WD 97/ 04611 PCT/ SE96/ 00905

DI STRI BUTI NG NETWORK SERVI CES AND RESOURCES IN A MBI LE COVMMUNI CATI ONS
NETWORK BACKGROUND The present invention relates to met hods and 5
apparatus for supporting data and servi.ce nobility. .to users of mobile
networks. Wth the freedom gai ned by increased access of external data

t hr ough nobi | e we9¥ndeat Wor ks, productivity of conputers and t lpeiT/SESSRS
will be increased. 10 Productivity will also be increased when nobile

systens' users can efficiently access their data in addition to efficiently
managi ng their voice calls. Generally nobile conputer users require nore
access to network resources, such as files and databases, than do nobile 15
t el ephone users. As a result, howto efficiently provide nobile data

access is an inportant qu | [ S | IS

resdted in a nunber of pﬁiéﬁg’?‘ﬁlﬁ%ﬁﬁ%&Sﬁ*@?&kﬁﬁéﬁ%@@ﬁﬁaﬁsty
support for nobile conputing, IN1& YOBRLE NCOMMUNIGATHONS NETWORKr ot ocol (I P),
sendi ng packet data over nobile radi o channels, and network | ayer host

m grfati on transparency. Although it is pOSSI§|e r a nobile computer to
access data through the use of nobile net ff|C|ent mobi lity

support can result in p&@heopresent pimdntions rellates tasmphhodsmmdlghput
Current cellul g t %snmog{ﬁ%a{ﬁx{aaoga fof 'a?xheghrfvﬁF:eV‘hBﬁi 2329

access because they~do not_ su service users
and their term nal IS8T& I?SbF“P 1FhEe‘F‘£RH Shat their data is configured
statically in the syst em:.lthrrnhanﬁeéddﬁ)lqﬂM byt ifdtcrieaBeli a6cedd igs ent

(FLRs) - Care desi gnatstsnto REEE: sAEbID 18" BEel® pERURLER: bt BBy
inefficient for a |loff pomputiers andntielir usedss widdabee inkrgasednot support
10 Productivity will also be increased when mobile systems’
users can efficiently access their data in addition to
efficiently managing their voice calls. Generally
mobile computer users require more access to network
resources, such as files and databases, than do mobile
15 telephone users. As a result, how to efficiently
provide mobile data access is an important question.
Previous research in this area has resulted in a
number of proposals that address network layer mobility
support for mobile computing, including Mobile Internet
20 Protocol (IP), sending packet data over mobile radio
channels, and network layer host migration transparency.

Although it is possible for a mobile computer to access
data through the use of mobile networks, inefficient
. mobility support can result in performance problems such
25 as poor throughput. Current cellular telephone networks
are not efficient for wireless data access because they
.do not support data and service mobility. While users
and their terminals are mobile, the fact that their data
. is configured statically in the system remains a problem
30 that inhibits efficient data access.
In today’s systems, databases, such as Home
Location Registers (HLRs), are designed and configured
‘centrally. Central databases are inefficient for a
large number of mobile users because they do not support
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mobility. Wiile users and termnals nay be nobile, the location of the data
they wish to access is still primarily configured statically in the system
Al-t hough sonme of the current research projects, 5 such as the Mbile
NETwor k (MONET) project, address the distributed database (DDB) issues,
they are not degigRdeio dynam cal ly support service and resSOUrCISENEO0S t Y.
It is therefore an object of this invention to dynam cally provide service
and resource nobility in 10 nobil e wirel ess Local Area Networks (LANs)
and cellular networks. It is another object to inprove nobile data access
and perfornmance while reduci ng user |atency. MVARY The foregoing and

ot her objects are acconplished 15 t hrough u of a nobile floating

(MF) -agent protocol sin a.gobil ey abﬁ&ggﬁgﬁgﬁg%igﬁﬁ3Eé?ﬁﬁﬂﬁl%?m§g8¥+des

met hods and apparat us for acconmodati ng e nature e users

by of fering servi cemghiileesthe ctogahdon of thejdata thewpish fedaceess gis
intelligent 20 seg¥ite ﬁfﬂm&ﬂ%ﬂfddr&Egui'eaoﬁiﬁﬁﬁWirD%@ 8pstéam

dat a- structure pre-arrangiﬂﬁnt. é¥ deplo¥§ng VE- Agents to ecouiletnetmork
services (such as user attHaRRTR M5 %S PRETRTY KTURARER RTOABEES  and
resources from She endbrasi tiye MOhidiek NERWorby (MONET prajers:, afdréssy their
mobi | e users, the dgiaepseubes WPapdde! YBbby fkstdd PUind ad AYR! Gedighid®

| ocation of the users. By conbjping the Mbile-Floating agent fupctions
with a method of pr&8i g?%?é"ﬁ%%ﬂfi PREfa§ERERTS T’H‘ie %%mg?&r FF’E?:\]C“{'BL * user
data can be pre-connect efitais therafyiegaadohjecheof diduis dinventionlts to
whi ch th : o , st :

Ic € user 1s Uﬁ%ﬁg%ﬁ%{? Pl TsQ?v?ﬂéérﬁn& Qrééﬂiﬁ]%é‘;nﬁﬂ%%%eﬂ €

service and maintain th a structures wt V|rtuaLR& e
ef ficiency as Qﬁey pehidenwiktelgss Jiocal Area Networks ( s) and cellular

networks. It is another object to improve mobile data
access and performance while reducing user latency.

SUMMARY
The foregoing and other objects are accomplished

15 through use of a mobile floating (MF)-agent protocol in
a mobile database system. The invention provides
methods and apparatus for accommodating the "mobile
nature" of mobile users by offering service and resource
mobility. This is accomplished through intelligent

20 service pre-connection, resource pre-allocation, and
data~-structure pre-arrangement. By deploying MF-Agents
to decouple network services (such as user
authentication data, registration data, etc.) and
resources from the underlying network and moving them to

25 follow their mobile users, the database beconmes
virtually distributed and aware of the location of the
users.

By combining the Mobile-Floating agent functions

with a method of predictive mobility management, the

30 service and user data can be pre-connected and
pre-assigned at the locations or cells to which the user
is moving. This allows the users to immediately receive
service and maintain their data structures with
virtually the same efficiency as they could have at the
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| ocation. It also provides "soft data structure handoff"” capability. In
accordance with one aspect of the invention, network services and resources
are distributed to a 5 nobile user in a nobile comunication system by
providing the nobile user with a mobility (M -agent executing on a hone
fixed host or redeesiit 1S then determned that the nobil e userrseveodoosy | |
be travelling to a destination that is outside a service area of the 10
hone fixed host or router, and a pre-assignnent request is sent fromthe

M agent to at |east one nobile floating (M)-agent nanager executing on a
correspondi ng one of a |like nunber of renpote fixed hosts or routers | ocated
at the destination. Each MF-agent nay include & set of 15 processes,
executing on the coprr ondi r.epte tixed_host or.rourer,.. for

conmuni cating and cgﬁﬁ‘zg??ﬁgf%ﬁ?qrbca&tré 88r3’égvﬁﬂﬁsf%§°%r€?g‘?’ng a

vari abl e repli cat edstrvucture yhandaffl'acapabdlhitytal f of the M agent. The M

agent may include a set Pf PEQHHEIRS WIERCbheNEspict NSt 2bhe i}w&é}%ﬁ or
rout’er, for communicajing wth each M- M) - agent

! agent. A nobile flpatin
is then establishedPPEVOIK SHVIFRE A6 F&gBE‘EFeﬁt a’éﬁcﬂ%f%?‘r %t?‘grﬁﬂ & fixed
hosts or router$, amdbihe Wsemecin a mokidé communiication csystewilye
information fromth ; s ; ' SiwnQl. ter to
Lhe Moagent at eackTol \SHAS SIS hotite Qegd 1€ a MOEELLEP M tadelt
services and/or dat SXREYEHRI A& AARec £drePr BOSF r O gEAMERT ¢ hel trdif thefiser ' s
destination. |n accaetepmined tthatndhecmobipecuser isecor will ik trdvellifg

e SSharhy S h8o! Roadbe ARG MG, 36 ouBhn8°h Bt S Bl b

the renote 10 home fixed host or router, and a pre-assignment request
is sent from the M-agent to at least one mobile floating
(MF) -agent manager executing on a corresponding one of a
like number of remote fixed hosts or routers located at
the destination. Each MF-agent may include a set of

15 processes, executing on the corresponding remote fixed

host or router, for communicating and connecting with
local resources and for managing a variable replicated
secondary data cache on behalf of the M-agent. The M-

agent may include a set of processes, executing on the
20 home host or router, for communicating with each MF-
agent. A mobile floating (MF)-agent is then established
for use by the mobile user at each of the remote fixed
hosts or routers, and the M-agent is used to send data
or service information from the service area of the home
25 fixed host or router to the MF-agent at each of the
remote fixed hosts or routers. 1In this way, services
and/or data may be pre-connected/pre-arranged at the
mobile user’s destination.
In accordance with another aspect of the invention,

- 30 the step of establishing the MF-agent comprises, at each
of the remote fixed hosts or routers, determining
> whether any preexisting MF-agent exists at the remote

fixed host or router, and if not, then creating the MF-
agent for use by the mobile user at the remote fixed
35 host or router. Otherwise, the preexisting MF-agent is



fixed host or router, and if not, then creating the M~ agent for use by
the nobile user at the renote fixed 35 host or router. Oherw se, the
preexi sting M-agent is WO 97/ 04611

PET/ SE96/ 00905 4 assigned for use by the nobile user at the renote fixed
host or router. In yet another aspect of the. invention, one of the

MF- agent s per f oygyorRgdia Ng nobility (AM-agent functions 5 | POTSEDSN0S O
the nobil e user having logged in at the renote fixed host or router that
corresponds to the one of the Mr-agents. An AM agent perfornms many of the
functions of an M agent, including establishing additional M-agents for
use by the nobile user when he 10 roans fromthe service area of the

AM agent, and pre- connecting and/or pre-arranti ng services and data at the

aspect of the | nvenfrBighen e HEPY. shi ASEEHE G e iXChefB0R Fixea
request fromthe M Bgehtoxroreutemast one nobile floating (M)-agent manager
executing on the corresppRtydyd Hotner hBBeb8NBE Stiid Xl ditIlon, Obnk Ouf Sfite

| ocated at the destjination conprises the steps of,identifying the .,

corr espondi ng rennt@rf?ﬁﬁﬁFﬁuégi§Q5msrBEgéPg ﬁﬁ%%i%ﬁYea Gagegﬁef3€§?+9ﬁﬁion
and sendi ng thesweinsségpams’e tice phes mobi den uher I\haagmg Yoggedchnoatt tiee

M agent managers exghotkeih HitObr! PoutlEMthdL bbl

. ép%ﬁ;&gnébnﬂhé%@é €
fixed hosts or routers. Furt e step_o I ng the correspondi ng
renote fixed hosts B8f the MPwgents. oARt ‘ége?ﬁepﬂéél%mﬁ ebnbh¢ses the

steps of: (1) deterfunctyons nmbidn Myr-agens| t yncludirey aistablishangunber of

cells that have bee?d&fﬁf&‘i‘a W-@ge%ﬁ.gi !fﬁr“ﬁ?é "L ﬂdﬁg’ie[ 6L whén he
defining a circularl'y Shaped geographic ocatrom centered at a current
| ocati on of 10 roams from the service area of the AM-agent, and pre-
connecting and/or pre-arranging services and data at the
locations of the additional MF-agents.
In accordance with yet another aspect of the
invention, the step of sending the pre-assignment
15 request from the M-agent to at least one mobile floating
(MF) -agent manager executing on the corresponding one of
the remote fixed hosts or routers located at the
destination comprises the steps of identifying the
corresponding remote fixed hosts or routers located at
20 the destination and sending the pre-assignment request
from the M-agent to each of the MF-agent managers
executing on one of the identified corresponding remote
fixed hosts or routers. Further, the step of
identifying the corresponding remote fixed hosts or
25 routers located at the destination comprises the steps
of: (1) determining a mobility density m, wherein m is
a number of cells that have been passed by the mobile
user during time r,; (2) defining a circularly shaped
geographic location centered at a current location of
30 the mobile user and having a radius d=int(h*m*7.),
wherein d is a service distance and h is a hierarchic
factor defined by the number of cells service by one MF-
Agent Manager; and (3) identifying the remote fixed
hosts or routers that are located within the circularly
35 shaped geographic location.



30- the nobile user and having a radius d=int (h*nf[err]), wherein d is a
service distance and h is a hierarchic factor defined by the nunber of
cells service by one M~ Agent Manager; and (3) identifying the renote
fixed hosts or routers that are located within the circularly 35 shaped
geogr aphi c | ocati an. WO 97/ 04611

PCT/ SE96/ 00905 Wwo w41t er nati ve enbodi ment of the invention, pbfsEécnoesf

i dentifying the corresponding renote fixed hosts or routers |ocated at the
destination conprises the steps of: sending a nessage fromthe nobile user
to the 5 M agent, wherein the nessage designates the destination; and
using the Magent to identify the M- agent nanager that is executing on a
renote fixed host or router that is |located at3the destination. In another

aspect of the invention,_the sage urther ipclude a designated 10
time-that the nobile usef viP rﬁﬁ%?%i?tgﬁé EéPBﬁEF?gn.¥I$P?rﬁQ¥ n,t e
addi tional step of Stansﬁﬁridegﬁiﬁﬂiagfthslcbarbsagﬂdingoremuﬁzxfﬁﬁamyhmethe
of the Mr-agent is gorientess YASHd athenk sein&@foxgaé dlas a

pr edéet er ni ned relatlgnshl mnth he desi nat or exa e t he
predet ermined rel at ¥ ﬁgﬁl Pele ﬁﬁgFefrBF the EER%Q?MQSQ*iF@ the
desi gnated tinmes InMyageahptWhﬂreﬂﬂntheahessagabddsﬂgﬁﬁté& the ddutdaitdon;

the step of identif n S routers

| ocated at the dest%iﬁgtg,‘ll%n 30.&“ %%gaqlgegot EHBI‘?:I%X&? llﬁ ageg-gt a
mobi I ity density m thikris nexecuting,enpar remote f.sxecﬁanosia\gr b:smtqzra&be@t by
the nobile user durisglééated edt lthe( alesdehaaiaﬁ a Thl&nbendy a%m@of the

Paving a radiue 25 1HIERELEH. Ynd aitsabl mnf  phifle? 1ncfidd dRalifered
h is a hierarchfPc fhinerthatithel nopiltkcuserbwildfbectt stiserddatdmhaltd onne
MF-agent manager; (2) hfsli &ddd\d the additional step of transferring data
from the M-agent to a secondary cache of the MF-agent is
performed, wherein the time of the data transfer has a
predetermined relationship with the designated time.
15 For example, the predetermined relationship may require
transfer of the data prior to the designated time.

In yet another alternative embodiment of the
invention, the step of identifying the corresponding
remote fixed hosts or routers located at the destination

20 comprises the steps of: (1) determining a mobility
density m, wherein m is a number of cells that have been
passed by the mobile user during time 71,; (2) defining
a circularly shaped geographic location centered at a
current location of the mobile user and having a radius

25 =int (h*m*7,), wherein 4 is a service distance and h is
a hierarchic factor defined by the number of cells
serviced by one MF-agent manager; (3) predicting a
movement track (MT) or movement circle (MC) of the
mobile user; and (4) identifying the remote fixed

° 30 hosts or routers that are located on the predicted MT or
MC within the circularly shaped geographic location.

In still other aspects of the invention, the
disclosed techniques may be applied in wireless local
area networks (LANs) as well as in cellular

35 communications systems. Further, a mobile-application



npvenent track (M) or novenent circle (MC) of the nobile user; and (4)

i dentifying the renpte fixed 30 hosts or routers that are | ocated on the
predicted MI or MCwithin the circularly shaped geographic | ocation. In
still other aspects of the invention, the disclosed techniques may be
applied in wreless | ocal area networks (LANs) as well as in cellular 35
communi cati ons wagehedghr Further, a nobile-application VWO $TTHEEDES0S
PCT/ SE96/ 00905 6 programming interface (nobile-APl) is provided for

provi ding a common programmng interface to nobile applications, the
nmobi | e- APl including a nobile distributed system platformfor managi ng

| ocation- 5 sensitive information, and for Eerforning predictive nmobility
managemnent functions BRIEF DESCRIPTICN OF THE DRAW NGS The features and

advant ages of the i e oW n
descri ptgl on in 10 gpyo!"htg'[e %tr?glgg-lg%]:é\hfghgp%ﬁ? éi(}lggpl ctg a
di agram of a Mobi | mrywAﬂénm aceorpon mmmmipgsﬂnﬁﬁggaaeu‘é@rmqi@ém Model ;
FIG 3 shows a Nbbld 1&%&1:%% l\@bélraoﬂltaa-tmmlﬁéluaﬁﬂgna,m&bﬁe4 is an

support serv (Y‘éb'p'r e R0Eh ohti RiAnA 2R PR s Aok ™ g 7
illustrate a Mébil eseﬁsda;liwngingemamn, Iaml dovl peEfGrming mmadilmmvlee
Ter m nal reglstrath@&fyi ﬂﬁﬁh Shétht ndgfansg shows a hierarchy of two
cl asses of caches; A an 1OB ustrate two types of cache
BRIEF DESCRIPTION OF THE DRAWINGS
The features and advantages of the invention will
‘be understood by reading the following description in
10 conjunction with drawings, in which:
FIG. 1 depicts a diagram of a Mobility
Architecture;
FIG. 2 illustrates a user Agent Model;
FIG. 3 shows a Mobile API with Mobile Floating
15 Agent;
FIG. 4 is an example of a Mobile-API Model;
FIG. 5 illustrates M-agent and MF-agent support
service pre-connection and resource pre-arrangement;
FIGS. 6 and 7 illustrate a Mobile Floating Agent
20 Protocol;
FIG. 8 shows Mobile Terminal registration at a new
location;
FIG. 9 shows a hierarchy of two classes of caches;
FIGS. 10A and 10B illustrate two types of cache
25 consistencies;
FIG. 11 shows an example of invalidation broadcast
report areas for different user mobilities;
FIG. 12 depicts the Point-To-Point MF-agent
Assignment Model;
30 FIG. 13. illustrates Percentage of Latency
Reduction vs. Relative Assignment Distance D;
FIGS. 14A and 14B illustrate the Radius-d
Assignment Scheme;
FIG. 15 depicts the Percentage of lLatency reduction



25 consistencies; FIG 11 shows an exanple of invalidation broadcast
report areas for different user nobilities; FIG 12 depicts the

Poi nt - To- Poi nt M- agent Assignnment Model; 30 FIG 13. illustrates
Percent age of Latency Reduction vs. Relative Assignnent Distance D; FIGS.
14A and 14B illustrate the Radi us-d Assignnent Schene; FIG 15 depicts the

Percent age of Ly@gbetsasrd educti on WO 97/ 04611 PCT/SE96/00905
PCT/ SE96/ 00905 7 vs the Average Mbility Rate for the Radius-d Assignnent
Schene; FIG 16 illustrates the Performance gain vs. Mbility density for
the MI/ MJ/ d assi gnnment nethod; 5 FIG 17 illustrates the percentage

of Latency reduction vs. Nbblllty Density for the MI/ Mc/ d Assi gnnent
method; FIG 18 shows the general Architecture’of a Wreless LAN, 10

FIG 19 I f ul d th
nvent ion: F1G. 20 dBproe AteERdh SRoney, eRbe Efr, bheRai-F Apigment
FIG 21 shows an ex&epemepf the Mbile Floating 15 Agent on the NBR

Protocol Architecture; Fggs. 2% iilitshidees the pg&f@fﬁﬁﬁé&

agents and T-agents I s an exanple of e F]oatl gent
i mpl ement ati on; igﬁt¥4?§nﬁﬁfy:$952%@§aﬁﬁfgc2@ SR 'ecture
and FI GS. 25A asd 25B shB¥Ga rrlillwtratesutheapencentage of Latency

reduction vs. Mobility Density for the MT/Mc/d
Assignment method;
FIG. 18 shows the general Architecture of a
Wireless LAN;
10 FIG. 19 is an example of a useful testbed for use
with the present invention;
FIG. 20 depicts the protocol architecture of a
wireless LAN;
FIG. 21 shows an example of the Mobile Floating
15 Agent on the MSR Protocol Architecture;
FIG. 22 illustrates the relationship between M-
agents and T-agents.
FIG. 23 is an example of Mobile Floating (MF)-Agent
implementation;
20 FIG. 24 is an example of a cellular architecture;
and
FIGS. 25A and 25B show a cellular communication
system implementation and an example of MF-Agent (MFA)
implementation on a cellular communication system.

25 DETAILED DESCRIPTION
The various features of the invention will now be
described with respect to the figures, in which like
parts are identified with the same reference characters.

A Comprehensive Mobility Architecture

30 With the proliferation of mobile communication into
everyday life, work environments have become
decentralized. As a result, users can nov take work



system i npl enentati on and an exanple of M- Agent (MFA) inplenmentation on a

cel l ul ar comuni cation system 25 DETAI LED DESCRI PTI ON
The various features of the invention will now be described with respect to
the figures, in which |ike parts are identified with the sane reference
characters. A Conprehensive Mbility Architecture 30 Wth the
proliferation ofwdoedsa conmunication into everyday |life, worKkpefuiosapuEnt S
have becone decentralized. As a result, users can now take work WO

97/ 04611 PCT/ SE96/ 00905 wher ever

mobile termnals allow themto. Unfortunately, while conputers and their
support hardware have becone increasingly nobile, there has not been any
significant attenpt to increase the nobility & the service and data 5

access required by nohi l.e .systens. Jhe esent invention solves these
and ot her probl ens %@g%%é?ﬁ gﬁ‘%d‘lfy iﬁﬁ‘ﬂf‘@ﬂﬁs?ﬁ@ M 5P-ar UREPEERRR ke Ny
supporting servi ce Whiile ccomputensoknti theinrsupportndiandviere hasel bedome N a

fully mobile architegéréfeindly mobile;rhﬁué?@ché rnogd ;i%feguggpi %’;@é@&&@f

connectivity of nnbi%e da% access can be satlsfie i T ron- of
existing and future®th finGrease Bhg ohikity) of the service andidats

the art wirel es§ dasocdss rewmtivedk bgnthese mobileo Eystens], PRENSr&d &t

t hings, nobile term : S : _ngtwor ks and
appl i cation nodes %ﬁ@érﬁréﬂ%cc%g%%%fgﬁ%\ﬁ%ﬁb%gnheeﬁ%gé&&\%gf ksyn%§°‘6jp%$§ﬂ &in
accordance with a woEPYahengiye,mopidity Archikeakuried foys supporting

Typical |y access nesepvice Bhd agsougte dfolsElity Fornelatal ketwssksonal
bandw dths Chat ranes kel B a3t sanEte MRRAREKST SRS
out door 10 The need for global mobility and for connectivity
of mobile data access can be satisfied through
integration of existing and future communication
networks. |
FIG. 1 illustrates a state of the art wireless data
i5 network environment comprising, among other things,
mobile terminals 10, access networks 12, backbone
networks 14, and application nodes 16. The access 12
and backbone 14 networks may operate in accordance with
a wide variety of protocols and standards.

20 Typically access networks 12 may include cellular
networks, personal communications networks (PCNs), and
wireless LANS having a spread of bandwidthe that range
in magnitude from 10 Kb/s at the low end, as in outdoor
macrocells, up to 2-10 Mb/s for indoor picocells.

25 Backbone networks 14 can include Internet or high speed
transport networks (e.g., fiber optic cables with Fiber
Distributed Data Interface (FDDI), Asynchronous Transfer
Mode (ATM), Dynamic Transfer Mode (DTM), etc.). In
addition, application nodes 16 can be provided by the

30 backbone network 14 or via databases and file servers,
or by value-added network providers, such as library
information bases, video servers, news servers, and the
like (not shown).

Because of the variety of different systems and
35 networks that are accessible to a mobile user, as



maerocells, up to 2-10 Md/s for indoor picocells. 25 Backbone networks 14
can include Internet or high speed transport networks (e.g., fiber optic
cables with Fiber Distributed Data Interface (FDDI), Asynchronous Transfer
Mode (ATM, Dynam c Transfer Mode (DTM, etc.). In addition, application
nodes 16 can be provided by the 30 backbone network 14 or via databases
and file server ayoofnss val ue-added network providers, such as pcirREdsdions

i nformati on bases, video servers, news servers, and the like (not shown).
Because of the variety of different systens and 35 networks that are
accessible to a nobile user, as WO 97/ 04611 :

PCT/ SE96/ 00905 9 outlined above, service and resource nobility provi ded by
t hese networks is beconing increasingly inport8nt for providing efficient
nmobi | ity managenent . LVige bility.i,s the nobility of varjous services 5
(I ogtc/data) in theoﬂﬁgépﬁéiﬂgg%%té?%“?feaHadb56§88ﬁéelﬁ°hé%%ﬁﬁL&£°W499§urce
mobility is the nobbYi thesé nétworcouis decoming dncrgasinylpt gy For

dat a, i ' : service and
r esolir ce Nobil ity nﬁggﬁgzﬁ cereldiditc diBISILY, RnRGRRENL, TRLARRY DO

qual ity of service ¥etht sthe nokilify; o€ varicus| gepyieesto nmeet the

i ncreasi ng demai®ds fhegicgdataphin ithe undekdging ascesese2 n&id\Wddkbone 13 q
conventi onal nobili emppd %gﬁﬁp' bl t er. 1 ext ende
to manage service a%ét?gggﬂFce &% | |t?kb&4ﬁgyrg%oFF§n%%i%ﬁa{%ég%twﬁb

addi ti onal types of FREBRFFe§. |Such R EYE4RR ABEAAPTPgTrams, mussy idata, user

nmanagenent support . pFogeahssi €té) Yy i ber hn&éblg%ﬁd,néﬂ@oﬂéﬁr RN seR9ek

ifcﬁrtgg?ﬁfe'Pokegggé%ng?ggﬁggggﬁobf@@%&yhagtage adeq$2%§1§l EEcwided in
10 order to meet the quality of service requirements of the
mobile users.

In order to meet the .increasing demands that user
mobility is placing on these networks, conventional
mobility management capabilities must be further

15 extended to manage service and resource mobility. The
importance of these two additional types of mobility is
significant for efficient mobility management support.

To efficiently support mobility, the user agent
model as outlined in Lennart Sdderberg, “Evolving an

20 Intelligent Architecture for Personal
Telecommunication," ERICSSON Review, No. 4, 1993, hereby
incorporated by reference, is introduced. Referring now
to FIG. 2, each user 21 and terminal 22 is represented
in the network by corresponding agents 24 and 25

25 respectively. These agents 24 and 25 contain all
service logic and service data related to the user 21 or
terminal 22, and control all communication sessions of
the user 21 or terminal 22. This model provides the
basis for providing service and resource mobility in

- 30 accordance with one aspect of the invention.
Referring now to FIG. 3, mobile terminal software
39 in accordance with one aspect of the invention is
shown. Both a Mobile-Applications Programming Interface
(API) 31 and a Mobile Floating (MF)-agent 38 are
35 provided to cope with the varying bandwidth and



Tel econmuni cation,” ERI CSSON Review, No. 4, 1993, hereby incorporated by
reference, is introduced. Referring nowto FIG 2, each user 21 and
terminal 22 is represented in the network by correspondi ng agents 24 and 25
25 respectively. These agents 24 and 25 contain all service |ogic and
service data related to the user 21 or terminal 22, and control al
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the basis for providing service and resource nmobility in 30 accordance

wi th one aspect of the invention. Referring nowto FIG 3, nobile termna
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Mobi | e- Appl i cations Programming Interface (APL) 31 and a Mdbile Floating
(MF) -agent 38 are 35 provi ded to cope with the varyi ng bandw dt h and
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39, hardware interfaces 32 are
10 networks 33. For instance while Mobitex 37 provides 8

kb/s radio link for a wide coverage area, the data speed
of an indoor infrared (IR) link 34 can be up to 10 Mb/s.
The Mobile=-API 31 with its MF-agent provides user
transparent mobility in such an environment having
15 varying bandwidth and link connectivity.
At the lower layers of the mobile terminal software
39, hardware interfaces 32 are provided for
communication with the links 34, 35, 36, 37. These
lower layers also support the well known Mobile Internet
20 Protocol (IP). The Mobile-API 31 is used to support
terminal mobility. The Mobile API 31, along with an MF-
agent 38 in the network, supports mobile multimedia
applications.
Turning now to FIG. 4, a preferred embodiment of
25 the Mobile-API invention is shown. The Mobile-API 31
has a mobile distributed system platform (MDSP) 45 that
includes Location-Sensitive Information Management
functions (LSIM) 47 and Predictive Mobility Management
Functions (PMF) 46. On top of the MDSP 45, several
30 function blocks are designed to support particular
applications, for instance, mobile-distributed file
systems 41, mobile distributed databases 42, windowing
43 and other applications 44.
The key difference between a mobile terminal and a
35 fixed one is that the mobile terminal supports



conmuni cation with the Iinks 34, 35, 36, 37. These | ower |ayers also
support the well known Mbile Internet 20 Protocol (IP). The Mobil e-API
31 is used to support termnal nmobility. The Mbil.e APl 31, along with an
M- agent 38 in the network, supports nobile multinmedia applications.
Turning nowto FIG 4, a preferred enbodi nent of 25 t he Mobil e- AP

i nvention is sﬂgg&wmﬁﬁye Mobi | e- APl 31 has a nobil e di stri but go19sEaknsvos
t hat

pl at f orm ( MDSP) i ncl udes Location-Sensitive Information Managenent
functions (LSIM 47 and Predictive Mbility Managenent Functions (PM) 46.
On top of the MDSP 45, several 30 function bl ocks are designed to support
particul ar applications, for instance, nobile-distributed file systens 41,
mobi | e di stributed databases 42, w ndowi ng 43 Jdnd ot her applications 44.
The key difference between a nobile termnal, _and a,35 fixed one is that
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types of communi cat P&¥eFPaPgcbhe characteristics of the communication

10 channel and services provided by the networks and/or be
notified of changes. Therefore, location-sensitive
information, identifying the services or resources
(including hardware and software resources, network
connectability and types of communication protocol

15 available, etc.) provided by the systems or networks at
a defined location (i.e., geographical area), must be
efficiently managed.

The LSIM 47 in the MDSP 45 is designed to manage
the location-sensitive information and map the

20 information to the different services offered by the
mobile infrastructure at different geographical
locations. Furthermore, the LSIM 47 is also responsible
for informing both the applications 30 and their
supporting agents 38 about any change .of. . location of the

25 mobile terminal 22 in addition to providing dynamical
service connections. For example, suppose that a
network, with a distributed file system, consists of
several servers distributed in different geographic
areas. When a mobile terminal moves from a location

‘ 30 near server A to a location near server B, the LSIM 47
should. inform both the server B and a cache manager in
the mobile terminal, that server B is the nearest file
server, should a file be needed.

In one embodiment of the invention, the most

35 likely destination of a user is determined through the



15 avail abl e, etc.) provided by the systens or networks at a defined

| ocation (i.e., geographical area), nust be efficiently managed. The LSI M
47 in the MDSP 45 is designed to manage the | ocation-sensitive information
and map the 20 information to the different services offered by the
nobile infrastructure at different geographical |ocations. Furthernore, the
LSIM 47 is al sowssmaesi Pl e for inform ng both the applicati onscrikosmuos
their supporting agents 38 about any change of....location of the 25

nobile termnal 22 in addition to providing dynam cal service connections.
For exanpl e, suppose that a network, with a distributed file system
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10 Prediction Functions in the PMM 46 can be found in co-
pending U.S. Patent Application No. 08/329,608, entitled
*Method and Apparatus for Detecting and Predicting
Motion of Mobile Terminals," filed on October 26, 1994,

hereby incorporated by reference.

|ds

15 Mobile Floating Agents

Referring to FIG. 5, in order to distribute network
services and resources closer to mobile users, in other
words, to provide service and resource mobility in
wireless data networks, a mobile-Floating Agent (MF-

20 agent) 52 and a Mobility Agent (M~-agent) 50 are used.
An M-agent 50 is preferably a software entity executing
on a home fixed host or router, including a set of
processes that communicates with and pre-assigns an MF-
agent 52 to remote fixed hosts or routers on behalf of a

25 @ mobile terminal 55. An MF-agent 52 is preferably a
software entity executing on a remote fixed host or
mobile support router (MSR), including a set of
processes that can communicate and connect with the
local host or MSR resources. The MF-agent 52 also

30 manages a variable replicated secondary data cache 53 on
behalf of the M-agent 50.

The significant advantage of having the support of
the M-agent 50 and MF-agent 52 is that the service logic



"Met hod and Apparatus for Detecting and Predicting Mtion of Mbile
Termnals,” filed on October 26, 1994, hereby incorporated by reference. 15
Mobil e Floating Agents Referring to FIG 5, in order to distribute network
services and resources closer to nobile users, in other words, to provide
service and resource nmobility in wreless data networks, a nobile-Floating
Agent (MF- 20 wegwedsjl1 52 and a Mobility Agent (M agent) 50 amrETISES6I0099E

M agent 50 is preferably a software entity executing on a hone fixed host
or router, including a set of processes that conmunicates with and
pre-assigns an M- agent 52 to renote fixed hosts or routers on behalf of a
25 nobile termnal 55. An M--agent 52 is preferably a software entity
executing on a renote fixed host or nobile suégort router (MSR), including

a set of processes C BOEh t or
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10 a fashion sim to t at travel ency would
10 a fashlon 51m11ar to that in Whlc a travel agency would

pre-arrange'a hotel room or other services for a user
when that user is travelling.

Mobile Floating Agent Protocol

The MF-agent 52 is assumed to have basic mobility
‘15 support from the network layer, via a protocol such as
Mobile-IP, otherwise known as IP mobility support.

A preferred embodiment of the MF-agent pre-
assignment protocol is depicted in FIGS. 6 and 7. The
MF-agent manager 61, 62 provides a common base which

20 supports MF-agent 52 creation and assignment (i.e.,
establishment). The M-agent 50 is a representative of
the user 21 in the network and is responsible in part
for creating, deleting and managing the MF-agents on
behalf of mobile users. An M-agent 50 requests creation

25 or assignment of MF-agents 52. As shown in FIG. 7 a
mobile terminal 55 sends an MF-agent assignment regquest
to its M-agent 50, in the local network, with an address
of a new location it is travelling to (701). The new
location may be one that has been explicitly provided by

- 30 the user 21, or it may be one predicted by the PMM
functions 46. The assignment request is a request to
establish (i.e., alternatively create or pre-assign) an
MF-agent 52 at the location that the mobile terminal 55



pre-arrange a hotel roomor other services for a user when that user is
~travelling. Mbile Floating Agent Protocol The MF-agent 52 is assuned to
have basic nobility 15 support fromthe network | ayer, via a protocol
such-as Mbile-1P, otherwi se known as IP nobility support. A preferred
enbodi mrent of the M--agent pre- assignnent protocol is depicted in FIGS. 6
and 7. The M- aggyyyo@pager 61, 62 provi des a commpn base whi s
supports M--agent 52 creation and assignnent (i.e., establishnment). The

M agent 50 is a representative of the user 21 in the network and is
responsible in part for creating, deleting and managi ng the M--agents on
behal f of nobile users. An Magent 50 requests creation 25 or assi gnnent
of M~-agents 52. As shown in FIG 7 a nobi | elﬂerm' nal 55 sends an M- agent
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10 agent 52 the MF-agent manager 62 assigns the exlstlng
MF-agent to the requesting M-agent 50 (705). If there
is no existing MF-agent then the MF-agent manager 62
creates a new MF-agent 52 for the requesting M-agent 50
(704) . After the MF-agent 52 is alternatively created

15 or assiéned, a timer and least recently used (LRU)
parameter are set for the MF-agent 52 (70€) (the uses of
the timer and the LRU parameter are explained in detail
below).

After the MF-agent 52 is alternatively created or

20 assigned, it registers itself with the Foreign Agent 73
(F-agent) (708). The MF-agent 52 then sends an MF-
assignment reply back to the M-agent 50 containing the
registration information (709). The M-agent 50 then
sends a reply back to the mobile terminal 55 and

25 maintains a data consistency link 63 with the MF-agent
52 (710). .

The data consistency link 63 is used to send

updated data from the M-agent 50 to the secondary cache
53 in order to maintain data consistency in the

30 secondary cache 53 of the MF-agent 52. The data
consistency link 63 can also have different priority
levels for updating the information in the secondary
cache $3 of the MF-agent $2. If the time needed for the
mobile terminal 55 to reach the new location is

35 considered to be relatively long, (for example, a mobile



16- agent 52, the Mr--agent manager 62 assigns the existing M-agent to the
requesting Magent 50 (705). If there is no existing M~agent then the

MF- agent manager 62 creates a new Mr-agent 52 for the requesting M agent. 50
(704). After the Mr-agent 52 is alternatively created 15 or assigned, a
timer and | east recently used (LRU) paraneter are set for the M--agent 52
(706) (the useswofo7iopsarti ner and the LRU paraneter are expl ai necysivedosos i
bel ow). After the M—agent 52 is alternatively created or 20 assigned, it
registers itself with the Foreign Agent 73 (F-agent) (708). The M- agent 52
then sends an M- assignnent reply back to the Magent 50 containing the
registration information (709). The Magent 5Q _then sends a reply back to
the nobile termnal 55 and 25 mai ntai ns a dafa consistency link 63 with

the M- agent 52 (7 i .St Ve hlpk [ tQ send updat ed
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t he data consistencmg%érgbéggnggrgwpe given a higher priority requirenent
for nore frequent updati ng. .
10 Referring now to FIG. 8, when the mobile terminal

55 reaches the new location, it registers with the MFr-
agent 52 that has been created or assigned for it there
(801). This is accomplished by sending an MF-agent
registration request 68 to the F-Agent 73 at the new

15 location to begin the registration process. The F-agent
73 checks to see if there is a corresponding MF-agent 52
for the mobile terminal 55 (802). If there is an MF-
agent 52, the F-agent 73 confirms this and activates the
MF-agent 52 (804). The F-agent 73 then links the mobile

20 terminal S5 to the MF-agent 52 (805). In accordance
with another aspect of the invention, the MF-agent now
performs as an acting M-agent (AM-agent) for the mobile
terminal 55, performing the same function as an M-agent
at the new location. It should be noted that the M-

25 agent 50 at the home location will always be the M-agent
and is responsible for control of all communication
sessions. The M-agent 50 also maintains data
consistency between the home resources (data/files) and
its pre-assigned MF-agents and its AM-agent on behalf of

' 30 its user, the M-agent 50 being able to maintain more
than one data consistency link 63. (An AM-agent may
- also maintain multiple data consistency links 63 with
other MF-agents 52. This arrangement is shown in FIG.
10 and described in more detail below). Once a mobile
35 ' terminal 55 moves to yet another new location and a new



Dat a consi stency and caching nethods are described in nore detail below 10
Referring nowto FIG 8, when the nobile term nal 55 reaches the new

| ocation, it registers with the M~ agent 52 that has been created or
assigned for it there (801). This is acconplished by sendi ng an M- agent
regi stration request 68 to the F-Agent 73 at the new 15 | ocation to begin
the registrati ogoRypégPs. The F-agent 73 checks to see if theCe/sESS0090S
correspondi ng M—agent 52 for the nobile termnal 55 (802). If there is an
M- agent 52, the F-agent 73 confirns this and activates the M--agent 52
(804). The F-agent 73 then |inks the nobile 20 termnal 55 to the

M- agent 52 (805). 1In accordance with another_ aspect of the invention, the
M- agent now perfornms as an acti ng M agent (AMagent) for the nobile
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once agai n becd®es %hppﬂquggﬁg sinformation (806). The F-agent 73 would
then send the reguested information to the mobile
terminal (807). In mobile systems this is inefficient
and could result in delays for the user. By contrast,
through use of the MF-agent 52 as described herein, an

15 MF-agent 52 is waiting with the needed data or services

when the user logs in at the remote location, and the
user notices no difference in the provided services even
though the user has changed location.

After a predetermined period of time, if the mobile

20 terminal 55 never arrives at the predicted location, or,
if after being deactivated the mobile terminal 55 never
returns to the MF-agent’s service area, the MF-agent 52
is preferably destroyed. In order to perform this
function, each MF-agent 52 is also provided with a timer

25 for maintaining a parameter (t,;) that determines the MF-
agent’s 52 lifetime. The timer is initialized ang
started when the MF-agent 52 is assigned or created.
This timer is re-set and stopped when the MF-agent 52
becomes an AM-agent. Once the AM-~agent is deactivated,

30 thereby causing it to become an MF-agent 52 again, the
timer is restarted.

In accordance with another aspect of the invention,
each MF-agent 52 also preferably maintains a Least
Recently Used (LRU) parameter (1, which is initialized

35 when the MF-agent 52 is assigned or created. The LRU



5; In previously used nethods, when a user |logged-in at a renote

| ocation, the F-Agent 73 would relay a request to the hone agent 72 at the
user's hone | ocation (803). The honme agent 72 woul d then have to provide
the services or data and reply back to the F-agent 73 with 10 t he
requested information (806). The F-agent 73 would then send the requested
I nformation to wWooméeml e termnal (807). In nobile systens thPEI/SES6/00905
inefficient and could result in delays for the user. By contrast, through
use of the MF-agent 52 as described herein, an 15 MF-agent 52 is waiting
wi th the needed data or services when the user logs in at the renote

| ocation, and the user notices no difference in the provided services even
t hough the user has changed | ocation. After aﬁﬁﬁedeternined period of tine,
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it to become an M- agent agaln, the tinmer is restarted. I'n accordance
wi th anot her aspect *8f fFfe Fhecngednd ReSOMYGESagent 52 al so preferably
mai ntai ns a Least Recently Used (LRU) paraneter (1[err]) which is
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paraneter provides a priority index for shared resources
According to another aspect of the invention, a
10 method of hierarchic Mobility-Aware Dynamic (MAD) cache
management is provided, for dynamically managing and
updating the secondary cache of the MF-agent 52. The
following subsections describe the basic principles of
the hierarchic MAD caching, Dynamical Caching
15 Consistency (DCC) and Mobility-aware Caching Management.

Hierarchical MAD Caching Consistency

FIG. 9 illustrates a MAD Caching Scheme in
accordance with one embodiment of the invention. The
MAD Caching Scheme is designed preferably in a hierarchy
20 with two classes of caches: a primary cache 91
implemented at the terminal and a secondary cache 92
that is managed by the MF-agent.
Two classes of cache consistency methods are
employed to maintain data consistency. A first class
25 utilizes a dynamic cache consistency (DCC) method to
' maintain data consistency between a server and the MF-
agents 52, including any AM-agents. A second class
includes -a mobility-aware cache coherence method,
wherein the MF-agent 52 keeps track of any items cached
30 by its mobile user and is responsible for broadcasting
an invalidation report if any of the items are changed.



(e.g., disk space for secondary cache, nenory, etc.) with other M--agents
52 at the sane location. If the resources at this |ocation have to be
reclaimed, then 5 one or nore M--agents 52 having the hi ghest LRU paraneter
are chosen as victins and destroyed in order to free the needed resources.
Mobi lity-aware Dynam ¢ Cachi ng and Prefetching Method According to anot her
aspect of the | weootesern, a 10 met hod of hierarchic Mobility-PoEsEdeibsssm C
(MAD) cache managenent is provided, for dynam cally managi ng and updati ng

t he secondary cache of the Mr-agent 52. The foll ow ng subsections describe
t he basic principles of the hierarchic MAD cachi ng, Dynam cal Caching 15
Consi stency (DCC) and Mbility-aware Caching agenent. Hierarchical MAD
Caching Consistency FIG 9 illustrates a MAD hi ng Schene in -accordance
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mai ntai n data consi AT S tilizes mc cache
consi stency (DCQ) met Eo&‘?&?ﬁa?’%t ?ni’gea?é‘%iﬁ’é‘f%?!‘%ﬁcg b&gﬁ%—%ver and
the MF- agents . iAbderactave nalgaft mobile~computings Volcl udedNoal,
mobi | i ty-aware cach@caQhanenseinséipsbateldehaireihhByMredefo) :?,2 %&‘Jeeﬂﬁeﬁrf.’Bk
of any itens cached 3q .t s_npbi user and,is reﬁgon3|% e for

tueen dhe,prdmary o

br oadcasti ng an inngiE&F?ﬁnd¥3ﬁ5+$)ééénfhf°ﬂﬁlgﬁ§“9¥e
97/ 04611 cache and the secondary cachePCTTBEISinNGSNdatdoRar bara' s
“invalidation reporbeplireadpRshadtst GRFNRetRABY $5CESKLSHLA LA PrgdS
described in Dioﬁar %L%t%ols described above, to only broad
’ ’ Yy broadcast each
individual mobile user’s invalidation reports to the
mobile user’s current geographic location (mobility)
area. Because the MF-agent assignment methods can
guarantee that a mobile terminal $5 will be in an area
15 covered by the MF-agent 52, the mobile terminal 55 will
receive the invalidation reports as long as the terminal
has not been disconnected or failed. In addition, the
MF-agents $2 can maintain a user profile for recording
disconnection behavior information of the mobile
20 terminal 85. This information is sent to the MF-agents
52 by the mobile terminals 55 when the MF-agents 52 are
created or assigned. From time to time, the MF-agents
52 can change their broadcasting strategies according to
the user mobility and working behavior.
25 Using MF-agents 52 for the broadcast invalidation
reporting has several important advantages. The first
‘advantage is that the invalidation reports are only
broadcast to the location area where the mobile terminal
55 is located. Typically, the location-area is
30 dynamically changed according to the mobility behavior
factor of each individual mobile terminal 5. For
example, a cell’s associated MSR would not broadcast
cache invalidation information for a mobile terminal 55
if the MSR was certain that the mobile terminal 55 was
35 not currently in the cell (i.e., there is no MF-agent 52



Imelinski, "Sleepers and Wl kaholics: Caching strategies in Mbile

Envi ronnents," Mobidata. an 5 I nteractive journal of nobile conputing,
Vol . 1, No.1, Nov. 1994, incorporated herein by reference, are used to
mai nt ai n dynam ¢ cache consi stency between the primary cache and the
secondary cache. The "invalidation reports broadcasting” nmethod is conbi ned
with PW 10 fwoetmngns, descri bed above, to only broadcast eachsessioosesiual
nmobi |l e user's invalidation reports to the nobile user's current geographic
| ocation (nobility) area. Because the M--agent assignnent nethods can
guarantee that a nobile termnal 55 will be in an area 15 covered by the
M- agent 52, the nobile termnal 55 will recejyve the invalidation reports
as long as the term nal has not been disconn ed or failed. In addition,

the MF-agents 52 cgy ekl dbBi ng%ﬁ fidee st 0L aCQL d | nngection
behavi or informati %réé:of thgbrﬂr% 1 le, ﬁ{a(it eér?‘reﬁlfrfllalrth‘gg %#fg %\@gér)'rra 1%n is
sent to the M- ageriotads ngpber ofifvad idatiion, rerortanbrordeasied fitheacy
are created or assicglddcahr be téedicdd) t iFDG. Qe sNowagant éxamprelogLhange
their broadcasting ' ' t [ bil ity.and worki,
benavior . 25 - nyediALESn ¥aRt Phoshcadt H3BRsIRGE SHLFTeRY il
reporting has SevetSrminades anTherp AneagePayYTOVErlap;, change RMer Limeat t he
in\éa: i dation rﬁpgghﬁdah&v&nhgeﬂ[rﬂ?é_l(hﬁﬁl lilteOtTeQ'th Iihaqa_t 'bﬁaneéeﬁqymBE)@the
nmobil e term na | t ed. pi.c the l.ocation-area is _
dynani cal | y changea’eg'@cks'gggi ﬁ'dr{"ba/tef?ec%rrﬂj‘éihﬁ PFTaRaTsor factor of each

i ndi vi dual nobil e tern Aabe&énd Fuivantage of asiabl ME-agents B2 EdYSR woul d
not broadcast cache,d kdaty ' r ' a; ' ermnal 55 if
t he MSR was certai%mFﬁg%hFﬁeiﬁggg#éyﬁ%gﬂﬁﬁﬁgaf%gh&a%ggghéfnéﬂécurrentIy in
the cell (i.el® thdr¥alidabier dajahase is opgyoyepliécated at the cell or

PCT/ SE96/ 00905 station within each user’s dynamic location area. This
- can reduce the update overhead for fewer mobile users
because their corresponding dynamic location areas will
be small, for example 1101 or 1104. One can think of
15 this as an information radius of the mobile terminal,
which decreases as the certainty of the user’s location
increases.
An additional advantage is that with the support of
the MF-agents 52 in the fixed network, individualized
20 dynamic invalidation reports can be defined for each
mobile terminal 55 according to the terminal’s mobility
behavior or the cache consistency required during each
time period 7.
Furthermore, through the use of the MF-agents 52, a
25 replicated database is created for each cell or MSR,
corresponding to each individual mobile terminal S5.
The database is dynamically replicated about the mobile
user’s location and changes according to the user’s
mobility. By utilizing the PMM functions of the MDSP
. 30 and the MF-agent protocol, whenever a user moves to
another location, the user will always find the data
that is needed replicated at that location.
The secondary caches of the MF-agents 52 can be
constructed so that they perform the same functions as a
35 Page-answer Database, detailed in N. Kamel & R. King,



19 for the nobile termnal 55 in this cell). Thus, the total nunber of

I nval i dation reports broadcasted at each cell can be reduced. FIG 11 shows
an exanple of invalidation report broadcast areas-for different nobile 5
term nals. These areas may overlap, change over tine and nove when the
nobi l e term nal s change nobility behavior during each tine period [err]. A
second advant ag@g¥fyolgit N0 MF-agents 52 for broadcast inval i dateCIvSEDGeDOst | NQ
is that the 10 i nval i dati on database is only replicated at the cell or
station within each user's dynam c |ocation area. This can reduce the
update overhead for fewer nobile users because their correspondi ng dynamc
| ocation areas will be small, for exanple 110& or 1104.- One can think of 15
this as an information radius of the nobile ternlnal whi ch decreases as

the certainty of t ﬁ§§¥ C dﬁg? n S
that with the supp2f¥ tﬁ§ehNFBE£QBa§Q g fﬁq1fﬂ %g@“ggﬁagfafg

i ndi vi dual i zed 20 A@ﬁﬂﬁﬁﬁ(FnﬂnPQBFUSFFﬁﬂsr%ch ansactions, opgDa ,
mobi | e term nal 55 sesail NYohQ tm mrmpabeéem Iustsya bﬁh@&h or the

cache consistency bt AU 19, SaEL-LhTE, B&%c%dg%eaf%&[vsﬁa%s B er eat ed
for each cell of Nmtmgﬁoﬁbﬁngerﬁeéachmﬁﬂumﬁmﬁml awery| dst teswerh byss.
The dat abase is dyn@%&@héfﬂe&&hhﬁm sﬂ appuis tfi-gtDliivad uaten’ $n!egéti on and

changes according to the user's_no ut il.i |n t he, PMMLfuncti o
O OO i NG e LSS oo Br Lt pobad i d L e EV T pcLdghs
anot her | ocati on, thE.AMHagenﬂ I ahaaysnY|rnmainnnnﬂmmfmhmatuennneﬂed
replicated at that ﬁ@&@éi‘hﬁ& Juh?héeﬁeﬁgﬁéﬁrfaﬁtﬁx% Qfs to'%‘i:a'?(ﬁeagﬁﬂféugri? -

be constructed so that t ormthe sanme functions as a
Page- answer Dal8bas€OrRRARANGINY; H-ROeREBP &FP the gatabase 2% the

server. For example, consider a set of n named data

items which consists of the Page-Answers D; =

the secondary cache. A query q'=:{<ph-qﬁ>' <Pi,"
15 qb>""<mn-%n>} can be fully reconstructed by

evaluating Pi, from the server database and D&ﬂ from the
secondary cache. A similar construction is used for the
primary cache of the mobile terminal 5S.

Dynamical Caching Comsistency

20 According to another aspect of the invention, the
Dynamical Cache Consistency (DCC) method dynamically
maintains two types of cache consistencies. The two
types of cache consistencies are illustrated in FIGS.
10A and 10B. The first type of dynamic cache

25 consistency is maintained between the M-Agent and the
AM-agent and is labelled a type 1 DCC 1001. The type 1
DCC is created between an M-agent and an MF-agent when
the user logs in at the MF-agent, thereby causing the
MF-agent to become an AM-agent. The type 1 DCC is

30 preferably a high priority link used to update cache
information guickly. A second type of DCC is used
between the AM-agent and its MF-agents (1002) or between
the M-agent and its MF-agents (1022), and is labelled a
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"Intelligent Database Cachi ng Through the Use of Page- Answers and

Page- Traces, " ACM Transactions on Database Systens, Vol. 17, No. 4,
Decenber 1992, hereby incorporated by reference, which is derived froma 5
dat abase at the server. Each tine a query is issued by a nobile term nal
55, it is firstyweynidgf €d i n the secondary cache of the nobil ecisebesos
associ ated MF-agent or AMagent. Then any remai ning information not
contained in the secondary cache is obtained through the 10 corresponding
M agent 50 fromthe database at the server. For exanple, consider a set of
n nanmed data itens which consists of the Page-Answers Dierr] = {Pi[err],
Piferr],...... Piferr]} with Diferr] = {Pi[errF,’-Pi[err],.... Pi[lerr]}

Pulty r econst r uct e B b Ao 003 - pReder TR Tire 2,5 1bB2s,2825) A58 "
Dierr], fromthe sepxefRrablyadiowerApsiinrity Limics rursd de uwpdasedther the
Accordi ng o anot heranpe T ReBlateaur Ngaite ! e Huihev 82 HrcdGintd
Consi stency (DCC) %t whytadi®@3w 948 n?'g?ﬁsa’ﬁot%%}ﬁe§e§1‘t&8€hg° the
consi stenci es. She AMNeademtesloné andheéocthei MAedZ i s shown |inuFIcGat 20Ai bs

FI GS. 10A and 10B. fl of «dy LE: LAC _ i IS

mai nt ai ned bet ween iﬁ% I\iri\séexn{ fa%d tﬁg ﬁ?f%ﬁ’éﬁ?' 2%("2?15? Iaégei | e%ﬁgﬁ}/ pe"
DCC 1001. The type 308C 362%yr 39304C<hBt REARE 110 MYy SPimbeT: ARd\FaBRgBAt when
the user logs in ataiseributrgein diftecktcpatietns epdndigrnont €hbeEpAE an

Update cache. i nf or re¥TBh dan ampnt\ReEhad Medae Sobas”Hovbmentusthbla' e
AM agent and i1€ M-{M@prand MoOehentr TreckeMT) Heatteryent and its M- agents
(1022), and is |abelled g, one preferred embodiment, the type 1 DCC 1001
uses a "call-back" consistency policy. The M-Agent 93
is responsible for keeping track of the cache status
information of its current AM-agent 1006. To avoid
15 frequent changes in the association with different
agents as the terminal moves back and forth, the old AM-
agent 1006 (FIG. 10A; also MFA, 1016 in FIG. 10B) is
preferably used to forward the type 1 DCC 1001 to the
new AM-agent 1013. The association between an M-Agent
20 93 and the old AM-agent 1006 will last for a period of
time 7, even when the mobile terminal 55 has moved to
another location. The value of 1, is given by

hoy,
& - T

n

where o, is a delay factof, h is a hierarchy factor and

m is the mobility density of a user during time period

25 1, '
The new AM-agent 1003 informs the M-Agent 93 to

: establish the type 1 DCC 1101 association with it after
a time period 75. The M-Agent 93 is only allowed to

have a type 1 DCC association with one of the MF-agents

30 associated with each mobkile ﬁser; all other type 1 DCCs
1001 associated with the old AM-agents 1006 will be

canceled after the M-agent forms an association with a
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DCC 1002, 1022. The type 2 DCCs 1002, 1022 are preferably |ower priority
links used to updat e the caches of associated M- agents. The nunber of

MF- agents 1003, ..., 1009, 1020, 1030 and their relation to the 5 AM agent
1006 and to the MA 93 as shown in FIG 10A is just an exanple. In practice,
the MF-agents lQfdoeesna: 1009, 1020, 1030 can exi st in any numMoIISESSHMN0SCan
be distributed in different patterns depending on the M~ agent assignment
met hod used, such as Mvenent Circle 10 (MC) and Movenent Track (M)
patterns In one preferred enbodi nent, the type 1 DCC 1001 uses a

"cal | - back" consistency policy. The MAgent 9% I's responsi ble for keeping
track of the cache status information of its £frrent AM agent 1006. To

id 15 f t ' t t th
fermnal moves backiShorayeit 1is0TEBChA LI, Bods L PE, AGAY. 2 BOr( e
MFA[err] 1016 in Flexaupks, |sgnnn<>@petbgtytneéephider &qva‘rl@atlhé-'»t;@emqvaﬁcc
1001 to the new AMﬁﬁémttﬂ&JfocaEhenaaswa %@@uﬁ%tam% t104k) %3

and the old AMagen; 1006 wi || |ast for a el 9 [ even when
the nobile terni naIi Hien n’Uv@tf £ °3ﬂo%ﬂ c,]%tq Ll‘lhﬁ'i‘e ﬁir%@%‘?x s dp
IS given by [er§] V\becamésarttie rewaAMeagent aﬂ;n:ti and |t§1eaph'evd.aus hAM <+ asetndr

and mis the nobili it S gté%ﬁ:l 5 The
new AM agent 1003 |% or ns ]h%aﬁ thanjt Sé%%ée%;ta% &613 °nc£q“ el'lOl

h t
associ ati on with |tT%?t%?s%thartﬁ'§“p?FFY5ﬁe’['eW? ‘ﬁ?@’%‘r R&eﬂf‘ gg ?saiﬁﬂty
all owed to have a t¢he loddFimsDgciael pnthe INF-aigentf, 1006 fEayerly 28-

associated w th eaex?gg&t{doio% g,i%§| hof!BE crlatiifea! di¥ TRl WHE £ERO PR

with the old AMag
Tare Instead the MF-agent 1016 transmits the type 1 DCC

to and from the current AM-agent 1013. After expiration
of the time period 7,, the new AM-agent 1013 informs the
M-Agent 93 that it wishes to establish an association
with the M-Agent 93 and, in response, the M-Agent 93

15 cancels the old association with the former AM-agent,
now MF-agent 1016.

In contrast to the type 1 DCC, the type 2 DCC
preferably uses a delayed "write-update" consistency
policy for an MF-agent group (i.e., the group of MP-

20 agents that have been created, either by an M-agent 93
or an AM-agent 1006, for use by a particular user). The
MF-agent group is created in accordance with any one of
a number of MF-agent assignment methods, which are
discussed in greater detail below. The AM-agent 1006

25 and M-agent 93 will each multicast or group broadcast
the latest update to their respective MF-agent groups
after a time interval 7y5. The 7yh is preferably given by

where o, (@p 2 1) is a delay factor, h is a hierarchy
factor and m is the mobility density of a user during
30 time period 7,. The reason for delay 7T, is that there
isn’t any need to update the caches of the MF-agents
1003, ..., 1009, 1020, 1030 (other than the cache of the



canceled after the Magent forns an association with a WO 97/ 04611

PCT/ SE96/ 00905 22 new AM agent 1013 (fornerly MFA[err] 1003 in FIG 10A).
For exanpl e, suppose that the nobile termnal 55 is noved fromthe | ocation
O-(i.e., the current AMagent 1006) to location 1, as shown in FIG 10B.
Then, Mr-agent[err] 1003 5 becones the new AM agent 1013 and the previous
AM agent 1006 atwwdomaéinon O becones an M- agent 1016 once nDr epcr/SEd6/00908
associ ati on between the M Agent 93 and the agent at the location 0, i.e.,
the M~-agent[err] 1016 (formerly AM Agent 1006), will not be changed
during the tinme period 10 [err]. Instead, the Mr-agent 1016 transmts
the type 1 DCC to and fromthe current AMagent 1013. After expiration of
the tine period [err], the new AMagent 1013 ?3f orms the M Agent 93 that it

wi shes to establish,an C e MiAgent 93 an i.n response,
the M Agent 93 15 A@anggﬁg Jt‘ﬂ}g) 85?0&'?3% il ﬂﬁﬁ" t‘f?é""f%r &N’g'ﬁgent
now MF-agent 1016. heededtfexta mhtiﬂs uppr WwititOpobikity merdiBPCmptel abedl v

uses a del ayed "W i ¥PokPERE CceORY & %l&ﬁ ol r Joup
(i.€., the group o 2 ea ents Tn gveb g'gfrllé)c?gé;tdg} ?ﬂ&le * an

M agent 93 or an AI\/Fg/FEﬁtmibCRF *HP"'&Q@“B?a'&eﬁart‘P%’cN éih%%‘?sﬁﬁ@dmteagem
group is create8l i ngnoupmlaslcehdmﬂﬂe npyagentsf in theprouyf. M- agent

assi gnnment net hods, which are discussed in greater detail below The

AM agent 1006 25 and M a gent 93 will each multicast or group broadcast
the [atest update t¥Frhgen MF-agent groups after a time interval
[err]. The [err] is preferably given by [err] Wnere [err] ([err] 1) is a
del ay factor, hisahle,#arc facto Joobj Lity density of a

user during 30 tine peftodio¥s ]seqﬁgnf'eg]ggﬁ ?‘t‘)’?l’déﬁ e MET-agenty, ot

t her e protocols and DCC methods. However, in order to use an
MF-agent it is also necessary to identify the
10 corresponding fixed hosts or routers located at the
destination where the MF-agents need to be created or
assigned.

Radius-d Assignment Method

15 Consider a geographic area covered by cells (such
as those defined by a cellular network), with each cell
being serviced by an MSR or fixed host. Let A be the
average move rate of a mobile user, where average move
rate is defined by the average number of new MSRs which

20 have been passed by the mobile user during a relatively
long unit time, such as a day, month or year. Let m be
the mobility density factor of the mobile user, where
mobility density factor is defined as the number of new
cells that have been passed by the mobile terminal 5s

25 during time 7,. Let s denote service rate, which is
defined by the number of MF-agents that service each
unit movement of the mobile users. Then:

s = d
hem-T,

where d is the service distance, h is a hierarchic
factor preferably defined by the number cells serviced



isn't any need to update the caches of the Mr-agents 1003, ..., 1009, 1020,
1030 (other than the cache of the WO 97/ 04611

PCT/ SE96/ 00905 23 AM agent 1006) before 1/m in other words, the tine
needed for a nobile user with nmobility density mto nove fromone cell to
another. During the delay tinme [err] there may be several updates. Only the
| at est updat e iwoomiQypP-cast to the M--agents in the group.

Assi gnnent The above sections have outlined the M-agent protocols and DCC
met hods. However, in order to use an M--agent it is also necessary to

i dentify the 10 correspondi ng fixed hosts or routers |ocated at the
destination where the MF-agents need to be cregted or assigned. Radius-d
Assi gnnent Met hod 15 Consi der a geogra% ic area covered by cells

Servicod by an NER BY PREdar fient Harigiely' fha £ b ReriBa, apctife in
nmobi | e user, where whéchgthemmabilitty idengdtinacter i ey desesagppledaber of

new MBRs which 20  havepQesispas thtOtneke TBDat CLARN JHY MiGageht! atively
long unit tinme, such as a gai, nont orp¥gar. Let. mbe the nobiljty density

factor of the nobi| SYRBEFE hiser #hepever:the Reek NaveFar thed as t he
nunber of new cél | s serwicéavatd ahoylss bedsby Lhetmabids, tderrihnal mb5 245
during time [err]. Let s denote service rate, which is defined by the
nunber of Mr-agents that service each unit novenent of the nobile users.

Then: [err] where dThe Ragiused Assignmeptc¥ethods 5 hierarchic factor

preferably defined by the nunber cells serviced
In accordance with one embodiment of the invention,

the MF-agent assignment (without any movement
prediction) may be performed as follows.

10 First, the mobility densiﬁy is calculated during
each time interval r,. Next, a circle, corresponding to
a geographic area centered at a current location of the
mobile hser, is determined. The circle preferably has a
radius d = int¢th * m * 7,). Finally, the remote fixed

15 hosts or routers that have MF-agent managers and which
are located within this circle are assigned MF-agents
for supporting the mobile user. (This assignment may
include the step of creating new MF-agents at those
fixed hosts or routers having no pre-existing MF-agents

20 available for assignment.) If a mobile user reaches the
boundary of the circle, then the process is repeated
from the beginning. This is referred to throughout this
description as the "Radius-d" assignment method, as all
remote fixed hosts or routers are assigned an MF-agent

25 if they are determined to be within the "Radius-4".

The MT/MC/4 Assignment Method

The Radius-d assignment method described above can
guarantee that the service rate s 2 1, but it may not be
optimal for every configuration. For highly mobile

30 users, "Radius-d" assignment may not be efficient
because a large background traffic overhead may be
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M- Agent nmanager, and [err] is a period of tine in which the nobility
density factor, m is sanpled. To ensure that there is at | east one

M~- agent supporting each user whenever the user noves, the 5 service rate
should be s [err] 1, that is, d [err] h m[err]. The Radi us-d Assignnent
Met hod I n accorgwowmeemet h one enbodi nent of the invention, thepdfrsvgosvos
assignment (w thout any novenent prediction) nay be perforned as foll ows.
10 First, the nobility density is calculated during each tine
interval [err]. Next, a circle, corresponding to a geographic area centered
at a current |ocation of the nobile user, %ternined. The circle
preferably has a radius d = int(h m [err] Finally, the renote fixed

15y oSLs o1 rout chankhatedae I 35l HREABEKSadnkanl clh AL dagated s

within this circle are assigned supporting
(Thi s assignment nalfF I‘ﬂﬁ%’ﬁ% }?Q?é‘%taé&iﬁﬂeér within acvinFleduvinae large

fixed hosts or routeaditevang Arbtler problendidFtigenionelor BiivFllqanter

assignment.) If a l ach oundary., of th t hen t he
process i s repeat ed Jﬂﬁ?‘%e e{é’?en% %%ﬁa_rﬁ-ag ngv?ﬁf%? re&fto t%’iﬁrg‘ﬁo&f‘ this
description as fhe 1R§§f%|€’-%ﬂtal§;ﬁ Wonvpﬁéd hsbatteremthp& iofied hosts
or routers are assi ggsdgffledd AIYY cBbine! thACKFAdesle LN diRbrO vitn

I us

i t hi he " Radi t Meth Th
\glstsi Iggrrtente met hlagsdg*;'érP’B%%M%ig‘(%W@ﬁ%ﬂxrﬁgl’aﬁ??fg‘i W@)s'erﬂﬁ i e s
[err] 1, but it naydascrbhedwﬁnrpnewmmuséyemgntmnmeQumc&pend;ﬂ@nv I§.0Patent
mobile 30 users, ;ﬁgﬁre&ﬂ, ] %rr%gb BBY, "PL18¢ & fdct Sy 3243842

| arge background tr I C over ea
10 incorporated hereln by reference. Instead of assigning

MF-agents to every remote fixed host or router within
the circle of radius 4, this assignment method predicts
the most likely movement of the mobile user within the
circle. The MF-agents are only assigned to those remote

15 fixed hosts or routers within the circle that are
additionally within a predicted Movement Track (MT) or
Movement Circle (MC). As an MT or MC can cover a very
long physical distance, only the states or cells in the
MT or MC within the distance 4 are assigned each time.

20 This method is referred to throughout this description
as the MT/MC/d assignment method. This method provides
a more efficient allocation of MF-agents than the bare
Radius~-d method.

To state this more succinctly, the MT/MC/d

25 assignment method is as follows:

1. Calculate the mobility density m during each
time interval 7.

2. Define a circle centered at the current
location of the mobile terminal having a radius 4.

30 (Assume that a; = 1, i.e., 100% confidence that the user
is within the circle with radius d during 7.,). The
radius & is given by

a = int(hmr,)
3. Only assign MF-agents to those MSRs that are

35 located on those portions of the predicted MT or MC that
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generated in the fixed network due to a | arge nunber of M- agents being
assigned within a circle having a | arge radi us d. Another problemis that
sone of the M~agents assigned in the circle may never be used. This is an
5 I nefficient use of resources. A better nethod of assignnent is to
conbi ne the Mr+p@ondgeaassi gnment with the predictive nobility
(PW), as fully described in previously nentioned co-pending U S. Patent

i ncor por at ed
herein by reference. Instead of assigning MF-agents to every renote fixed

Application No. 08/329,608, filed on COctober 26, 1994,

host or router within the circle of radius d,

10

éhis assi gnnent net hod

predicts the nost |ikely novenent of thelnﬂﬂﬁe user within the circle. The

M--agents are only hd 54 nt hgh9§§f{§pnte 15 fixedg?23t§b8;n£g$t$;20k

Beler rorant SEKPR cal
di stance, only the gaiegf @3 or cells in the MI or MC within the distance d

are assigned each tine. .20 ' i ferr hr out IS

description as the NW/Nf%E gggpsﬁn%%%gﬁéFﬁ§§§%T§F§§§5#§3g %@%%%ﬁg? %ﬁﬁore
efficient allodati dediusvidl a9anME/MeiHh ane neald YREphered, nEathay thanst at e
this nore succinct lasgrdiles , MEANGEItRE usedsd Givtidh 5Bt iR0thfedainRinsavhs 1.

within the circle that are addition y within a predi
(M) or Movement Gircl e4-M0) IEa3t Eheboyndary: &8 Eheer
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sphere instead of a circle, the sphere being centered at

the location of the mobile terminal.

Point-to-Point Assignment Method

hossi

MBSRs t hat are
us of a

The above described assignment methods are

15 primarily concerned with one-to-multi-point types of

assignment. However, MF—-agents can also be implemented
by users to make explicitly point-to-point (PTP)
assignments. For example, suppose a user is going to
The user simply
20 needs to inform the M~agent of his intended destination.
It would also be useful for him to include his expected

0slo, Norway from Stockholm, Sweden.

time of arrival. The point-to-point assignment method
will then assign an MF-agent to a remote fixed host or
MSR located in Oslo and maintain a dynamic data

25 consistency data link with it. During the time the user
is traveling from Stockholm to Oslo, the data will be
dynamically pre-~arranged at Oslo. Having arrived at
Oslo, the user can log-in to the MF-agent, just the same
as in Stockholm. The user will not see any difference

30 in the computing environment despite the change of

location.

Thus in accordance with a preferred embodiment of
~the invention, the point-to-point assignment method
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di fference 30 in the cgqguthglenV|nonnent-desglte t he change of

| ocati on. - describ e Radius~-d assignment guarantees a 100%

10 service rate (s > 1) for any type of random movement by
users, but it may generate a lot of background system
overhead. By comparison, the point-to-point assignment
method may not generate as great an overhead as the

Radius-d assignment method does, but it requires

15 explicit "future-location" information in order to
provide good service. The MT/MC/d assignment algorithm
provides a compromise solution by using the predictive
mobility management information to reduce the overhead
while avoiding the need for explicit future location

20 information.

Performance Evaluations

Next, the performance of the MF-agent scheme with
different assignment methods is evaluated.

Mobile data accesses primarily comprise two

25 important operations, namely, the read and write
operations. A read operation reads data from a remote
server or database and a write operation writes data
back to the server. Therefore, the performances of a
read and write operation in the different MF-agent
v 30 assignment methods are analyzed and evaluated below.

To analyze the performance gain without loss of
generality, let the total number of cells be N and also
assume that N >> m'7,, where m-7, is the total number of
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| ocation. However, the tinme (t[err]) can be considered optional. If a tinme
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10 that the on-line costs are twice as significant as the
background costs and the same as the wireless and wired
ones. The costs of a wireless link today are about
twenty times higher than that of a wired link. The
higher this ratio is, the less significant the MF-agent

15 assignment overhead. It is believed that this ratio
will go down to about two-to-one in the future.
Therefore, the above assumption is the worst case
situation. The "on-line costs" include the cost of a
system for making a data access by a user and the cost

20 of the user to have to wait for data, i.e., the delay
costs from the user’s point of view, while the
background costs only include the cost of utilizing the
system to send data. The cache niss rate of the second
cache is assumed to be 15% and that of the first cache

25 is 30%. N =100, T = 100 minutes and h = 1.

With Point-to-Point Assignment

The Point-to-Point Assignment (PTP) assignment
method is the simplest one. Because it requires the
user to explicitly provide the location-destination

30 information, the PTP assigmment is independent of the
mobility density of the users. The MF-agent model for
the MF-agent assignment is shown in FIG. 12.
With the above assumptions, the percentage
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Poi nt -t o- Poi nt Assi gnnent The Poi nt-to-Point Assignnent (PTP) assignnent

nmet hod is the sinplest one. Because it requires the user to explicitly

provide the | ocation-destination pr = Dla

Td

where 7, is the latency of the fixed network per unit
length, while T4 is the latency of the wireless network.

As stated earlier, it is assumed that the links in

10 the fixed network have a higher bandwidth than the
wireless ones, but the longer the distance of the link,
the larger the latency will be. This is due to delays
(through switches, routers, and nodes) encountered in
the link. Therefore, the significance of the relative

15 assignment distance D’ is that the distance of the wired
network link is adjusted by the fraction of the wired
and the wireless latency. For example, D’ = 1 means
that the distance of the assignment is so long that the
latency of the wired link (D’73) is the same as that of

20 the wireless one (7).

In FIG. 13, it can be seen that, with the PTP
assignment scheme, the percentage of reduced latency
increases as the relative assignment distance increases.
The delay of read and write operations can be reduced by

25 more than 65% when the relative assignment distance D’
is larger than 0.9. Therefore, the PTP scheme is more
suitable for long distance assignments, such as
travelling from New York to Europe.
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scheme is nmore suitafle for.long disfance a gnaent Sstasxlrjcabnaa cell is

exponentially distributed. Let A be the average
10 movement rate during T. The probability of passing at
least AT cells during the perioed T is

PIN(T)2\T) = § [M] 720, (0<A<1)

So, the latency of the wired network for a mobile
user with the average movement or mobility rate A is

L irea = D*P[N(T) 2AT) T, = ap ATP[N(T) 2AT) T,
Therefore, the delay for a read and a write operation in
15 a system with an MF-agent is
Lyr = 2.67, + 0,092 ATP[N(T)2AT] 7, 7,
and the delay without an MF-agent is

Lutous = 4(T., + @pATP[N(T) 2\T] T.)

Thus, the percentage of latency reduction by using the
MF-agent is
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Radi us-d assi gnment nmethod is shown in FIG 14A. FIG 14B shows an exanple
of¥ the structure of a 5 radius d = 1 schene in a cellular system As
previously stated, the nunber of new cells a user has passed during a tine
interval (0,t) woejgaeassuned to have a Poisson distribution apér,

duration of a stay in a cell is exponentially distributed. Let X be the
average 10 novenent rate during T. The probability of passing at |east
XT cells during the period Tis [err] So, the latency of the wired network
for a nobile user with the average novenent or nobility rate X is [err]
Therefore, the delay for a read and a wite op&tation in 15 a systemwth
an M~-agent is [err] and the delay w thout an M~agent is [err] Thus, the
percentage of |atency reduction by using the If-agent is WO 97/ 04611
PCT/ SE96/ 00905 31 [err] [err] where [erﬂ?=|nlgﬁ€#515 t he percent age of

| at ency reduction G wiout

1.41"_.' + (4—0.09fq) . FD}\TTC,E: ‘ ()\T)te-u']]

. e X!
4 AT - (XT)ke-”]
[r‘__l + ap Tc’k-zu [_7{_!_

1
where __—.<o,<1.
27 p<

In FIG. 15 the percentage of latency reduction G
versus the average movement rate A is plotted. It is
assumed that T=100 minutes o, = 0.5, o, = 1, and 75,= 1

5 second.

From FIG. 15 it can be seen that the Radius-d
method cuts the latency of read and write operations by
more than 60% for users with an average mobility rate
larger than 0.2. The higher the mobility of the users,

10 the more the percentage of latency is reduced. This
shows that this scheme is very efficient in reducing
mobility related latency.

With MT/MC/d Assignment

With the MT/MC/d assignment method, the MF-agents
185 are only assigned to the fixed hosts or router that are
located on the predicted MC or MT pattern within circle
d. This can greatly reduce the total number of MF-
agents assigned and avoid many unnecessary assignments,
and thus, reduce the background overhead costs for high
20 mobility density users.
FIG. 16 shows the total performance gain with the
MT/MC/4 assignment algorithm versus mobility density.
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timeis 2. [err] , that is, the same as the dianmeter of the assignnent

circle. As shown in he total performance 5 gain is
| nproved by nore 45&5 S?s%gﬁnﬁégﬁq§§%?1 ensity users, aiven the prediction

accuracy rate of the prelfcthewn ighiBIG-y 18unSYEYR A - fERR tENR) Peripyaanedan
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nmobility density users,_és‘éﬁomn Dby “curve 'd. For exarpl'e, suppose a user
has an average nobi Frefigeiee (nokidity-ragagemgnt | fenglelomdsr lagges than

0.9. For an average prediction accuracy rate 0.6 or
more, the total performance gain can also be improved by

10 more than 25% for the high mobility density users, as
shown by curve d. For example, suppose a user has an
average mobility density A=1 during time period T, this
means that the user is changing cells for each time unit
and does not stop during time period T. By using the

15 MF-agent scheme with MC/MT/d assignment algorithm, the
user can still have more than 25% total performance gain
compared with the performance without the MF-agents.

It is worth noting that the total performance gain
here is defined as the percentage of reduced latency

20 minus the percentage of increased background costs.
This means that even when the total performance gain is
egual to zero or negative, there may still be some
latency reduction. For example, when the total
performance gain equals zero, this means the percentage

25 of reduced latency is equal to the percentage of
increased background costs (thus they are linearly
trading off increased background costs for reduced
latency). From the user’s point of view, the most
important performance measure is the percentage of

30 latency reduced.

FIG. 17 depicts the percentage of latency reduction
by deploying the MF-agent scheme with the MC/MT/d
assigmment algorithm versus the mobility density.

Curves a, b, ¢ and & correspond to the prediction
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10 above. Detailed analyses of these schemes in terms of
latency reduction have been presented. The evaluation
results show that the MF-agent scheme with the
predictive MC/MT/d assignment method can improve overall
performance by more than 25% for any mobility density of

15 users and can reduce the access latency for normal
mobility density users in the range (0.2, 1) by more
than 55%.

Mobile Floating Agent Implementation Issues

FIG. 18 shows a general wireless LAN architecture.

20 The general architecture of a wireless LAN connected by
Internet may consist of two basic parts: 1) fixed LaNs
(e.g. ethernet, ring, etc.); and 2)'wireless
interfaces, such as Mobile Support Routers with radio
and IR.

25 FIG. 19 is an example of a good testbed for the
present invention. The testbed architecture shown in
FIG. 19 includes 5 LANS, interconnected by a Gigabit
Network. The mobile-IP, as outlined in IETF, "IP
Mobility Support," Networking Working Group Internet

30 Draft 11, April 1995, hereby incorporated by reference,
is used as the basis for the network layer protocol.
The network consists of Walkstations, or mobile
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The Protocol Architecture with MF-Agents

The Protocol Architecture of a wireless LAN in the
Open System Interconnection (0SI) reference model is

15 shown in FIG. 20. The interactive protocol layer (layer
3) routes packets between different LANS.

Traditionally, the access net, which in this case is the
mobile support router 102, consists of only layers 1 to
3 (network layer). The Mobile IP 105 (at layer 3) is

20 responsible for mobile address migration and routing
packets to or from mobile terminals 100.

The conventional protocol architecture, as shown in
FIG. 20, provides a basic possibility of mobility
support for mobile terminals at the network layer.

25 Unfortunately, none of the problems associated with data
and service mobility as discussed above, can be solved
by such a system. Furthermore, due to the bandwidth
difference between the wireless media layer 108 (from
the MSR to mobile terminal) and the wired media layer

30 109 (from the MSR to the fixed server), several
performance problems may exist when a mobile host
accesses a fixed server’s resources.

First the mobile terminals 100 can face a serial
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PCT/ SE96/ 00905 35 kbet banéwkdtﬂ'ms 'Imecmeslsepathbﬁ.selinitedlabw tH¥ access
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wired |ink 109% Thfsgi'%gng&?ﬁl e ban vvf’%t htt(i}g Wﬁgsggéésisiﬂgt aﬁ Imted
by the 5 serial B8t PP&H@EkhW h%&sff &he frapspipgion| FRRed £f ths Liged
nmatter how fast thaetwapRnissitie el of the rouad-teipopith Sis iWkbokeaed

of the round-trip B tthstL éicdgy t'ﬂi'ﬂéj?crl de?‘fcﬁbtgf %é%% _ission

bottl eneck transm Ssi on nay t he"spee
may degrade the speed of the fixed network.

10 . Another problem that can be encountered is
Transmission Control Protocol (TCP) timer back-off. The
TCP provides support for stream oriented end-to-end
communication with reliable delivery. This requires
retransmission associated timers to guarantee reliable

15 delivery.by retransmission should a time-out occur. The
serial bottleneck problem of a wireless link, associated
with temporary disconnection, temporary failure, or
handover, for example, may cause a TCP timer back-off.

_ For example, if a mobile terminal has an open TCP

20 connection to a fixed host and at the same time the
mobile terminal becomes temporarily disconnected from
the network, the mobile terminal is unable to retrieve
data from the TCP window. As the data is sent to the
TCP window on the fixed host, the TCP window fills.

25 Once the window fills, it becomes unable to store any
more data. This will cause the TCP to back off and
retransmit less and less frequently. After
reconnecting, the mobile terminal will have to wait for
the next retransmission from the fixed host before it

30 can continue receiving its data.

Most of the above-described problems, as well as
the problems discussed in the previous sections of this
disclosure, can be solved by the MF-agent manager with
its MP-agent. The MF-agent manager and its MF-agent can

35 be implemented at Mobile Support Routers (MSRs), at



10 Anot her problem that can be encountered is Transm ssion Control
Protocol (TCP) tinmer back-off. The TCP provides support for streamoriented
end-to-end comunication with reliable delivery. This requires

retransm ssion associated tinmers to guarantee reliable 15 delivery by
retransm ssion should a tinme-out occur. The serial bottleneck problemof a
wireless |link, fgy9eidied Wth tenporary disconnection, tenpoperSESI0HS €,
or handover, for exanple, may cause a TCP timer back-off. For exanple, if a
nmobil e term nal has an open TCP 20 connection to a fixed host and at the
sane tinme the nobile term nal becones tenporarily disconnected fromthe
network, the nobile termnal is unable to retrieve data fromthe TCP

wi ndow. As the data is sent to the TCP wi ndowd®n the fixed host, the TCP

wi ndow fills. 25 Once_the window fills, it becones unable to, store an

more data. This wi |fixed hostscorcetiboth@langs.and pebidfskermirak cawlq ess
frequently. After rigerssiivigr phendptdsputssry hostyi Ahdahthe 1ikewit for
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sol ved by the M- aGp{ ke TEHIAN. W the | MB- i Sfdnag 'Ehe:LVE aﬂ&nitér&ﬁe-ger and

its M--agent can 35 be | Ierren t up t ers at
WO 97/ 04611 agents 103 are ;mfl@ at t e%lsi 9.8& Eg% 36 fi xed

hosts or at both plMaizkle ARdlbyer 1081 rEhey hawve ltbeafoéllbuim Pingtdons:
conputer, host, and the jikeggkl Qacﬁlmé'@ﬂ@ UeniNa1t BB0PLEGL Ptérea at t%-xe

mplementatlons of the M--ggent on the MeR protagcol architecture of
wirel ess LAN. The ¥R RfEHISeEnageR. 1the eP‘Fr%raﬁ“é‘ anageht §°io%r%ar"e‘=%& It at
the MSRs 102 onot opreXmiresl Agent (T-agent) which represents the mobile

terminal 100 in the network (the T-agent can also be
created or assigned in a remote way, e.g., by a remcte
personal agent or terminal agent; in this case, it is a
called floating terminal (FT)~agent). After the T-

15 agent’s associated mobile terminal 100 logs in at the
service area of the MSR 102, the FT-agent 303 associated
with the mobile terminal becomes an acting terminal
agent. The relationship between a T-agent, M-agent, TF-
agent and MF-agent is illustrated in FIG. 22. A T-agent

20 performs the same functions as the M-agent, but the T~
agent represents a specific mobile terminal, whereas and
M-agent represents a specific mobile user. The same is
true for an MF-agent and a TF-agent. (See above section
entitled "Mobile Floating Agent Concepts" for a

25 description of Floating Agent functions and protocol).

2. The T-agent "snoops" or monitors the traffic
between its mobile terminal 100 and the fixed net.
Whenever the wireless link is disconnected, that is,
whenever its mobile terminal 100 is not responding, the

30 T-agent takes care of the communication to or from the
fixed net on behalf of its mobile terminal.

3. The T-agent manages a secondary cache and
mobility information of its mobile terminal 100.

4. If a mobile terminal 100 is going to move to

35 an area or cell serviced by another MSR 102 (this can be
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t he MF- agentlﬁhnager 183Gi n23 rghows an exemplary implementing of the MF-
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25

30

agent 1901 on top of the I-TCP 1903 at an MSR 1905, in
accordance with one aspect of the invention.

The Mobile Floating Agent in Cellular Systems

Referring to FIG. 24, a conventional cellular
architecture generally comprising a Mobile Switching
Center (MSC) 140, base station systems (BSS) 135 and
mobile terminals 100. The BSS 135 can be subdivided into
different subsystems, such as, the Base Station
Controller (BSC) 130 and Base Transceiver Station (BTS)
120. The service area is divided into cells. Each cell
is covered (i.e., served) by a BTS 120 operating on a
set of radio channels which are different from the ones
used in neighboring cells in order to avoid
interference. A group of BTSs 120 is controlled by a
BSC 130 which also controls such functions as handover
and power control. A number of BSCs 130 are served by
an MSC 140. The Gateway MSC (GMSC) 140 controls calls
to and from the Public Switched Telephone Network (PSTN)
150, Integrated Services Digital Network ISDN 160,
Public Data Network (PDN) 170, and the like.

€e above section

3.



other MSR 102 to create an M~-agent for its nmobile 5 termnal and to

manage the handover process. 5. Upon I ogging in by the mobile term nal
100 at the new area, the M~-agent is active .as a T-agent and sends a
nessage back to de-activate the previous T- agent. 10 FIG 23 shows

an exenplary inplenenting of the M~ agent 1901 on top of the I-TCP 1903 at

an MSR 1905, inwiremasgiance with one aspect of the invention. Tieas¥Ebdoos
Floating Agent in Cellular Systens Referring to FIG™ 24, a conventi onal

cellular 15 architecture generally conprising a Mobile Switching Center
(MSC) 140, base station systens (BSS) 135 and nobile term nals 100. The BSS
135 can be subdivided into different subsystegns, such as, the Base Station
Controller (BSC) 130 and Base Transceiver Sfdtion (BTS) 20 120. The

service area is dgﬁbdggotg&glg?l‘%hga.‘legﬁgﬁg ggﬁ, i\}\ffﬁig ygLd (i.e., served) by

a BTS 120 operating on a set anne are different fromthe
ones used in neighboring cells in order to avoid interference. A group of

BTSs 120 is control | edrig. aaﬁﬁishdﬁECtﬁaocuhbghtﬁbﬁén(EBMr plotoeagh functions
as handover and p A nunber ;of BSGs, 13 rved by .a

120, The. Gat ovay’ REERIERRRESS 2%, BHERGH1Shar | STed 05 Haterente BUBFF cis

Swi t ched Tel ephonélﬁetm(hs‘mﬁsﬁeﬁil andg2sB cals Siameﬁaasnbegbe‘.Weébt wor k
| SDN 160, 30 5 PughiécwDeétedietnuy IarER@NLcénZPe é‘ﬂé‘vé he iﬂek jor WO 97/04611

the conventional CoUERFERCE aretyash b8 AEb Tofel 4k thage el show
ref erence nodel iBetwgnkstmmnectﬁrGSmZEnaanmeSEhmmuseteb&hb&n@et ween 5
the Wreless LAN gighhi £fhd' L RO0%Rpardbe ABEDSrk.
In accordance with the invention, one of the
10 possible ways to implement the MF-agent 133 and MF-agent
manager 134 is at the Base Station System 135, as shown
in FIG. 25B. The MF-agent 133 can also be used to
support Distributed Mobility Management Functions and
distributed HLR, visitor location register (VLR) and EIR
15 (Equipment Identity Register) functions. For support of
mobile data service, the Mobile-API layer 200 should be
added at the mobile terminal 100.
The MF-agents can also be implemented at a gateway
router between an MSC 140 and the Internet. 1In this
20 case, they perform functions similar to those described
in the section on Protocol Architecture.

Conclusion

A mobile virtual distributed system architecture
with the notion of a mobile floating agent to support
25 global mobility and computing has been disclosed.
The introduction of service and resource mobility
demands new requirements on personal/terminal mobility
management support. Traditionally, personal/terminal
mobility management included functions to passively keep
30 track of the location of the users/terminals and to
maintain connections to the terminals belonging to the
system. An aggressive mobility management scheme,



difference between the OSI nodel and the cellular network architecture is
that the latter uses outband signalling via a separate network. In
accordance with the invention, one of the 10 possi bl e ways to inpl enent
the M- agent 133 and MF-agent nanager 134 is at the Base Station System
135, as shown in FIG 25B. The Mragent 133 can al so be used to support
Di stributed Mbyg nagement Functions and distributed HLR po1/sES/0090S
| ocation register (VLR) and EIR 15 (Equi prrent I'dentity Regi ster)
functions. For support of nobile data service, the Mbile-API |ayer 200
shoul d be added at the nobile termnal 100. The M- agents can al so be

I npl emented at a gateway router between an MSC 140 and the Internet. In
this 20 case, they performfunctions sini P8 to those described in the

section on Protocol. Architecture. Co Lon A ile. vir di stributed
systen1architectu?%}éééan. c#&?ﬁoﬁ°§$i§E¥mﬁﬁ73§%q%§§iﬁﬁf %éght to support
25 gl obal nobi | devekopedonpuPreginhiveobiliny dManagement (PMYHLA%$ on of

service and resou§sgorBiid igrevisiBigs {8Wis&dWd YPradictornReEqRRRS/ t er ni nal
nmobi*l ity managenent support. Traditionall er sonal '

y ét&ynnm pobi ity
management i ncl udtFd & mebilespger A Y 9 L8 VUBPTtfe | ocation
of the users/$er monémerdnthilstory patternsnnections to the termnals

bel onging to the syst Y L |k Ayys , WO
07/ 04811 ! e onitidlaBioh 6e Bk B IPINGSRANG BGRREC. | L

predictive nobili$oneeRtsdtidi thesPredictive maRidity Bapagepedt aPYity
Managenent (PW), £@f sdeiddahdpiresbarice ypreé-carrutijement.edThe datafor ure
ocation of a moble Sl A2°YURnhactDE HEFack il ST ThehabOrY
10 location before the user moves into the new location.
As a result, the user can get his/her service or data
accessed with virtually the same efficiency as at the
previous location.
The present invention has been described by way of
15 example, and modifications and variations of the
exemplary embodiments will suggest themselves to skilled
artisans in this field without departing from the spirit
of the invention. The preferred embodiments are merely
illustrative and should not be considered restrictive in
20 any way. The scope of the invention is to be measured
by the appended claims, rather than the preceding
description, and all variations and equivalents which
fall within the range of the claims are intended to be
embraced therein.



The conbination of the nobile floating agent concepts with the predictive
nobi | ity nanagenent allow for s pre-arrangenent. The

data or services are pre-connecte t he new 10 | ocati on
before the user noves into the ne ‘ul I result t he user can get
hi s/ her service or data accessed e sane efficiency as at

t he previous | ogeidrpisia The present |nvent|on has been descri be¢rakossusosof
15 exanpl e, and nodifications and variations of the exenplary enbodi nents

wi || suggest thenselves to skilled artisans in this field wi thout departing.
fromthe spirit of the invention. The preferred enbodi nents are nerely
illustrative and shoul d not be consi dered rfﬁtrictive in 20 any way. The
scope of the invention is to be neasured b he appended cl ai s, rather

than the precedi g @@gsription, and all variations and eqU|vaIents whi ch
fall within the range of the clainms are intended to be enbraced therein.
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1. A net hog f’f uli st i hetheg &tmﬁti&ﬁf]a&xfgeﬁﬁgdrkeseww&s tghe@ Mmobi | ef
user in a nobile commnication s m..t he .tethg npr|S| steps o

5 provi di A T he ﬁ% Pe® B HFeF Afh & F‘P?EE ‘H?i ing on a
honme fi xed host (ﬁyaﬁgmuethedmethwﬂrﬂonpnﬂaﬂng:mbensbepe q@er is or will be
travelling tg a desti Q%waiﬁaaéné smcms.tfé ket HEEH semasf‘ﬁlﬁf (e gk

fixed host or router aSSI nt request” fromthe
M agent to at Iea?g‘ted&jl"énﬁoﬂ?‘lﬁ ??’B%t#%f!@%s 2§ é'n ﬁ’éger executing on a
correspondi ng one of seterminingcthatthe friokddehuserois ramtwill deat ed at
the destination; travelling to a destination that is outside a service
area of the home fixed host or router;
10 sending a pre-assignment request from the M-agent
to at least one mobile floating (MF)-agent manager
executing on a corresponding one of at least one remote
fixed host or router located at the destination;
establishing a mobile floating (MF)-agent for use
15 by the mobile user at each of the at least one remote
fixed hosts or routers; and

using the M-agent to send data or service
information from the service area of the home fixed host
or router to the MF-agent at each of the remote fixed
20 hosts or routers.

2. The method according to claim 1, wherein the step
of establishing the MF-agent comprises the steps of, at
 each of the at least one remote fixed hosts or routers,
if no preexisting MF-agent exists at the remote
25 fixed host or router, then creating the MF-agent for use
by the mobile user at the remote fixed host or router,
otherwise assigning the preexisting MF-agent for
use by the mobile user at the remote fixed host or
router.

30 3. The method according to claim 2, further comprising
the steps of:
registering the alternatively created or assigned




establishing a nobile floating (M)-agent for use 15 by the nobile user
at each of the at |east one renpte fixed hosts or routers; and using the
M agent to send data or service information fromthe service area of the

heme fixed host or router to the V\f’mﬂmmu “m' f the renmote fixed 20
hosts or routers. 2. The et hod X ﬂ m 1, wherein the step of

*

est abl i shing t RgoMpegggent conprises tiie Steps of ,* at each of teI/sEDs/b9ESt
one renote fixed hosts or routers, if no preexisting M-agent exists at the
remote 25 fixed host or router, then creating the M-agent for use by the
nobi |l e user at the renote fixed host or router, otherw se assigning the
preexi sting MF-agent for use by the nobile user at the renote fixed host or
router. 30 3. The met hod according to cdmim 2, further conprising the
steps of: ‘registering the alternatively created or assigned 41 M- agent
with a forei gn ad@magent) withaa cfoxeiagmagentot(FA)i logatedtarthemenoteand

wherel s the establmemr o L R ToLant Lon. T a7 _apabl inq t he

M agent to establish 5%"&?3%5%3?% i q}“}etm: \ﬁef’ﬁ%t ﬁé"’W/Fg%ﬁg%'.aQﬁ’& The

nmet hod accor di ng mamagiea rtDStham&g'ente,aMhmimg:ha_t eshablisiments ateplly

processes, execulilay gl EﬁfG?ﬁé@f&Pffdﬁ‘%ﬂal%rﬂhg Ehéeﬂ-Qggﬁ'?OEorOUte“ for
t reso

10  conmuni cating and .connecting w ocal .resources a of nmanagi ng a
vari abl e repli cattd¥adddshdar fabarconsistency ddm With the MFzagent.- 5. The

met hod according to claim3, wherein the M agent includes a set of
processes, execut4i.ng el Q\%tﬂgae_according to claim 3, wherein each MF-
agent includes a set of processes, executing on the
corresponding remote fixed host or router, for
10 communicating and connecting with local resources and
for managing a variable replicated secondary data cache
on behalf of the M-agent.

5. The method according to claim 3, wherein the M-
agent includes a set of processes, executing on the home
15 host or router, for communicating with each MF-agent.

6. The method according to claim 3, further comprising

the step of using one of the MF-agents to perform acting

mobility (AM)-agent functions in response to the mobile

user having logged in at the remote fixed host or router
20 that corresponds to the one of the MF-agents.

7. The method according to claim 6, wherein the step
of using the one of the MF-agents to perform AM-agent
functions includes the steps of:
determining that the mobile user is or will be
25 travelling to a second destination that is outside a
remote service area of the remote fixed host or router
that corresponds to the one of the MF-agents;
sending the pre-assignment request from the one of
) the MF-agents to at least one other MF-agent manager
30 executing on a corresponding other one of at least one
remote fixed host or router located at the second



15 host or router, for conmunicating wth each M~ agent. 6. The net hod
according to claim3, further conprising the step of using one of the

MF-agents to performacting nobi TTTy (AM=agent—funetions in response to

t he nobi |l e user having | ogged |n. | xed host or router 20
that corresponds to the one.of th I“ﬂ ﬁmmﬂm The met hod according to
claim6, whereiwgdigggiiep of using I\/F agent s t eCISEDSN09S
AM agent functions includes the steps of: determnifig that the nobile user

is or will be 25 travelling to a second destination that is outside a
renote service area of the renote fixed host or router that corresponds to
the one of the MFagents; sending the pre-assignnent request fromthe one
of the MF-agents to at |east one other M- afnt manager 30 executing on a
correspondi ng ot her one of at |east one renpote fixed host or router |ocated
at the second destdnationii on; establishing a second MF-agent for use by
the nmobile user at eadstabliBhifg éaeﬁdommmqehe fbxeds@cn}a:n@r routers

| ocated at the s nd destination;

MF- agents to sen 8’51 T g\ﬁ%es% 83": }aet |ag’nlfra%r§ﬁ Eﬂs ?%Le VI ce area
of the renote flﬁsﬁﬂﬁb§m'GputsHSeloQQthugtoﬁherSBFOBQeﬂ@sténaﬁiﬂm:oﬁndhe
remote fixed dosts or deﬁwgeﬁ:ael Bﬁét@ﬂt’ﬁe t:dreageﬁeadtdeasém&iaﬁnorlo 8.

The net hod accordi r;_g’ |m 6 furé ri stng t he, Steafrsse of : %’-ﬁ each
MF- agent, starti rif SERAERGR (1R RECVEELYEGE 3neR, P PRt i vel y
created or assigyngmdta'ﬂiaedbyosheormnputaruierFbandtper MF-agenftomteach
MF-agent, resettiQgupnRg thaPPeotd Eifdd TRERENBENPoht 8PS 1dbdteaPatSenko the

nmobi | e user
second destination.

10 8. The method according to claim 6, further comprising
the steps of:
for each MF-agent, starting a corresponding timer
when the MF-agent is alternatively created or assigned
for use by'the mobile user; and
15 for each MF-agent, resetting and stopping the
corresponding timer in response to the mobile user
having logged in at the remote fixed host or router that
corresponds to the MF-agent,
wherein each MF-agent is deactivated whenever the
20 corresponding timer reaches a predetermined value.

9. The method according to claim 6, further comprising
the steps of:

for each MF-agent, when the MF-agent is
alternatively created or assigned, initializing a

25 corresponding parameter that indicates how recently the

MF-agent has been used;

for each MF-agent, updating the corresponding
parameter whenever the MF-agent is used by the mobile

user; and .

30 when resources at one of the remote fixed hosts or
routers need to be reclaimed, then performing the steps
of:

identifying all corresponding MF-agents for



having | ogged in at the renote fixed host or router that corresponds to the
M- agent, wherein each MF-agent is deactivated mhenever the 20
correspondi ng timer reaches a predete E The net hod :
according to claim6, further conprisaﬂuiﬁﬂ““ﬂuuﬂul ““ for each M- agent,
when the MF-agent is alternatively created of assigndd, initializing a 25

correspondi ng PRbIBeei that indicates hom/recently the MF- ag T/ E96/00065 N
used; for each M--agent, updating the correspondi'ng paraneter whenever the

M- agent is used by the nobile user; and 30 when resources at one of
the remote fixed hosts or routers need to be recl ai med, then performng the
steps of: identifying all correspondi ng M- agents for 43 the one of the

renote fixed hosts or routers; selecting oné3of the identified M--agents
that has a correspondi ng paraneter that indicates that the sel ected one of
the identified Mthgyames afsthrerepate fixed hashs pru¥eytersal| of the

!geniiiieg % agents; igd _r?ﬁqleatmr:]@goﬁesm?@ ::fdmﬂ:hedsutesgeﬂt@nazﬁ the
identifie ag e or €
conprising the st%e% S OrfFePON imgS%%EﬂC% égng%‘gq% ?‘F’gﬁ‘%ﬁeﬁeﬁﬁ%gt{?? omthe
nmobi | e user to trﬁﬁlfﬂﬂt@c’gmmgeﬁtthanbﬂmtiﬂalaﬁ)ﬂ@’e'atg@nﬁ:écéﬁptheflemt

registration g eqy@sdantitly tdg%aeof Saf] éf aﬂé%rﬁdé:paﬁbar ﬁﬁ-aeénéae &g | e
user, then sending, fron1the e nobil e user { rmation and

a link for accessing the NFE&ééﬁ?gnil eﬁ?ﬂ??ﬁﬁiﬁﬁf“b&gﬁrﬁﬁﬁﬁcF% cPBe Rf
wherein the step the identified MF-agents.

10. The method according to claim 3, further compr1s1ng
the steps of:

10 sending a registration request from the mobile user
to the foreign agent; and

in response to receipt of the registration request,

if there is an MF-agent registered for the mobile user,
then sending, from the FA to the mobile user, a

15 confirmation and a link for accessing the MF-agent.

11. The method acéording to claim 1, wherein the step
of sending the pre-assignment request from the M-agent
to at least one mobile floating (MF)-agent manager
executing on the corresponding one of at least one

20 remote fixed host or router located at the destination
comprises the steps of:

identifying the corresponding remote fixed hosts or
routers located at the destination; and _
sending the pre-assignment reguest from the M-agent

25 to each of the MF-agent managers executing on one of the

identified corresponding remote fixed hosts or routers,

wherein identifying the corresponding remote fixed
hosts or routers located at the destination comprises
the steps of:

30 (1) determining a mobility density m, wherein
m is a number of cells that have been passed by the
mobile user during time r1,;

(2) defining a circularly shaped geographic



of sending the pre-assignnent request fromthe Magent to at |east one

mobi l e floating (M)-agent nmanager—executing on the correspondi ng one of at
| east one 20 renote fixed host or router |located at.-the destination

conprises the steps of: identifyi ngmnmﬂmuﬂﬂwrmu g renote fixed hosts or
routers | ocated at the destination;: pre- assi gnment request
fromthe M ageniwgdrueiio each of the "MFSagent” nénaders execut i pgr/sEv60ees of
the identified corresponding renote fixed hosts or routers, wherein

i dentifying the corresponding renote fixed hosts or routers |ocated at the
destination conprises the steps of: 30 (1) determning a
nmobility density m wherein mis a nunber of cells that have been passed by

the nobile user during tinme [err]; (2) defidng a circularly shaped
geographic =~ 44 | ocation centered at a currept_|location of the il e user
I having a radi JOCRELAR FETHEERE [t BnRUFEPRE (PG Eias af coe mePasEe and
is a hierarchic faserranéfhaeithd\a radinsmieinb{hamtt J ,Seheredtnbd dmea

M-- Agent Manager ; i deqt LV k| osts
o routers that afeivide distance and ¥ is €°fietdidiic Yoditlt bErhEE by

| ocation. 12. Thethet RuEbex @f @eids FeZVirm by ope & -TAg ¥anpgeri sardi ng

]Elhe pre- a?;IF )glsrrent request {3pmidentiitagdagt tA reﬁ&e’ltfdi!a&ashoeaef epbi : e
oati ng -agent.managgr_.execut.i ng,o rLespondi ne at, | east
one renote fixed FOSFEHP Ttk &4 &gﬁ%é:&aa%’gﬁﬂggd‘[élﬁ i%‘f"@%z@gnﬁﬁfggé t he
steps of: identif geographiccleeatiiondi ng renote fixed hosts or 15 routers

| ocated at the destination; and sending the pre-assignnent request fromthe

M agent R .
g 12. The method according to claim 1, wherein the step

of sending the pre-assignment request from the M-agent
10 to at least one mobile floating (MF)-agent manager
executing on the corresponding one of at least one
remote fixed host or router located at the destination
comprises the steps of:
identifying the corresponding remote fixed hosts or
15 routers located at the destination; and
sending the pre-assignment request from the M-agent
to each of the MF-agent managers executing on one of the
identified corresponding remote fixed hosts or routers,
wherein identifying the corresponding remote fixed
20 hosts or routers located at the destination comprises
the steps of:
sending a message from the mobile user to the
M-agent, wherein the message designates the destination;
using the M~agent to identify the MF-agent
25 manager that is executing on a remote fixed host or
router that is located at the destination.

13. The method according to claim 12, wherein:
the message further includes a designated time that
the mobile user will be at the destination; and
30 the method further comprising the step of
transferring data from the M-agent to a secondary cache
'of the MF-agent, wherein the data transfer is performed
at a time that has a predetermined relationship with the



tq each of the MF-agent managers executing on one of the identified
correspondi ng renote fixed hosts or T ; ' ntifying the
correspondi ng renote fixed 20 host s ' ed at the destination
conprises the steps of: sending a msJﬂ“ﬂBﬂ&M”ﬁiﬂrﬂ il e user to the

M agent, wherein the nessage designates £0Nn; using the M agent
to identify thavdoryegant 25 manager that is executing on a oosd
host or router that is |located at the destination. 13. The nethod according
to claim 12, wherein: the nessage further includes a designated tine that
the nobile user will be at the destination; and 30 t he met hod
further conprising the step of transferring data fromthe Magent to a
secondary cache of the MF-agent, wherein tH#&® data transfer is perforned at
a tinme that has ?ﬁgnede erg%ned relationship with the 45 desi gnat ed
time. 14. The nefRSd98BEERJFHME10 claim 1, wherein the step of sending the
pre-assi gnnent request fromthe Magent to at | east one nobile floating

(M) -agent managql, SrRECHUthY fikdAingOtbCaRRM! 10 HErdin And Hidlp ONC

renote fixed host or route e destinatlon conp st eps
of : identifying PheSepAingpbheinre-assdgnnenkcyequest &ron heM-agant ed at

the destinati OE; tfandﬁlﬂ!east one Siled £ibatiheg- (MB) SaGENt ﬁfmgf]&t ;rom ]E hed
M agent to each of the.M:-agent nanager ecuting en of, the identifie
cor r espondi ng’ r er%‘ﬁguﬁggdgﬁo@f% cc?r’&%ﬁ’?@?éf'gm%é?e?ﬁ ?ﬁgﬁ?ﬁfyi‘mf t he
correspondi ng reXemote| fineddwest or routerslpoateddatit thedertsinatdcnon
conprises 15 tk@mpieBesOthe (doepiClogism Ning a nobility density m wherein
identifying the corresponding remote fixed hosts or
routers located at the destination; and
10 sending the pre-assignment regquest from the M-agent

to each of the MF-agent managers executing on one of the
identified corresponding remote fixed hosts or routers,
wherein identifying the corresponding remote fixed
hosts or routers located at the destination comprises
15 the steps of:
(1) determining a mobility density m, wherein
m is a number of cells that have been passed by the
mobile user during time 7,;
(2) defining a circularly shaped geographic
20 location centered at a current location of the mobile
user and having a radius d=int(h*m¥7_,), wherein 4 is a
service distance and h is a hierarchic factor defined by
the number of cells serviced by one MF-agent manager;
(3) predicting a movement track (MT) or
25 movement circle (MC) of the mobile user; and
(4) identifying the remote fixed hosts or
routers that are located on the predicted MT or MC
within the circularly shaped geographic location.

15. A method for distributing network services and

30 resources to a plurality of mobile users in a mobile
communication system in order to ensure that at least
one mobile floating (MF)-agent is supporting each mobile
user, the method comprising the steps of:



mis a nunber of cells that have be assed by the nobile user during tine
[err]; (2) defining a circularly shaped geograpni | ocati on centered

at a current |ocation of the nobile uﬁ radi us
d=int(h*nmf[err]), wherein d is a serv mmﬂmgﬂgmﬁugh is a hierarchic
factor defined by the nunber of cells erwige MF- agent manager; (3)
predi cting a nowgweded rack (M) or 25 novenment circle (M) pet/stsemesosbi | e
user; and (4) identifying the renote fixed hosts or routers that are

| ocated on the predicted MI or MCwithin the circularly shaped geographic

|l ocation. 15. A nmethod for distributing network services and 30 resour ces
to a plurality of nobile users.in a nobile connunlcatlon systemin order to
ensure that at |east one nobile floating (MH -agent I S supporting each

nobi | e user, the neth%d co |s ng % 531 WO 97/ 04611

PCT/ SE96/ 00905 46 f or Qﬁcﬁ e°5$ ? gsﬁbFP GsBPETS(1) deternining a
nDbiIity density m wherei i i determintieng afmobﬁlstyhéﬁnﬂﬂ%enbeuhepeined by
the mobile user guyeNg hiiBekcoflcefls that have nhéh plelddin0theli reularly

shaped geographic Iocatlon cent gg current |ocation of "the one of the
mobi | e users and WP} 8y UEEr B1EANY S iftg H’hnf[err]) wherein d is a service

di stance and 81 is a hi erarqb) c defiminglaf bhdumarnyesmrga‘graphie
rorts ot Thuters SratUEncopRtaPBieEn SR LR S BCehr
| ocation; and (4)jtheemobilpshseys andhavdng Gatﬁﬂguﬂ\ﬂlj’ ﬁﬁ&ﬁm‘*‘ﬁ for use
by the nobile usqhe¥einaahisfatservitniditafice and h is a hierarchic
factor defined by the number of cells serviced by one
i0 Mr-agent manager;

(3) identifying the remote fixed hosts or
routers that are located within the circularly shaped
geographic location; and

(4) establishing a mobile floating (MF)-agent

15 for use by the mobile user at each of the identified
remote fixed hosts or routers.

16. A method for distributing network services and
resources to a plurality of mobile users in a mobile
communication system in order to ensure that at least
20 one mopile floating (MF)-agent is supporting each mobile
user, the method comprising the steps of:
for each one of the mobile users,
(1) determining a mobility density m, wherein
m is a number of cells that have been passed by the
25 mobile user during time 7,;
{(2) defining a circularly shaped geographic
location centered at a current location of the one of
the mobile users and having a radius dzh*m*7_,, wherein 4
is a service distance and h is a hierarchic factor
30 defined by the number of cells serviced by one MF-agent
manager;
(3) identifying the remote fixed hosts or
routers that are located within the circularly shaped
geographic location; and



renpote fixed hosts or routers. 16. A nethod for distributing network

services and resources to a p|uralTTSFTﬁ“#ﬁﬂﬁ4+}4£%¥4;J n a nobile

comuni cation systemin order to en | east 20 one nobile
floating (MF)-agent is supporting ﬁ% ﬂ" “l he met hod conpri sing
the steps of: for each one of the Mdetermning a mobility

density m wher ewo9wndésr a nunber of cells that have been passe .
nobi | e user during time [err]; (2) defining a circularly shaped geographic
| ocation centered at a current |ocation of the one of the nobile users and
having a radius dlerr]h*m‘[err], wherein d is a service distance and h is a
‘hi erarchic factor 30 defined by the nunber of cells serviced by one

MF- agent manager; (3) identifying the renoted4?ixed hosts or routers that

are located within the C|rcularly shaped geographic | ocation; and WO

97/ 04611 estab 1shigng a mohdies£dentdnes(ME) -(aagent

establ i shing a notidre \fdwwl ﬂne(zwbimamerf Qt l&?wat l&ﬁe”&&éh@iﬁfﬁd
routers

each of the |dent|%§gt %. % host s_.or
di stributing net vvo’{ er vi Ces or XUhfithes to a plurality of m)bl I e
users in a nobile conmuni-cation systemin order to ensure that at 1east one

mobi | e f1 oat |h N9 (). - aA0RBLhOS £UiPRIISHELAAHY Qg:%gbgggrégfvi%@ 4tRj hod
E:%mrld; Q?rr;[ ning a %ss“g’g'ﬁef%agﬁgﬁ’ %ﬁ'ﬁ%é{}eﬂ? 1esugeRsnbRra grokide s t hat
have been passed wmmummoe smemwn oyaerio] enspire( Rhaticdt Miawst '
circularly shaped g3ROgoBRRECE10ating (MF) -~agent is supporting each mobile
user, the method comprising the steps of:
for each one of the mobile users,
io (1) determining a mobility density m, wherein
m is a number of cells that have been passed by the
mobile user during time r,;
.{2) defining a circularly shaped geographic
location centered at a current location of the one of
15 the mobile users and having a radius d=int (h*m*7_),
wherein d is a service distance and h is a hierarchic
factor defined by the number of cells serviced by one
MF-agent manager;
(3) predicting a movement track (MT) or
20 movement circle (MC) of the mobile user;
(4) identifying the remote fixed hosts or
routers that are located on the predicted MT or MC
within the circularly shaped geographic location; and
(5) establishing a mobile floating (MF)-agent
25 for use by the mobile user at each of the identified
remote fixed hosts or routers.

18. A method of distributing network services and
resources in a wireless local area network having first
and second mobile support routers (MSR) and a mobile
30 terminal, the method comprising the steps of:
in the first MSR, creating a first terminal agent
(T-agent) for representing the mobile terminal in the
wireless local area network;



| ocation centered at a current |location of the one of 15 the nobile users
and having a radius d=int(h*n¥r[err]), wherein d is a service distance and
h is a hierarchic factor defined by the nunber of cells serviced by one.

Me- agent nmanager; (3) predicting a ) or 20 novenent
circle (MC) of the nobile user,; (4)ﬂmmF“IlHﬂm renote fixed hosts or
routers that arggegsdifd on the pr edt cted MI Mor SI\/C* Wi t hin t he poT/SEYdeRdsy
shaped geographic location; and (5) establishing a nobile floating
(MF) - agent 25 for use by the nobile user at each of the identified renote
fixed hosts -or routers. 18. A nethod of distributing network services and
resources in a wireless |ocal area network having first and second nobile
support routers (MSR) and a nobile 30 ted® nal , the method conpr|5|ng t he
steps of: in the first MBR . cre a first tern1na| a ent (T-a for
representing the nobi Pélf‘grm'ﬁaﬁ’ﬁ’r‘ e iload eT'EsBr'Fo%%Fa #ﬂﬁgg b VO
97/ 04611 mobile terminal data from thePfIté%E%smom)&.hﬁB sas:bng t he

first T-agent topype f e n1the
first MSBRto the seco d&'%ggg ir%{e&;tt ?nggtBEiL gi&&gkﬁ% ?ﬁgatl ng (M) -agent

nmanager, | ocat ed HANa@eE ssLER 1/8’3 the.geeond NERq eHRate an W‘Pﬁénﬁnbl e
termnal; andg harﬂsmg;hev:nbbimrmﬂrﬁul soanaf the nobile termnal fromthe

Tagent Lo the M 0CRuniED e TMeBah EhULOR] ol LAY SRl " SARRMRES, 2 ©3
agent nmanager i s Engyp&hecP-agent fishithe Hﬁrégﬁét ﬁh%@d%k# mabije ayer of the

vmhre:c ess | ocal arRanigaWOhkrivés iha ERrv9deasfos loNOth® sdctin® UBR.Wherein
t he I rst

19. The method according to claim 18, wherein the MF-
10 agent manager is supported by a mobile internet protocol’
(IP) layer of the wireless local area network.

20. The method according to claim 18, wherein the first
T-agent manages a cache and mobility information of the
mobile terminal.

15 21l. The method according to claim 18 further comprising
the step of, upon logging in by the mobile terminal at
the service area of the second MSR, causing the MF-agent
to act as a second T-agent and to send a message to
deactivate the first T-agent.

20 22. An apparatus for distributing network services and
resources in a wireless local area network having first
and second mobile support routers (MSR) and a mobile
terminal, the apparatus comprising:

in the first MSR, means for creating a first

25 terminal agent (T-agent) for representing the mobile

terminal in the wireless local area network;

means for using the first T-agent to pre-~arrange
movement of mobile terminal data from the first MSR to
the second MSR by requesting that a mobile floating

30 (MF) -agent manager, located in the second MSR, create an
MF-agent for the mobile terminal; and



T-agent nmanages a cache and nobility information of the nobile termnal. 15
21. The method according to claim 18 further conprising the step of, upon

I ogging in by the nobile termnnal 5?‘the~seLng§\gésgﬂof t he second MSR
causing the M~-agent to act as a se T-agent an send a nessage to
deactivate the first T-agent. @@ﬂ for di stributing

net wor k serV|cewogﬂd“ﬁpsources |n a rea net WO rfCIVSX96/00905

first and second nobile support routers (NBRV an nDblle termnal, the
apparatus conprising: in the first MSR, mneans for creating a first 25
term nal agent (T-agent) for representing the nobile termnal in the

w reless | ocal area network; nmeans for using the first T-agent to
pre-arrange novenent of nobile term nal dat®® fromthe first MSRto the
second MSR by requestln t hat |e floatin Q - agent nanaqer,

| ocated in the second™ g?’éi?@‘ﬁﬁ‘ﬁvﬁ-"&ﬁeﬁFp?S%ePﬁg{:%%i?gef[}lﬁ rﬂ%d‘que and
WO 97/ 04611 terminal from the T-agent to the MF-agenPCIWSEIN0905 49
means for handi ngogy¢e £§Pﬁﬁ§§i‘tﬁtﬁ%s0fmt BesgPPibe hPedi HfltHd ML
T-agent to the Me-agent when the nobile termnal arrives In a service area
of the second VoBSRE 23, The apparatus according to claim 22, wherein the
MF- agent nmanager is supported by a nobile internet protocol (IP) |ayer of

the wirel essgl ocg ar@ﬁe gﬁgggé%uéb%céggﬁiagpgga&gg?ﬁcggrﬁ*ﬂg&éfﬁ G m 22,

wherein the |rst T- agent nages, a cac ormation 10  of
the nobil e terni HEragent W%ﬁ&bérsaﬁ%’l’&é'ﬁﬂdpﬁgat@% 3eninternet ¢ her

conprising meanspro€686DS(YR) Iayedd @fNghenvwliyel88sNDOEAE drédrinmdtivork.t he
service area of the second MSR, for

24. The apparatus according to claim 22, wherein the
first T-agent manages a cache and mobility information
10 of the mobile terminal.

25. The apparatus according to claim 22, further

comprising means, responsive to logging in by the mobile

terminal at the service area of the second MSR, for

causing the MF-agent to act as a second T-agent and to
15 send a message to deactivate the first T-agent.

26. A wireless local area network (LAN), comprising:
at least one mobile terminal;
a mobile support router (MSR) connected to the
mobile terminal, the MSR including:
20 a mobile internet protocol (IP) layer; and
a mobile floating (MF)-agent manager,
supported by the mobile IP iayer, and having associated
mobile floating (MF)-agents; and
at least one fixed host or server connected to the
25 MSR.

27. The wireless LAN according to claim 26, wherein the
mobile IP layer includes an indirect transmission
control protocol layer for supporting stream oriented
end-to-end communication in the wireless LAN.



causing the M~agent to act as a second T-agent and to 15 send a nessage
to deactivate the first T-agent. 26._A wireless local area network (LAN)
conprising: at least one nobile termnal; a nobile support router (NMSR)

cqonnected to the nobile terninal, t t”mlm"j"'m n i 20 a
nmobi I e internet protocol (I1P) |ayer;ik m !HHHOating (MF) - agent
manager, SupporwaWraii he mobile IP I"ayér, "anl Havi*ng associ atPew/SEN0Hes
floating (MF)-agents; and at |east one fixed host or server connected to
the 25 MBR. 27. The wireless LAN according to claim 26, wherein the
nobile IP layer includes an indirect transm ssion control protocol |ayer

for supporting streamoriented end-to-end conmunication in the wirel ess
LAN. 50 28. A cellular conmunications sy em conprising: a nobile

termnal; a first _base station system.,incl.udi ng: base statjon
transceiver; 5 28 & °eiiﬁfﬁﬁ§é”§N£HQ§%188ﬁtgg?ﬁﬁ? ??pri%ﬁWQﬂl ing the
base station transcei aempbikantsedminad;eating a first term nal agent (T-

agent) for representiggﬁggﬁgnﬁgﬁéeﬁgéyigkﬂgyf%ggtQﬁFEEAiH&gr comuni cat i ons

system 10 usi ng [ ent“to nonitor traffic
bet ween the nmobile term naf Bate tHatiion §Frapsrahvesii ons network; means for
using the first T-agent toapb&se asttatiign conerobled§ £6P ot lingakhdat a

fromthe first 1%“ %gt?%’ﬁt{:é)&ssﬁégp_t 0 a second base station system by
e TTroatn -

b
requesting that a nﬁbgl Ngn dqgnt manager, |ocated in the second
base station system Creatgeahs r creating a first terminal agent (T-

agent) for representing the mobile terminal in the

_ cellular communications system;

10 means for using the first T-agent to monitor
traffic between the mobile terminal and the fixed
communications network;

means for using the first T-agent to pre-
arrange movement of mobile terminal data from the first

15 base station system to a second base station system by
requesting that a mobile floating (MF)-agent manager,
located in the second base station system, create an MF-
agent for the mobile terminal; and

means, for handing over representation of the

20 mobile terminal from the T-agent to the MF-agent when
the mobile terminal arrives in a service area of the
second base station system;

a mobile switching center, connected to the first
base station system, for controlling calls to and from a
25 fixed communications network;
means for creating a first terminal agent (-
agent) for representing the mobile terminal in the
cellular communications system;
nmeans for using the first T-agent to pre-

30 arrange movement of mobile terminal data from the first
base station system to a second base station system by
requesting that a mobile floating (MF)-agent manager,
located in the second base station system, create an MF-
agent for the mobile terminal; and

35 means for handing over representation of the



agent for the nobile termnal; and nmeans for handi ng over representation of

the 20 nobile termnal fromthe F—agent—to the M=-—agent when the nobile

terminal arrives in a service area of the second base station systenm a
nobi | e switching center, connected 1"”' ﬂuﬂ t& station system for
controlling calls to and froma 25 ''¥ L Bt i ons network; means
for creating a {goijosdsg’ M nal agent (T- agent) for representiqgnmﬁgﬂﬂﬂﬁgle

terminal in the cellular communications system neans for using the first
T-agent to pre- 30 arrange novenent of nobile term nal data fromthe
first base station systemto a second base station system by requesting
that a nobile floating (M)-agent manager, |ocated in the second base
station system create an M~ agent for theStobile term nal; and 35

means for handing over representation of the WO 97/ 04611

PCT/ SE96/ 00905 5Palidie derarippdafrencthe (Rragenfertio ithe MF-pgengcviiemhen t he

mobi | e tergw' nﬁl aHe \twbile terRinalearyvedlid e ﬁiﬁﬁﬂ% la&&lal slfat:ﬁ&n
system and the seco ase statikon system 5 29. The cellular

comuni cat i ons sysg%ceo%%a?’caosredF%Sgi"Snc?%’ﬁﬁ%,a%er ein the MFagent includes
a set of processes, edtdhaisergndnbage statinn mpsten.ati on system for
communi cating and connecting with | ocal resources and for managi-ng a

vari abl e repl ] cated secondar. ata 10 ache on behal f of the nobile
Lorminal . 30.5 Thétel IRHOACIIAR COPPEHEA AN, SYEEam AGGOELRY Fon 2,
wherein the M- agekain 128 ,usdkeraisethefMpbragss dncladesuta sgtoaft he second

base station systsiBedsles’O THRBLE Bh oh Ak GRINLHS HikeVisklAti 8 ALysEapyT ces
for communicéting and connecting with local resources
and for managing a variable replicated secondary data
10 cache on behalf of the mobile terminal.

30. The cellular communications system according to
claim 28, wherein the MF-agent includes a set of
processes, executing on the second base station system,
for communicating and connecting with local resources
15 and for managing a variable replicated secondary data
cache on behalf of a user of the mobile terminal.

31. The cellular communications system according to
claim 28, wherein the mobile terminal includes a mobile
distributed system platform for performing location

20 sensitive information management functions and for
performing predictive mobility management functions.

32. The cellular communications system according to
claim 28, further comprising a gateway router for
coupling the mobile switching center to the fixed

25 communications network, wherein the gateway router
includes means for creating a second MF-agent for
representing the mobile terminal in the cellular
communications system.

33. The cellular communications system accordiné to
30 claim 28, further comprising a gateway router for



15 and for managing a variable replicated secondary data cache on behal f
of a user of the nmobile termnal. 31. The cellular conmuni cations system

according to claim28, wherein tthcl udes a nobile
distributed system platformfor pe cation 20 sensitive

i nformati on managenent functions a M I predictive nmobility
management funcyigyies#2- The cellukar ns syst em FOIMSEN/S00S O

claim 28, further conprising a gateway router for*coupling the nobite
switching center to the fixed 25 comuni cati ons network, wherein the
gateway router includes means for creating a second Mr-agent for
representing the nobile termnal in the cellular conmunications system 33.
The cel I ul ar com‘rum cations system accordi nggto 30 claim 28, further

conprising a gate rout for | ing the bile swtching center
to the fixed co ﬁé‘ e Behli& s'\',ar@& %‘?@t&ﬁ?gﬂagh?oﬁ’éﬁé]i ncl udes
means for creati r@mmmuiowi ngmr]tprwltaruiase:hei ggteway arowter he nobil e
termnal in the § o] g ular
conmmuni cat i ons sys’% em acc%%éf‘%g orkhlcég1§ %assﬁ?c%g}inﬁ?heggﬁg% t erm nal

i ncl udes a nobi | FIRKAIAEANGN2 pRERK Pfndhe Moy ilgcserrinnl clmiihe f or

provi di ng a ®Mde @ ESnRgnicdE€idas & ambile 10 applications, the
nobi | e- APl including a mobile distributed systemplatformfor managi ng

| ocation- sensitive information, and for perform ng predictive nobility
managenent functidhs. The cellular communications system according to

claim 28, wherein the mobile terminal includes a mobile
application programmer interface (mobile-API) for
providing a common programming interface to mobile

10 applications, the mobile~-API including a mobile
distributed system platform for managing location-
sensitive information, and for performing predictive
mobility management functions.



