the Agent goes to

the Ho me Service Provider of the User and gets the infor mation ( Figure 4 ).

Infor mation, provided by the User Profile, is directly o wned by the User
3

. T herefore, the
role of the Ho me Ser vice Provider has no meaning. T he role of the T erminal is also
different: Instead of being in the User domain it lo gically belongs to the Ser vice

Provider domain. T he new scenario is depicted in Figure 8

.

                         T he User connects to a T erminal giving the Identification Code. Since the User

Profile is located in the User do main, the Service Provider immediately gets the
infor mation it needs. T hen the Service Provider satisfies the User request directly or
through another Ser vice Providers.

Figure 8 :  Kiosk Scenario

4.1  In Detail: booking a flight though a Kiosk Provider

T he User wants to travel to Paris. He goes to a Kiosk Ser vice Provider in the nearest

T ravel Agency. He puts a Smart Card to a Kiosk T erminal and digits the Identifier of his
o wn. A Mobile Agent o f the User is transferred fro m the Smart Card to the T erminal.

An immediate negotiation between the Mobile Agent and the agents presenting the

Kiosk Ser vice Provider takes place. If the Ser vices is allo wed, then another Agent,
specialized in T ravel Services will get the needed infor mation fro m the User Profile
such as preferred Airline, usual flight class, desired departure and arrival time, and
mo ve to the well-kno wn Airlines Providers. Special Agents in those Providers will

3

     Smart Cards could be used.

promote the service and, after the usual negotiation phase, the User will receive the list

with the different options and he will choose one. Figure 9  depicts the scenario.

User

Profile

Service Providers

Kiosk

Figure 9 : Booking a flight

4.2  In Detail: Sending a Fax

Sending a fax through a Kiosk is managed in the same manner: Again, the User inserts a

Smart Card to a T erminal connected to the Provider. Also in this case the Smart Card

contains the User Profile. However since the Ser vice is a typ ical ano nymous one where

the only needed infor mation is a credit card number or a prepaid card, only this

infor mation is given to the Provider. T he other phases in this service are similar to those

in the previous one: T he Provider, using a Mobile Agent, finds the cheapest route to

send the fax, and then finishes the job.

5  Service Invitations

Since in personal mobility the User is not strictly connected with the ter minal, new

cases involving "Service Invitatio ns" may be interesting. In other words, if the user

cannot mo ve the ter minal (like a telephone or a fax machine), he would like to have the
same services fro m the Visited Service Provider.

                         As an example, the user wo uld like to receive inco ming call to the fax at ho me
redirected (diverted) to a visited fax. T he user has alread y subscribed a service at a

Service Provider, and the service is active. Since the Service Provider needs to have the
user infor mation, the User Profile is tied to the Ser vice Provider that acts as a Ho me

Service Provider. When the user decides to move to a place with no prior kno wled ge
whether or not the service can be served there, the call cannot "a priori" be diverted to a
different number. T he User can just announce to the Ho me Provider his intention to
roam. Once arrived at destination and a ter minal suitable to receive the service has been
found then the User registers in the new site to receive the inco ming calls. T his is done
in the same way of the first case: a Mobile Agent scans all the available Connectivity

Providers, negotiates the appropriate Quality of Ser vice and decides the best route to
reach the Ho me Service Provider. After this phase, the Agent moves to the Ho me

Service Provider and delivers the new location of the User and the best route to follo w

( Figure 10 ).

Figure 10 : Service Invitations

When an inco ming call is received, the Ho me Provide will divert it to the ne w location.

In this way, if two Users have both roamed to the same Service Provider’s do main,
different fro m the Ho me one, after the first call they will directly talk, without involving
the Ho me Service Provider anymore which minimizes the costs. Another example of the
same scenario: A user requests a service that need s long time to be served. In this case
the user could want to receive the reply to another ter minal.

5.1  Service Invitation Implementation

We have implemented a simp le prototype of the service invitation scenario using

Vo yager ORB [16] agent architecture. T he scenario is as follo ws:

                         T he User subscribes to a News Ser vice to receive the latest news. T his ser vice is

independent to the user location and the ter minal. When a new piece of ne ws beco mes

available, the service sends it to all the users who have subscribed. T he User Agent,

through the Agent Platfor m, takes care of delivering the piece of ne ws to the right

T erminal.

In details , the User must register to the Service. He or she has to give his Personal

Infor mation Code (PIC) and to specify a ho st address. In the current prototype there is

no authentication procedure. T he host specified b y the User beco mes the Ho me Service

Retailer of the User.

                         At this point the User name is inserted into the User Database in the Ho me Service

Retailer who creates a User Agent for the User.

                         When the User is willing to receive the News, he or she starts the Service giving the

PIC. T he User Agent is awaked. When a piece of news arrive, the User Agent take cares

to display it at the current location o f the User ( Figure 11 ).

Figure 11 : The News Service is active

When the User roams, the User Agent will follo w the User to the new locatio n, thus
taking care of obtain the forthco ming pieces of news fro m the Ho me Ser vice Provider.

In Vo yager, when an agent migrates, it leaves a ^trace~ behind so that the platfor m,
which created the agent, can always find the agent. A more sophisticated prototype will
be implemented and demonstrated in the EC/ACT S project MONT AGE[19] later this
year.

6  Conclusions

We described a typical example o f usage of o ur architecture in teleco mmunicatio ns. We
can notice different roles of the basic elements:

·

       T he T erminal is strictly associated with the User. Fro m the architectural point of

                         view the role of the T erminal is to connect the User represented b y a Personal

                         Identification Code (PIC) to Service Providers.

·

       T he User Profile is an essential element in allo wing or denying the ser vices. T hus,

                         the importance of the Ho me Ser vice Provider depends only on the presence of the

                         User Profile. Further more, the Ho me Ser vice Provider is static.

·

       T he role of agents is to connect them to and to the other elements and to transfer

                         infor mation. Since they act on behalf of the User and they act autono mously, they

                         fulfill the most co mmo n definitio ns of Agents.

T his scenario is related to a typical T elecommunication Ser vice, such as GSM, in which
the User signs a subscription for the Ser vice with a Provider that keeps the User

Infor mation in its Database. Different Providers agree to exchange infor matio n related
to services when a User is temporarily roaming. Ho wever the User infor mation is
always maintained and managed b y one Provider. With the architecture described in this
paper some improvements to the typical service are easy to obtain. For example, when
roaming the User does not need to choose which Provider to use but the Agents will do
that on behalf of the User. Further more, if the User will move for a long time, the

Providers could exchange the whole User Profile. In that case the concept of the Ho me

Service Provider become d ynamic and distributed.

6.1  Refinement of the Definitions

As stated above, the User Profile is not static b ut d ynamic or mobile. It is easy to

construct new scenarios changing the "position" of the different elements. T he main

idea is to have a fe w elements and a general architecture valid for a wide number of

different scenarios. B y refining the basic elements described in Sectio n 2.2 we obtain:

·
       T he User is the entity that requests the ser vices. It should be notice that a Service

                         can also start another Service as in the Ser vice Invitatio n scenario. T herefore, from

                         the architectural point of view, the User in not necessar y

-
 only the User Profile is

                         essential and an entity representing a paying custo mer.

·
       T he T erminal is just a means to connect the User and the Service Provider. It can be

                         a real laptop comp uter, a GSM phone or just a cash dispenser, but the logical

                         functio n is the same. So metimes the T erminal is located in the User domain,

                         so metimes in the Service Provider domain.

·
       T he Service Provider is the stageholder that offers Ser vices. T he Ho me Ser vice

                         Provider is a Service Provider that has the User Profile.

·
       T he User Profile is the core of the architecture. It contains all the infor mation

                         needed to a Service. What is needed depends on the scenario: An exhaustive

                         database for a typical teleco mmunication scenario, a prepaid card for a Kiosk one.

                         T he main idea is that the User Profile can be mobile: It is obvious in the fax

                         scenario, since follo ws the movements of the User. Ho wever, the profile, or part of

                         it, could also move in the T elecommunicatio n scenario, especially when the User

                         mo ves for a long time.

·
       T he Mobile Agents are the communicatio n means between the other co mponents.

                         T hey can contain infor mation and intelligence that can be used for benefits of

                         agents´ principals.

7  References

 1.  CLIM AT E (Cluster of EC/ACT S projects) Homepage. Available electronically

                         fro m http://www. fokus.gmd.de/cc/ima/climate/.

 2.  T INA Consortium. Net wor k Resource Architecture, version 3.0 edition, Februar y

                         1997.

 3.  T INA Consortium. Ser vice Architecture, version 5.0 edition, June 1997.

 4.  EC/ACT S (AC036) Project DOLMEN. Open Service Architecture for Mobile and

                         Fixed Environments (OSAM), Final Release, August 1998.

 5.  FIPA Internet Ho mepage. Available electronically fro m http://www. fipa.org.

 6.  Heikki Helin. Bibliography on Software Agents. Available electronically fro m

                         http://www.cs.helsinki.fi/~hhelin/agents/index. html.

 7.  IEEE Personal Co mmunications. Special Issue on IMT -2000, August 1997.

 8.  Reco mmendation F.851 IT U-T . Universal Personal T elecommunication (UPT ),

                         Service Descriptio n, Service Set 1, Februar y 1995.

 9.  K. Kitami J. Garrahan, P. Russo and R. Kung. Intelligent netwo rk over view. IEEE

                         Co mmunications Magazine., March 1993.

10.  H. Jormakka, K. Valtari, A. Kind, D. Prevedourou, and K. Raatikainen. Agent-

                         based tina access sessio n supporting retailer selection in personal mobility context.

                         Proceedings o f T INA’99 Co nference, April 1999.

11.  L. Kleinrock. No madicity: Anytime, anywhere in a disconnected world. Mobile

                         Networ ks and Applicatio ns, Januar y 1997.

12.  Object Management Group FORUM Ho mepage. Available electronically fro m

                         http://www.o mg.org.

13.  M. Rahnema. Overview of the GSM system and protocol architecture. IEEE

                         Co mmunications Magazine 31, pages 92-100, April 1993.

14.  T INA Consortium I nternet Homepage. Available electronically fro m

                         http://www. tinac.co m.

15.  S. T rigila, P. Reynolds, K. Raatikainen, and B. Wind. Mobility in lo ng ter m service

                         architectures and distributed platfor ms. IEEE Personal Co mmunications Magazine,

                         August 1998.

16.  ObjectSpace Voyager ORB Internet Ho mepage. Available electronically fro m

                         http://www.objectspace.co m/products/vo yager/.

17.  B. Wind, M. Samarotto, P. Nicosia, M. Lambrou, and E. T zifa. Enhancing the tina

                         architectural framewor k for personal mobility support. Proceedings of IS&N’98,

                         May 1998.

18.  Mohammed Zaid. Personal mobility in PCS. IEEE Personal Co mmunications,

                         Fourth Quarter 1994.

19.  EC/ACT S (AC325) Project MONT AGE. Internet Ho mepage. Available

                         electronically fro m http://montage.ccrle.nec.de