VO 96/ 13951

PCT/ SE95/ 0119 -1-.
METHOD AND AP@M lFCR DETECTI NG AND PREDPCIVSESS/01198
MOTI ON OF MOBI LE TERM NALS

BACKGROUND Applicants' invention relates to systens and

nmet hods for predicting 5 novenents of nobile radio transceivers, such as
nobi |l e cel lul ar tel ephones. A fundanental shift is occurring
that is noving nobile comrunication and conputing together into one

synergistic activity - nobile conputing - a niw di nrension in nobile
communi cati on networks. Future nobile comuni‘@ati on systens wl |
support electronic mail, database and fil e accessing services,.and 10

nul ti nedi a services in adMW@é@W&:EOm%AND

Due to non-uniformtraffic PREDICAINGIMATIONOFMABIEESTERMINALS: ent
geogr aphi cal areas, a |layered, or. hierarchical, cell architecture is a
prom si ng solution for future nmbiBACKGROUNDt i on systens. In
general, a hierarchical cell structure conprises qrthagonal_ cell

layers of different celppligas’/igvention relgtes to Systems and metheds forgpredictingi cal

area. A hieragchical t s a| BV ' cells
overlying mc Ocemogegl%ﬂs&%é%@eﬁa,&om%%}g, |§?|gj%‘b6l1’?l§ kfggu%gl@?@?rﬁésq
spatial extent, anong @ figidaglennbstiftiis otdurring Bae issmovingenobilenconanenitation an
area havi ng a nunber of channel groups or an identical code, and the
nom nal cell and gomputing together e pne FEIeEgistic aqivity -rAehilexnmputing -2 new 5

| ayer ed comuni catj on . e | [ L Af 2 e

pi cocel |, which i é‘%@ﬁf?glnwﬁ%‘@fo@r S, Gﬁc&ﬂiﬂ%ﬁgﬁﬁ e ?&@?@%&tﬁgaﬁ?ﬁm&r
second (M/s), whiysterhd\&ilt appori €l8dtronic mail, dathbasel and/ file adcessimpsareiced, lands on
the order of 10-100 kil obits per second (Kb/s). . .. Neverthel ess,
many chal | endPng msdtimedigsexviges in addidien £Q oxdipasy voicgfommunication; r anspar ent ,
conti nuous conmuni cat i f.Qr ] S :

boundaries of the di ff@r{lgn@ ‘P&ﬁd?ﬁ°§§§§gﬁ°$ﬁge’g%hﬁg‘?§?€| y an%a‘z%?f?fegnﬁration
of such wi r gesprapHiedl \Woedss a ilayehddy lok \hietgrehizal; cblt asshdectutecis prohdsing
term nal s can : change_positions and thejr radio environments can
change at any ti néolutipm for futire mobile cogimynication sxstems.; dn gaperal, aigrariigalcell

bet ween the cell L@’cﬁrgbcg}@%;s%g}rﬂf%ob : t&ée‘i’lglgyers of dFFRErARY deH 1Gheslsets! Yovering a

avai | abl e are not a users.
15 common geographical area. A hierarchical cell structure is commonly made up

of macrocells 6verlying microcells and picocells, which are distinguished by their
spatial extent, among other characteristics. For example, a picoéell is an area
having a number of channel grdups or an identical code, and the nominal cell
radius of a picocell is 6ften less than 200 meters. Ina layered communication
20 Syétem, the communication bandwidth of a picocell, which is commonly indoors,
can be up to 2-10 megabits per second (Mb/s), while the communication
bandwidth of a macrocell is 6n the order of 10-100 kilobits per second (Kb/s).
, Neverthéless, many challenging issues must be solved to support user-
transparent, continuous cqrximu_nication for both speech and data across the
25 bdundaries of the different cell"layers. 'The connectivity and éonﬁguration of
subh wireless networks is highly dynamic because the mobile terminals can
change positions and their radio environments can change at any time. Also, due
to. tﬁe large differences in bandwidth between the cell layers, the communication

networks currently-availablé are not transpar'ént for mobile data users.
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Conventional data caching and prefetching techniques are notPGISESOEI98 i n
this envi ronment . Cachi ng and prefetching are comonly *
used for inproving system. performance in | arge-scale distributed
conputing systens. Measurenents 5 I ndi cate that even snmall caches

provi de substantial benefits. Caches not only can reduce | atency but

al so can greatly reduce the volune of network traffic as well as the

nunber of server.utilizations in a client-3erver system Prefetching is
conpl enentary to caching, and successful prefetching of data to the |ocal

cache VCoivenfi6hia i dabKing A6 Préfeiching! tchriquds ard At é{g’ﬁfeﬁﬁm iy _
requested data is found in 10 “the cache. The |dea_o§ usi ng
caches to redwswioamency and network traffic i's based on t he

properties of tenpoxal..locality of data accessin atterns, of conputer

programs. This is 0@%@@ ?rﬁ}(efﬁmtg Wa?om%ﬁ@ﬁémgg)ﬁ%tr QVIR SY#FYe- Scal e
Shar ed- Menory dr!nﬁﬁ&cﬁslﬁfg@%balbmté@doﬁ? Systunts.” M¥alh ting 15
Surveys vol. 25, no. 3, pp.-303-338 (Sept. 1993). Tenporal locality neans
t hat 5 datindicatedhat| even small caches provide sepstantial benefits:| Cachesinot avlycsaned

Garathat  haydoRisedatensy b ean' By ReduBfhe Flte, RnckiouCradi o ot o0

accesses to thg meBmYet of @averiwilaishsad a client-sérogedysientVi Phereichardist | onal

network traffic. Wth a well -managed cache,. a 20 substanti.al arfount of

renpte data complemeniaydesaching, andugesssiil prafetching of data tocthe ilogab cagheas

copi es of "shartl spease the et -t e BBY. b Rendy RESKE Bia S ofency
of the cop es thédsches di scussed in the above-cited Lilja publication.

When cached data are npdified, the changes 25 .nmust be effected in all
copi es, local and rBieoidea obpsing gachestamredves lasnsy aagmetwork trafiotis basedeon

schenes can be i kes sj sLent dj to.the
data sharing: 3‘&@%@%@23@”{’%{ ﬁ’gn%hﬁt% g?r%ﬁn%ﬁé%@#e&g%ﬁéﬁ é{' _ %,
distributed programygstThis is described iy DODiljal, CTackk CoRdtAt® inMeRbaSBAle 2
tactical bal ance between . consistency, transparency, and network
traffic vol unShared-Memory Muluprocessprs:_ Issues and Compa_nsons, ACM Computing
15  Surveys vol. 25, no. 3, pp. 303-338 (Sept. 1993). Te_mp_oral locality means that
data recently accessed by a program are likely to be accessed again' in the near

famre. Thus, a local copy, or cache, of the remote data that have recently been

accessed is maintained so that repeated accesses to. the same data can be handled
locally without additional network traffic. With a well-managed cache, a |
20  sybstantial amount of rembte:dﬁm can be accessed Wlth virtually the same
efficiency as local data. o |
" On the other hand, the existence of the multiple copies of shared data
introduces a problem of maintaining c_onﬁsten_cy of the copies that is discussed in
the above-cited Lilja publication. When cached _data:are modiﬁed,_ the changes
25  must be effected in all copi_és, lbcal and remote,__ of that data. Various cache
coherence schemes can be used 't_o keep the copig# consistent acéording to the
data sharing semantics used, but m_aintaiﬂ_ing cache co_nsistency in distributed
systems is a very complicated prqblexh involving a tactical balance between
_consistency, transparency, and network traffic volume. | |
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‘Prefetching is another useful technique in distributed conputi RFESEISOHISS
t hat uses know edge about expected needs for renote data. The renote data
IS prefetched to a client, viz., fetched before the renote data are
actual ly requested. The know edge of expected needs can be
determned fromthe client's past 5 behavi or. For exanple, working-sets
of files are often prefetched in distributed file systens, and the
wor ki ng-sets are determ ned based on know edgg of the client's file
access pattern. Another comon prefetch nethod uses spati al :

locality, which referg.ta fhe i 2 1 { s | e ata
stored at addr g’?ggs 0 'Igaa%gtshe{ E%?maéfgﬁrﬁ%‘}%ﬁb%@%ﬁyfagéﬁhgh gg%%ng
needed. 10 that usésticiiowvledgeeibaut kspeated mveds firfremotedata.n Thie remotesdaif isa

accessing in that theﬁlﬁg : . do .pot _support data and service nobility.
Wi | e users and Prefetrhed o aflientp iz ofetched before the rempte dataare actpally: saguesed. ed

statically in th@g@é@mdggro?%%é%m&}%ﬁ be deteBEing Forh the gﬁa‘?jf‘ ;{Zﬁgi lity

managenent inclu SSi 1 ons eepl ng tra
| ocati ons of 5t hebetgwicr. t Bomexample aworking-sets of fites raire) oftew prefetthednin distribhted
the term nals belonging to the system Al so, due to the |arge

di fferences in dfilesystema:@nd the SOTKREHGS 3¢9, determined based on knawledgaefithe ( he
ence: o , x . |
oher words. a1 i g fliedthess FAHSR" AbmedLortBbh pfef@hinemod ustd3pada 0

for nobile data uselsy, whicly esfersaoahe highhprobabilityrthited chemawillgresd data stored at
t echni ques 20 are mainly designed for fixed data comruni cati on networKks,

and are ineffi ci &jgdresses or pages ighhotsf data, alreadyraigededs ych as a

cel l ul ar radpot el ephoaﬁ éﬁ h&w ' | r“;]fe | | S
are unpr edi E:ipabl e and highly vetl)rdld;%rleeno\%fﬁ%@éﬁ% |§?§%ﬁ€%@%ﬁ3&ﬁﬁw@

The issue is howdé @ot SEpporedas and sérviverrthobiliny) cWhile wselsi andaemhinglsare aiobileS
system and especially how to make network utjlization and nmanagenent nore

intelligent in bfeifdatnis still cenfiguredstatically g the systame. diradiienallyl | ocat i on,
h t ke, L gent & ' fetehi .
the mopite o PesSHafluonta mEgH, GRGH RS RRNS il ROCERABE G0,

access. track of the locations of the users/terminals and for maintaining connections to

15  the terminals belonging to the system.

Also, due to the Jarge differences in data communication bandwidth
between cell layers, the communication system is not transparent for mobile data
users. In other words, different cell layers have large differences in performance

. for mobile data users. Conventional cache and prefetch management techniques

20  are mainly designed for fixed data communication networks, and are inefficient
in, a communication environment, such as a cellular radiotelephone system, in
which the communication channels are unpredictable and highly variable with
time and location.

‘ The issue is how to improve network performance in a hierarchical cell

25  system, and especially how to make network utilization and management more
intelligent in balancing.network traffic and dynamic channel allocation, how to
make intelligent data caching and prefetching man'agemerit in the mobile
environment, and how to provide efficiently wireless data access.
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Accordi ngly, techniques that can predict the notion (or itinePEFSESHRIN
- nobile term nal user are needed for supporting connection handovers, or

handof fs, between the different cell layers with high integrity.

SUMMARY 5 "These problens are solved by Applicants' invention,
whi ch provi des nmet hods and apparatus for predicting novenents of
nmobi |l e radi o transceivers. In this way, Applicants' invention

achi eves the inportant objects of inproving4- . performance of a

hi erar chi eal conmuni cati on network, inproving network utilization

and managenent in bahesvedingly)eschai qges that bas pRdb e AiBkB (bR RiRIaryY b2

al I ocation, and i nprovi ng data caching and prefetching in a
communi cat.i on rfeebils terminal user are needed|far mmmn!@cmmm“msbr

Lgyanhe?nbaseg%a&fgbeg&pre@gé{#ﬂ ‘?ti“?XE’s Wmfh‘g on Of : m)b![ Ie(ram'nal

i ncludes the step of conparing a current sequence t hat |ncI udes the 15
current location of the nobile term nal_and a E'I urality of previous
| ocati ons of the nobile terninalS of a plurality of stored

orminal . The. met hootthee BEdbleme are.sofed o el iVeiuiBy, MEERTEVORE of (e
stored sequenceafiethédseshdodppatatisofor tpredictinplimoverhérits \OE mibbile thdio transceivédf, 2
degree of matchin tg,gbetween the current sequence and each stored sequence,.

20 and- pr edi dnithi§ Waye ARplicants ciavensionoachieyes thsoimperiagt ijnqs of amprbving t he

sel ected one ﬁ%?ﬂ Ln anot her aspect I"_
of Applicants’ peﬁfogﬁ%.nc%hb?as @%%‘%&Wn‘&mom ’mﬁfﬂf r}g, Bf

mobi | e term nalutiliagtion’asl inAigageineRs irobaliming AERAEK Reffic S dfimic channel
sequence that incl udes the current location of the nobile termnal and a

plurality W5  alpcatioay prd, improving data ceshing,and, prefetehing inaregllulap mebils of a -

plurality of st.8 fn?xﬂamcanonxfe nces that each include previous |ocations of
the nobile termna Eﬂk determ ning at least one quantitative

measure of a degreemfonaaspam of) Applicantdddhvertion} 5 enethod 6 predreingAGRxANd each
stored sequenciq and if the at |east one .~ '  quantitative measure
exceeds a predé?BHAR A a%mlfetenawhgassﬁm%@rsélmowosmns of the mobile

terminal includes the step of comparing a current sequence that includes the
15 current location of the mobile terminal and a plurality of previous locations of
the mobile terminal to each of a plurality of stored sequences that each include
~ previous locat_ions of the mobile terminal. The method also includes the steps of
selecting one of the stored sequences based oxi-':at least one.quantitetive measure
of a degree of matching between the current sequence and each stored sequence,
20 . and predicting the next location of the mobile terminal based on the selected one
of the stored sequences. . |
In another aspect of Applicants’ invention, a method of predicting
movements of a mobile terminal includes the steps of (a) comparing a current
sequence that includes the current location of the mobile terminal and a plurality
25  of previous locations of the mobile terminal to each of a plurahty of stored
sequences that each include previous locations of the mobile teﬁninal
(b) determining at least one quantitative measure of a degree of matching
between the current sequence and each stored sequence; and (c) if the at least one

quantitative measure exceeds a predetermined value, using the locations of the
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‘respective s orge‘g séquence as predictions of the novenents of RCESESSDIie
term nal . I n another aspect of Applicants' invention, a

met hod of determ ning regular patterns in novenents of a nobile
termnal includes the step of 5 conparing a current |ocation of the
nobile termnal to each of a plurality of previ ous | ocations stored
in a queue of a plurality of previous |ocations, the previ ous

| ocations being stored in the queue in firg¢-in-first-out order of
occurrence. The nethod al so i ncludes marking a sequence of |ocations

conprising the current state, . prevy. I ' h ches..t he

current 10 | JESREFRE s‘&ﬁﬁ@‘%ﬁ@@?&ﬂ%@éf?%éﬁ%@ﬁ%&%@ﬁggﬁter t he
previous | ocat iggiminhRt mat ches the current |oéation, if the current
| ocati on nmatches one of the plurality of previous |ocations stored

in the queue. The ndintangther aspechof Applicasts'jinaventign, a method efedeterminingsequence

et ermi i ng-ar TRt bEns, R EmeRe F R iR Rt iERpeli sep ot |
bet ween 15 5 t hniparikg éﬁ?&ﬂ@lﬁ‘cﬁﬁ@mdf&%Crhoﬁil@feﬁﬂixﬁeweiﬁh%f@%ldtdel‘nﬁbﬁ%i ng a

priority- . pdraneter of the respective stored sequence by
predet er ni ned grexious ldcations stored in a quene-gfa phialityefrprevigus losatianss thee

exceeds a predeter.mned val ue. P 2. NRI N rther

i nclude the st eﬂﬁ"lB\’s E&‘S‘i‘?’ﬁé’%“&?’[‘r‘?r‘%‘?" queuesiﬂﬁ}égﬂwgﬁt {[ﬁgr bile

termnal in tNQcgki@eel NThd friethod s inshudes inatlfisg? ; b seduedle of RRatdrsence,
is a

determ ni ng whether_ the current |ocation is _east one of a.
stationary statcompmising the surrent/stateathe preyiguslocayjomthap matchpethsrqusrent t eps | f

boundary it ¢ 6cacofl hd Rt brévidhs ItaRlns Gt Gloufted ikt AR VDR Tolpin Bar |
met hod of det erjitBhdiGhe current' 106ationl ifile icafreft Jobativhvmarhéssomf o '

term nal includes the steps of 25 = (a) determ ning whether a current
| ocation of theofipsevipes losatiensatored imthe queue. The method alsginglydestcomparingl a

boundary state;, (b ki ng a e cat | C .30 N he
current |ocati éhé ngﬁge'ﬁﬁe.q{xﬁger@gé% Qﬁiﬁ%‘k&ﬁ@@g‘iﬁﬂegﬁérﬁﬁéﬁﬁ gn&

and the nost r eRMnifhedt Rast fifitdtité RieAsuré 0f aldegrdeCfmat ibefweehhat
occurred between the one of the nobst recent previous stationary state
~and the nokk r dbemarisdl seqpenseiand sagjvstaredrspquense cand icreasing arpriagity he mar ked

se.quence to ea%gra%];etgr of the respective stored sequence by a predetermined amount if the at

-

least one quantitative measure exceeds a predetermined value.
Such a method may further include the steps of storing the current
location of the mobile terminal in the queue in first-in-first-out order of
20 occhrrencé, determining whether the current location is at least one of a
_ sta‘iionary state '.and a boundary state, and carrying out the other steps if the
current location is at least one of a stationary state or a boundary state.
In another aspect of Applicants’ invention, a method of determining
re'gular patterns in movemenits of a mobile terminal includes the steps of
25  (a) determining whether a current location of the mobile terminal is one of a
stationary state and a boundary state; (b) marking a sequence of locations
comprising the current location, one of the most recent previous stationary state
and the most recent previous boundary state, and previous locations that occurred
between the one of the most recent previous stationary state and the most recent

30 prévious boundary state; (c) comparing the marked sequence to each of a
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plurality of stored sequences of | ocati ons and det er mi ni ng RCY/SEISH1PBE
guantitative nmeasure of a degree of matching between the marked sequence
and each stored sequence; and (d) if the at | east one quantitative
nmeasure exceeds a predeterm ned val ue, increasing a priority '
paranmeter of the respective stored 5 sequence by a predeterm ned

anmount . Such a nmethod may further include the step of
storing the current |ocation in a ggleue of a plurality of the
previous | ocations, the |ocations being stored in the queue in

first-in-firs r t her
steps if the ?udr}j‘r‘l% %f%g%rg@}%@%ﬁws cﬁ'ﬂf) o?’Eone o%ﬂﬂ{lé;?{%%%o?gstate and a
boundary 10 quadtititive measure of a degree lof matchingrbtiwean’thé harked seghdricy agd
stored sequeng&(ﬁoépég&lﬁgg noVv gP tt;gastoge acl es t&r;? rmverrentegitsracks
and the one o qQP@r@g FP&ya uangity THEASHESSIXG: @ ratio
of a 'nunber o et Eﬁb%e% gﬁa&@ hat are
the sane as Iéléégtel ons ??agﬁstore ngﬁgggfcl? E{gtféﬁxe m&ﬁ% g%@ﬁe& -
| ocati onsSin sequencerbyaatprcﬂetemm:hmmmlence Al so, the one of the stored
sequences may be sgpect ed itative asure of a degree that
a durati on SHCR A qﬁ?‘ﬁ %%m&gﬁmmC@%ﬂ%ﬁﬂcﬂ of
each stored ; e that
ﬂue&emesﬁgﬁlgtg%f%e PreViif 1ot dtonY I8 s Bling s ?’?%5

a frequency ol § ent o sequence nat ency of

each stored sﬁmupxeuemﬁﬁst—m—ﬁrst—outlondertdfeaccuﬂpmet,anﬁfcaﬁmnglmdidsothwvent|on
an appar at us next f;:at iQn of a nobjle term nal

f di e .
based on pr ethglr?t%&r‘gﬁﬁ?ﬁrﬁﬁg"%ft‘Wﬂé at}fgst Qne of a statipnary;siats and,3 ORRAIEY at us

for deterg1 Ni fghe! €gul ar patterns in novenents of a ~ nobile term nal
“are provided. For exanple, an apparatus for predicting a next
| ocati on of a nobi Iesh methedsnﬂmpldmlnycbfcstorpd sequences/ mayainclude mévenient

nobil e term nal .incl des a neno r .storin uences Qf previous -
| ocations of FHde F‘X apd thg \ﬂféée store% aﬁ“%ﬁ%ﬁrhecat ion wth
the menory, fﬁlemédﬂﬂaamﬁﬂrdf%mﬁﬁ&m ﬂ?e P t he
current |ocation of the nobile termnal and a plurality of previous

| ocati ons of sequencsithitare ¢hensame as locations infa slolptlweglent:qand asotal mamber

Sequenceys Thgf locations in the current or marked sequence Also, the one of the stored
sequences may be selected based on a quantitative measure of a degree that a
duration of the current or marked sequence matches a dl_l'rat_ion of each stored
sequence and on a quantitative measure of a degree that a fi'equency of the
current or marked sequence matches a frequency of each stored sequence.

20 In other aspects of Applicants’ inven_tion,_ an apparatus for piedicting a
nel'etzlecation of a mobile terminal based on previous locations of the inobile
termxnal and apparatus for determining regular patnems in movements of a
mobile terminal are provided. L

For example, an apparatus for predicting a next location of a mobile

25  terminal based on previous locations of the mobile terminal includes a memory
for storing sequences of previous locations of the mobile termihal and a device,

" in communication with the memory, for comparing a current sequence that -

* includes the current location of the mobile terminal and a plurahty of previous

locations of the mobile terminal to each of a plurahty of stored sequences. The

30  apparatus further includes a device for selecting one of the stored sequences
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based on at |east one quantitative nmeasure of a degree of matchi ng between
t he current sequence and each stored sequence, and a device for
generating a predi ction of the next |ocation of the nobile term nal
based on the sel ected one of the stored sequences. 5 ' In
such an apparatus, the plurality of stored sequences may include
novenent circles and novenent tracks, and thg-sel ecting device may include

a device for determning a ratio of a nunber of locations in the
current sequencepased on atleft ofié QuariRathi Reduré 68 defiee of nAckihL b&des S HaCNCE
and a total nunber of | ocations in the current sequence. One of the

stored sequencescumentsicguense and cach stored sequence, and & dévite forsgeneratingg devi ce

may further include.a. device for ergtin . X cond antitative
measure of a degPE “'%W&toeatﬁﬁaf’éttlf’gﬁl%&gﬁ%%@?Fetﬁp%é%ﬁggn% selec ¥hes
a duration of eagfif @60d seqsepeey:e, and a device for generating a third

quantitative nmeasure of a degree that a freguency of the current sequence
mat ches a fréquency ofn sughhans appagatus; she phurality ufstarad sequeness mayinclnde

sequences 15 may be sel.ected based on .the rati d the.second .
quantitative neagig’r”_gmﬁ’?t ‘HFF(i?% moveme HAcss, &Heﬁgggmfﬁeiw inglnde a
measure, and thegéfbd fortdetdthiihing iaRtiERFUinber of locations in thel cirtéft sedfsticker
aspect of Applicants' invention, a conmunication network conprises a

plurality of ser thatgre thecsamerasdocations inya stosed pegence; andratotal omimber of
geogr aphi cal areas_and .organiz |.n [ | fi syste bj | e

term nal 20 ha&cﬁ ony 'Hetg? 88"? rseglé%hiséﬁ gﬁ@‘%‘?‘ﬁ& ?@E@F%ﬁqﬁg b%sfdt he
mobi | e termjpal , on the ratibh €THE Selédiing ewive thayp firiher GiRthdecs AGEESER enerating 2 -
application files and data files stored in the servers; and a nobile

di stributed syst se¢eopd quansitativemeasyreofia degreethat a duration ofthe surrentyseghience
distributed file_systempof 1he servers devi or _predicting a,.
next |ocation of PA<MEHA| qlgﬁﬁ%ng%ﬁ%eagﬁﬁt#&cF&ﬂbgw@gathud
distributes 25 qhfRitdtiverméasirel of & Begrié Eiaba!frayieAdiOODhE RareAY séGidnckased on

a next | ocation predi cted by the predicting device.
: matches a frequency of each stored sequence. The one of the stored sequences

15  may be selected based on the ratio and the second quantitative measure or on the
ratio, the second quantitative measure, and the third qﬁantitative measure.

In yet another aspect of Applicants’ invention, a communication network
comprises a plurality of servers, the servers being positioned in respective
geographical areas and organized in a distributed file system; zi mobile terminal

20  having a device for communicating with the server nearest the mobile terminal,
- wherein the communicating device accesses application files and data files stored
i_h% the servers; and a mobile distributed system platform having a device for
controlling the distributed file system of the servers and a device for predicting a
next location of a mobile terminal, wherein the controlling device distributes
25  location sensitive information among the servers based on a next location

predicted by the predicting device.:

| BRIEF DESCRIPTION OF THE DRAWINGS
The features and advantages of Applicants’ invention will be understood
by reading this description in conjunction with the drawings, in which:
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Fig. 1 is an exenplary hierarchical, or nulti-layered, cellular system
Fig. 2 is a block diagram of an exenplary cellular nobile radiotel ephone
system including an exenplary base station and nobile station;

Fig. 3is an illustration of nobile notiorgin a hierarchical communication
5 system Fig. 4 illustrates Applicants' nobile notion
predictor MVP; Fig. 1 is an exerfihldry Rietdréticd1! 8f fl fed. (Sitenl.NT OUGN
various states that %re i,glr-youpe t|Hn m)vematliln?w((:= rdI%gﬁulgP¥ ?

Fig. 6 illustrat es Higw2 ds atbhlckadngrgmomfmdexunpiuyeneﬁnlartmmle&adloﬂe%phone

Fig. 7 illustrate 5’&3 eration Of ﬁqfeltl.nerar terpn detector and the

dat a s Y Hep ‘8&1 % iSfation and m qg?‘#’ﬂiat abase;

Fig. 8 is a flowh | .dance
Fig. 9is an ﬂﬁié&ﬁfﬁéﬁ thfoBil@ nfBiifoﬁ%lagme g d M&an

wi th Applicants' invention; _
movenent 9 acl8yslemecti on nethod in accordance 15 vm th- Applicants’

i nvention, . r s the opejati of a notion
predictor; Fig. 4 ’“‘Ek'g‘es Jﬁpp lpgltglggmpﬂgn ictor fructure of a
_notion prediction e h9iiustrates how a user méved thr%@g ?&s@%@?ﬂﬁ? anpl e_of

how a user noves through various states I on o time; 20
Figs. 13a, 13fgraupedin mavemant cixcles;| e of constituti onal constraints used in

the mat chi 14 fl onchart of bi |
ot i on predi ctor | XS BIASTAES by gpss e sxed B ppwticth ekt on;
Fig. 15 qQows an eyggIn} fhsfrates tHEbey nrmui ﬁﬁeﬂ}yﬁaﬁéﬂ@e@cwfgnﬁ

Applicants' nobile notion predict or
a mobile fl oaStrugiurgs generated mmmemymmm databasesyst em

Fig. 8 is-a flowchart of a movement circle detection method in accordance

Iqlus? Irat es

- with Applicants’ invention;
Fig. 9 is a flowchart of a movement track detection method in accordance
15  with Applicants’ invention; L
Fig. 10 illustrates the operation of 2 motion predictor;
Fig. 11 illustrates the tree-like structure of a motion prediction method;
Fig. 12 illustrates an example of how a user moves through various states
as a function of time;
20 . Figs. 13'a': 13b illustrate an example of constitutional constraints used in
the matching process; _
Fig. 14 is a flowchart of a mobile motion predictor in accordance with
'Applicants’ invention; _
Fig. 15 shows an example of normalized results of a simulation of
25  Applicants’ mobile motion predictor; and |
Fig. 16 iliustrates a mobile floating agent and a mobile distributed system
platform agent employing Applicants’ mobile motion predictor; and



pl at form agent enpl oying Applicants' nobile notion predictor; and

W96/ 13951 WO 96/13951 _ - '
DETAI LED DESCRI PTI ON Mbst peopl e, including the ng‘fB?'HSQl!?F
nobil e term nal users, have regul ar patterns of novenment that they
foll ow nore or | ess every day of the week. Applicants' invention
uses this regularity in everyone's novenents to 5 predi ct one's next

| ocation. For exanple, if a nobile user is on the way out of an area

covered by a picocell (or a mcrocell), the nobile (or the network) can
predict this change of location and informtie network to prefetch data, if

necessary. Usi ng Applicants' :invention, a nobile term nal or
t he communi cation 10 net work can DEFAICED!DESORIPTION i tinerary and take
appropriate actions before the nmobi | e reaches_a new | ocation. Such

predi ctions can al so BDdosipeepleoinclidingthe majority o-mehil¢ terminal ssers.ohavenpbi | e
termnal |ocation nd . ei t her
intra-cell or i nfigu?geqﬁ%nﬁwééé%} E%A?WB ?Ja?/lé% o:l.}_?gs f)‘Fegglﬁgf?’g rtlhse

can ‘be inputs towekOCRsplitans! ventidinuses/tiis regirareny dh @veryohe’s movemeagdb dat e
15 communi cation channels for handgver or assignnent of a connection. As .
used in 5 t hpeedigsanietsamexs docatipe. (For example; iloa mabile wser is\gm) the pay out of

under stood to enco S - | ' ut

Tobi | ot oxt's, per SRR GYSTRLPY FBoPL (G € BUARESD, Y BRHE (AP Hefict) can
Fig. 1 is an exeppididthidi change 6f oationandinform thrymetwork weprefetchrdatg,sifem  An
20 unbrella macrocell 10 represented by a hexagonal shape nakes up an
overlying DeQassArdr structure. Each unbrella cell may contain an
under|ying m crocell . A I : I I ' E&I”ﬁ .

. mcrocell 20 representllesﬂn%9ibh%$gs¢lé§v°ﬂm& ygﬁ%ﬁgse W t-%ri]tﬁgltc e g’??té%nl I ne

and mi crocellp 30nemxurkcan ipeetittythé sobileBaitiaerary amditake appropriniei actibischeforethe
| i ne corresponding to areas al on!g city streets, .and picocells 40, 25 50,

and 60, which cowmobilefaachesaiew logaiion. obuch predictippgycanaieo pe ugsdsfor dypamist
" . _ ,
area of dense | Chad] EfGcaud B8R, Brrhalf 1SGaHERYfid Garladbits Ao Bl €7,

spot . * channkl, ithér inti-ceticot! inter-cellp iterdiapgyr amintra-layer e XFheprediptions
cellular nobile r adi ot el ephone, system _| ncl udi n% an exenpl.ary base
a list of candidate

station 110 and G#bbe dnputs to a locating algorithm, which generate
' 15 - - communication channels for handover or assignment of a connection. As used in
this application, the term "mobile terminal" will be understood to encompass
mobile telephones, portable computers, mobiletexts, personal digital assistants,
and like devices. _ o
Fig. 1 is an exemplary hierarchical, or multi-layered, cellular systemi. An
20  umbrella macrocell 10 represented by a hexagonal shape makes up an overlying
cellular structure. Each umbrella cell may contain an underlying microcell
structure. The umbrella cell 10 includes microcell 20 represented by the area
enclosed within the dotted line and microcell 30 represented by the area enclosed
within the dashed line corresponding to areas along city streets, and picocells 40,
25 - 50, and 60, which cover individual floors of a building. The ixitersection of the
two city streets covered by the miérocells 20 and 30 may be an area of dense
traffic concentration, and thus might represent a hot spot. _
Fig. 2 represents a block diagram of an exemplary celtular niobile
: radio_telephone system, including an exemplary base station 110 and mobile
30  station 120. The base station includes a control and processing unit 130 which is



30 station 120. The base station includes a control and processing unit
130 which wopegnsesy VO 96/ 13951

-10- connected to a nobile switching center (NSO 14m%h119|s turn

I's connected to a public switched tel ephone network (PSTN) (not v
shown). Ceneral aspects of such cellul ar radi ot el ephone systens are
known in the art, as described for exanple by U S. Patent No. .
5,175,867 to Wj ke et al., entitled "Neighbor- 5 Assi st ed Handoff in a

Cel I ul ar Communi cati on Systeni, and U. S. Patent Application No.

07/ 967,027 entitled "Multi-node Signal P[Rj;essi ng", which was filed

on Cctober 27, 1992, both of which are incorporated in this application by

ref er ence. t a . plurality of voice
channel s thr o‘f.?élﬂe%{e%g? %mpgﬁ Mﬁﬁﬁﬁeﬁh 393%'%%@. t E%‘ tH CIOE"%‘B‘H{GOOI | ed .
by the controf ?ﬂﬂﬁ: $witched ¢1ghone netwoﬂtr(lPSTLBQnot%lﬁﬁm)eaGéhePﬂ% &bt ON

I ncl udes a control channel transceiver 16 may be capabl e of
handl i ng nor esuch£alleiae radigtelephone; Systems’ afqlkéo‘é!@ri@rﬂéﬂ art as descnbgdnfml

transcei ver ko CgH ¢ 130.

The control éﬁ%ﬂ*@iﬁ Bf?%ﬁé%éiégtegxlggﬁgf oadlfr?gé’tg&geg% %ﬁﬁﬁ%‘f Nﬁgb n over the
15 . cont§ol AsssteiHandoff bea iCetlalas (Commonioatiores sté" "&id UsS, Padted to t hat
contr ol channel. It will be understood that the transcei vers 150 and

160 can be ApplicatigpNon07{967.027 entisled IMulti-mode Signak Bracpssings; sdichnwas
cont (ol 1 anSgh Y& 0dfr 71011509, both dfSFhith it BhgoPed A HEChorfdubd 8 ' ©

channel s. t ha e sae“radio carrier
The nobil e streferéntel20 recei ves the i nformati on broadcast on a control

channel at its voice and contrqgl .channel w@gnscel ver 170. Then, the '
processi ng (Fae basg stagion 119 haadles @ nlurabify, efiveise channelsithrowgh a voice

f t h t
Lanal ot 0" sl daRcaie 350 fmich is coftiBAAPbY e torkirdl Sha Boeedd ™! 27
whi ch cel | t hmitn18g.! Almheudclﬂbdsemtanomndndewoom chifite] 2ansceives a60.£d

control channel, i nformati.o i ncl ydes absol ute i nformati on
concer ni ng tHléh‘E]émayvh PﬁﬂP&% mose, thanong cogtrol ghangel: o Fheyromsrale| ati ve

i nf or mati on t h t he
cont ol Bt hafieeRVef 160136 bortrgile'by! e Rohflof A fifoessitig it T
5, 353, 332 t o Thei dontrel chdnnel transceivem16Q broddéastst domtrob irfortivhadves tieor

Communi caf | Orc]:orcx:t?' téh%hnélnofamR%géeogtgéo%por ce?l to mobiles locked to that control

channel. It will be understood that the transceivers.150 and 160 can be

Dep

implemented as a single 'deVi'c'e like the voice and control transceiver 170, for
use with digital control and traffic channels that share the same radio carrier
frequency. :
20 -~ The mobile station 120 receives the information broadcast on a control
' ‘eﬁnmel at its voice and control channel transceiver 170. Then, the processing
unit 180 evaluates the received control channel information, which includes the
characteristics of cells that are candidates for the mobile station to lock on to,
‘and determines on which cell the mobile: shduld lock. Advantageously, the
25  received control channel information not only includes absolute information
concerning the cell with which it is associated, but also contains relative
information concerning other cells proximate to the cell with:'whic'h- the control |
channel is associated, as described in U.S. Patent No. 5,353,332 to Raith et al.,
' entitled "Method and Apparatus for Communication Control in a Radiotelephone
30 System", which'is incorporated in this application by reference. . '



¥
30 Systenm', which is incorporated in this application by reference.
WO 96/ 13951 W0 96/13951
" PCT/ SE95/ 01198 | PCT/SEpsi01198
An exanple of a nobile termnnal's novenent pattern is shown in Fig. 3.
A nmobi |l e user A noves through an area covered by a hierarchical cell
architecture, which includes a picocell system having 2 M s comruni cation
bandw dt h and a nmacrocell system such as a GSM system having a bandw dth
5 of 9.6 Kb/s for data transm ssion. The user A entered one of the

pi cocel | - covered areas through door D1-and noved about inside the
pi cocel | -covered area (which may be inside a building) for a period
of time. The user A enAgffeRfmple ofambamdrmlﬁmaﬂo‘iemcﬁopimsrmgxdmpmﬁg and
then left the first plcocell-covered - area through the door .D,

entering the rracrband)bllecnseeu“emoacéﬁimw amaes covered by achierarchial eell The user
A noved through the .nacroce covered ar

pi cocel | - cover ed a&&é‘?’-ﬂ%ﬁtg Hg‘n?lﬁ R ﬁ%&@ﬂﬁ%&ﬁ%%‘a’s#@wﬂ‘&%@&t

W thin t hatyal@Adth and a macrocell systefn,6R aslaGSMWybtemQ flﬁvﬂg RESdndWidth
Applicants' invention, user A's itinerary woul d be recorded as it

happens by a 3wbidfe. 5K/ forrdataitransmissigny) TherusesA entared ope of fhsrpireceller ni nal

b1 M7 o 1 oorfushe R ProLaPRASt b 4l o fhPuCimsas i, Y bokeldd kbe
probabil'ity that «afeh ﬁ:aWHe' in§{B¥ @ bAUHing) fémpémafnomswmemser A entered

pi cocel | -covered area. The MVWP woul d inform ot her systens
“applications to trekm hpmayed t@lg:@nference ropm Gy fnd dhemlefidhey ﬁﬁrﬂl@cé“'&ﬁmd

A I Tustratod oyhret Hougi i by B colREOE nlaer i colRed afed 3E Uiy B

detector |PDgan ﬁédr@ef'ﬁ{eYudéﬂWﬁbVediﬂiraighS In%mo&nttoeemtarmmﬂieﬁtor IVP-
The I PD is used for detecting the regul ar iti nerary patterns (IPs) in

a user's npiconsHtcovied\asem entering through gpotherdeor B apdi mayingsahouh yithie
I Ps into anitlnth? 25 pattern database (IPB). In general, the IPB al so
I ncl udes predeter I nformation relating to the constituti on, or

physical structure, OfIntzhﬁordance with 5ie akpeet bp ApplicansMinveatios,aeset hesinin&ramr e
detail below The MP uses the itinerary pattern information stored in

the 1 PB for prediwoulddetrecorded as itdanpensby & obile Motign,Predicter @¢MP)dar . The
M al so comppges LS APL Gibfik té’rﬁfin&loortxﬂ‘iheaﬁm}k N¥tiensBF RSmoves with a certain

velocity to the point M from room C or room L, the MMP would indicate a high
probability that user A will move out of the high-bandwidth, picocell-covered

area. The MMP would inform other systems and applications to take appropriate
action, such as dynamic channel allocation and data prefetching, if necessary,
20  before user A is out. .
As illustrated by Fig. 4, Applicants’ MMP comprises an itinerary pattern
detector IPD, an itinerary pattern database IPB, and a motion predictor MP. The
IPD is used for detecting the regular itinerary patterns (IPs) in a user’s
‘movements between locations, or states, and for saving the IPs into an itinerary
25  pattern database (IPB). In general, the IPB also includes predetermined
information relating to the constitution, or physical structure, of the
communication system, as described in more detail below. The MP uses the
itinerary pattern information stored in the IPB for predicting the next location, or
state, of the user. The MP also'compafes its predictions to the actual next-states
30  of the user and updates the IPs stored in the IPB.



30 of the user and updates the IPs stored in the |PB. WD 96/ 13951

PCT/ SE95/ 0 v896/13951 1o
The input data provided to the MWP are the LAs, or states, i M GHIECHOIAS |

nobile is located, and it is currently believed that the system shoul d

continually check for a new state with a predeterm ned period, e.g.,
every 1-5 seconds. It w Il be appreciated that the LAs identify the

| ocations of the nobile, i.e., the cells 5 where the nobile has been and
is located. Thus, the I As can have any suitable form such as code
nunbers in a Code Division Miltiple Access12CDVA) communi cati on
system or cell locations in a Tinme Division Miltiple Access ( TDVA)

conmuni cati on syst efpkiikytidaga @%Vi@u&betﬂe NP 8 o/ LAS) Cordstdted, iR which the AVPS
systemused in North America. The iti neraré patterns, or-sequences of 10

LAs, are st or edndbiletiséocard, andiitcis curreptly b dthat; the systemshopld ceontinually VP,

VEs or e, i Faeckclon acie Bt Wit = redgierbliond b, 57 PR PR3 0 o
that a S Gl Yo ppRiciaté itae tHEFLAN identifyQh focations oN &R mébbile, dleeSthBEllNg a

simlar length; 1t is quantified by a first-class natching index that
i s describéd bethere thegoobile hassbeenand Js logatedhi Fiaps, ghe 1As ean haye agy suitable

time-matching, indicajes the dearee t P Ak ko0, equence
of states mat c/{e@y &ﬁr“ﬂ&? BﬁmgFgéﬁ&rﬁéqet @g"dﬂ%%“@% 1\1‘.&@5 g:g havi ng a
simlar |engthgoph drﬁcaﬁHﬁ_@r%étéﬁl?ér oM focationy i £ TaAe Divisiun MalipelAxcess

that is described bel ow i rd-cl ass nat chi &%Mor frequency- mat chi rlg%

i ndi ﬁatesh f anmneg?mnimdonwmﬁ:&qm sysemaused i Euggpe andt |
50 | . . S
Tonotne 151 " AMBS el 90 in M Rpeiea R pleat Bl BdeR B |

descri bed f{ﬁ" O, gre stored in the B, Onlichl & Sdck$5e 8 ®yARS mativn! gredicy MIPj on i n

nor e det ai w |1 be hel pful . to note the follow ng concepts_and
abbr evi at i ons. Three classey) of matghjngschemeg pre usedJoE farrelaton analysisnef i n

whi ch at | east e 2 S ' hound L AL B . JiasS |
priority than Qﬁef&/ﬁr iﬂ%hi’i‘%&’ﬁ SB%J rﬁa§§¥%ﬁ@%'iPﬁp%n%€§e‘Pé§%ﬁQ%a‘ a
boundary M ( Bifguence SPM2@E Riatétes Giothbf equencehofcates having a sinitarsiength; it
i s a boundary s_t%q[ee;_ a BMI has a higher priority than an M, with the
boundary ipquantified by-a first-class matching index that x_s__descnbed_ below. Second-

15  class matching, or velocity- or time-matching, indicates the degree that the
duration of a sequence of states matches the duration of another sequence of

states having a similar length; it is quantified by a second-class matching index
that is described below. Third-class matching, or ﬁequency-matching, indicates
the degree that the frequency of a sequence of states matches the frequency of
20  another sequence of states having a similar length; it is quantified by the third-
- ¢léiss matching index that is described below.
o Before describing Applicants’ invention: in more detail, it will be helpful
to note the following concepts and abbreviations. o
' boundary MC (BMC): ~a movement circle (MC) in which at least one
25  state is a boundary staté; a BMC has a higher priority than an MC, with a
boundary priority parameter 8. - | o |
boundary MT (BMI): a movement track (MT) in which at least one state
is a boundary state; a BMT has a higher priority than an MT, with the boundary
: priority parameter 8. - | . '
30  boundary state (BS): a state at the boundary of a cell layer.

4§

%



30i boundary state (BS): a state at the boundary of a cell |ayer.
WO 96/ 13951 wq 96113981
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FIFO first in, first out. forked state (FS): a joint state
for which the following states are in di stingui shabl e novenent
circles. : identity area (1A): a cell or group of cells

sendi ng (broadcasting) 5 identified information to an area covered by
the cell or group of cells. itinerary pattern base (I1PB): an
I nformati on database including a maxhgum nunber M of itinerary
patterns. joint state (JS): a state included in at |east two

di sti ngui shabl e nove . . | es. 10 . LRU. |east recently
used. m?ﬁgﬂwgll’_r@s{e&%tm): a circle having n (where n > 1)
sequential states ° forked isidgé FB)Nh jintl seAé forowbichthé folloWing Stak Qre in
movenent track (MI): a track that t}gg’;ns and ends with a stationary state

or a boundary sdistigguiskable movement Cigdsnt er state (PS): a state in a

st at e- queue that cont:gi Ojrli € .ot ' or MI in
an | PB. . 'Eﬂﬂ'%f g’éﬁp(['i%r Ftcgﬂgglg% %"r“‘?ﬁ&‘ﬁ@&?.ﬂ’?@xﬁﬁ&@u ority of
an MC or MI's  jdentified inform8tidi € 4rSirea eovi&red by ABebéIDOr gioup-of cells.i dentity
area |A in a novenent pattern or motion graph), where S[err],

i ndi cates state k at itinerart pqrtern base; (IPBlye pn ipformation database ipclydingiacue (SQ) :

a queue of states_saved | . { occurence.

‘stationary stat énaecggylm ﬂ%‘%@%‘%‘@%@%‘a nobi l e term nal has stayed
for at |east a perioGomf shate"FIS): a state included in at Fast tio: dibtirpuisable endvemetit MC,
given by t[err] - t[err], the tine interval between the 2 first and

| ast states in cirelescC. : transitional state (TS): a state in
which a noRile term has ' | ess than a period of tine r.
Tlerr]: a B:Oma criterft ?%’Fts{egé‘ﬁﬂﬂgi%hg a BS. Tlerr]: atinme
criterion for identifgvesierr &fle (MC): a circle having n (where n > 1) sequential states
including at least one stationary state.
movement track (MT): a track that begins and ends with a stationary state

or a boundary state.
15 pointer state (PS): a state in a state-queue that contains a pointer pointing
to a saved MC or MT in an IPB. | |
p: the priority parameter, indicating the priority of an MC or MT.
state (5): a user location, i.e., an identity area IA, in a movement pattern
(or motion graph), where S,, indicates state k at time t (current time).
20 . State queue (SQ): a queue of states saved in tempbral order of
occurrence. |
| stationary state (SS): a state (IA) in which a mobile terminal has stayed
for at least a period of time 7. -
' T,.: the period of an MC, given by t, — t,, the time interval between the
25  first and last states in the MC. -
transitional state (TS): a state in which a mobile terminal has stayed for
less than a period of time 7.
7,: a time criterion for.identifying a BS.
7,: a time criterion for identifying a SS..
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I n accordance Applicants' invention, the |IPD is groundetisEssefios

basi ¢ procedures: a novenment circle (MC) nodel and a novenent track (M)
nodel . The MC nodel addresses long-term regular user novenents, which are
assuned to take the formof closed |oops, or circles, of states. The Ml

nodel 5 addresses routine novenments, which are assuned to take the form
of |inear tracks of states. The MC nodel is based on
t he assunption that when a user noves from,a | ocation, the user wl|
eventually return. Thus, the novenents of “d nobile termnal user are-

nodel ed as differe circle-like patterns, exanples .Wwhich are 10

shown in Fig. 5 Th&%f cea\"l—f'ﬁr‘ﬁiﬂt"ﬁggﬁt °%§Pwi¢fcﬂgilﬁs@nmq¢@uw@ t he
nunber s ‘%ﬁoce%%re% ' ave I N Enhdle Fha

correspondi ng l?ta(l)mt e stat ésm&bmbﬂd?:ﬁémt e%?%?%#aﬁl@i%g&s%mmt an
MC is a cl osednbdedp, TherMCimodeledddressessiong-derm, regular tisey inmsyemenits| shichnarg[ er r |
and including at. |east st ates, gnd gt | east..one sfation state.
Appl i cant s’ NW‘&%F%%@“&?EP ‘if‘g?sffflgo?gs* é’rﬂrﬁ{;ﬁo St i&éh@ mdsl yi ng
15 the fol| QWdREsds'rolifhd Rdveménts,"Which a¥é d8ainelt ' rovi ded
to the MVPSJ a hasrbnot chgngelclj during a predgttg(riaﬁ%c@g%@ Iﬁf(’)ijﬁ%a? time
T[err] (e.g., tigcks of stateSi ve ' m nutes), then the state S[err] is a
stationary state. . Looked at in a.different way, each novenent
circle is a .sequenc'g‘eomc model 15%%;%1,1 ﬂf?ﬁmﬁq‘m{l’é‘ WE?’,“ T ‘QEYCSZ@?m_fQ, _
18, 1]. 1t W ljhenliHéaisei oM evéiithallyRBurd0 m@?ﬁﬁ.ﬂsoéxﬁ&:ﬁoﬂgmﬁt circle,
one nust nove around the circle in a known direction because the
order of the derminal user argi mpdeled as differenscinsle-like patternsy examples of whichoare

associ at w th each regan LRU priorit r ter,. p. | ch indicates
the priority & o‘f’ﬂénlgé/gpvft _ é?:;?c?rg ?%ﬁ#%%ﬁ {dﬁﬁixﬁi&y ﬂ‘ef%cy
paraneter F, wWnThg.3slwhidhemdicae the GERHEBE dreas 1A ROreGIoNBIAg Yo e SthiabeS (see
25 Fig. 12), and a boundary priority paranmeter B, all "of which are

initialized tdromythe figure, it gan be seen s anMQhis s elased\loop soritirsie”e of isates

conparing an i 1N R . f al ready stored in the
IPB. If the nl’%%@‘s% T %dsmfg'?g‘% #deésp?wg’gﬁﬁa&&a%ﬁﬁ%ﬁ@%%n bed
in more det ai lstabe| applicants MME eteiniies that @ st Détationary sthféeby's%gﬁl MCs,
the priority factor p of the stored MCis increased by I. 30 herWw se,
the new NE i sthe follewingcritseionaf the I sigaal; (the: input state) provised to the MMP

has not changed during a predetermined period of time 7, (e.g., 7, = five

minutes), then the state S, , is a stationary state.
Looked at in a different way, each movement circle is a sequence of

states, e.g., [1, 16, 17, 18, 21, 20, 19, 18, 1]. It will be understood that when

20  considering a movement circle, one must move around the circle in a known
direction because the order of the states may differ for different directions.
Also, associated with each MC ‘are an LRU priority parameter p, which indicates
the priority of the MC with respect to other MCs in the IPB, a frequency
baramewr F, which indicates the frequency of the sequence of states (see R

25  Fig. 12), and a boundary priority parameter 8, all of which are initialized to zero
for each. new MC. A "new" MC is detected by comparing an incoming MC to
each of the MCs already stored in the IPB. If the new MC’s first-class matching
index p, which is described in more detail below, matches the index u of one of
the stored MCs, the priority factor p of the stored MC is increased by 1

30  Otherwise, ihe new MC is stored in the IPB with the initial values of
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=0. wbosmspspr nore states in an MCis a boundary state, that MCis

boundary MC and has its boundary priority paraneter BPRCISESS®GHS by
Applicants' MVP determines that an input state is a

boundary state by appl ying one of the following criteria: either (1)

if no input I A signals have been 5 received for a predeterm ned period

of time Tb (e.g., T[err] > five mnutes), then the state S[err] is a

boundary state; or (2) if no input I A signals have been received

after the predeterm ned period of time T[ercis-(e.qg., T[err]> five m nutes)

and a new | A si gnal (state S[err]) has been received, then the state

Slerr] is a boun ac\e s ats. ; [ U&H{ﬂq"

gener at es rmverrent %ﬁac% QNhIIt;: a?’emff smﬁﬁg%arles that e c{?&geglt%grﬁ
end with either ealhtlaztbmnﬂaw MCiand bas nsbmmddarynonty paramttextﬁmdréhsbdlbyl
closed | oops of state e nQ i.red, MT, nodel|

constrai ned version o?‘PP{! wae E‘éﬁﬁ‘? HH’“BF“?&T@ agb@némvﬁm 8YFi g.
6 t hat "ar rtHéTF gﬁnﬁé,@n

not ed t hat everysmﬁﬁhg\‘ﬁ‘g/rfif ncl udes ~at ea‘é‘{bx%ﬁg%fn?gnﬁﬂ% &gﬂlé %J&%?ﬁ

t he novement 5ci r rdceived ifor aptedeteemined pesind of timeat, (etge n 7 & fivel exibmegs), then the a
novenent track, one st o | ong t he ack i.n a_knqwn djrection because
t he order of the“é'tea{m W‘F“%P‘E’&? r°’6| #)f‘gf‘@d{‘p‘ﬁllgei‘@% "CAP%B received
associated wth r |

after the p?&ﬁﬁeﬁ%ﬁea pzn*ob%flzﬁﬁé Pl el by Peve s)gﬁm%pﬁb IA

I ndi cates the priority”of vmthrespect to ot her
f requency par anesignalKstaterSi.; hbabbeandscsival) thempthestate )‘ngausaarbblﬂrdaﬁ! staﬂel of

whi ch | d
ot act od by cormar | ngUsiis e ST Hipdeh the 221 drbiyetes movement ks yich re
stored in the | PRinetakiel Hﬁt R&H D&pif ahd eid vﬁihaéﬂzeﬁats&%bpﬂg d&ﬂ@pr B: boﬁﬂ:?ﬁ-? 'S

described in nore detail bel ow "natches the index ne of the stofed
MTs, t he qsateorl‘ntt;;atm«:s;ddoq:s of stdtes are mtmgnte&{rthesmrrmoaiaed lesg- 1

(F;lhelr:vm':sg _t Be nev1\)/625. }versmn &tﬁﬁ?g&ig %’2 L PB Wit h tP&"fG?ﬁliﬁt‘ql(a V\}/gges of
that M is callqﬂaeaﬁ%ﬁdadﬁowtrenqm shownhﬁ‘ﬁgtS‘ d@ﬁ%w;&ﬁ? ‘P}By ey

~paraneter B increased by he Opération o
~data structures Mﬁwmhldedaﬁ leastione VB, wi | | be further understood by

referring t g. | ustrat es. gne v nt .30 circle
conpri si ng f%ree nove)fgg &ttbﬁ(w& VeRFt °‘Kﬁ??,v Wg?g?m dltlﬁléWhenconmdermg

a movement track, one must move along the track in a known direction because

V\Dg
p =F
cal?l
1.

6/ 13
=B
ed a

the order of the states may differ for different directions. Also, associated with
each M'l: are the LRU priority parameter p, which indicates the priority of the
MT with respect to other MTs, the frequency parameter F, and the boundary
20 - prierity parameter 8, all of which are initialized to zero for each new MT. A
"mew"” MT is detected by comparing an incoming MT to each of the MTs already
stored in the IPB. If the new MT’s first-class matching index p, which is
described in more detail below, matches the index u of one of the stored MTs, -
the priority parameter p of the stored MT is increased by 1. Otherwise, the new
25  MT is stored in the IPB with the initial valuesof p = F = 8 = 0. If one or
more states in an MT is a boundary state, that MT is called a boundary MT and
-has its boundary priority parameter 8 increased by 1.
The operation of the IPD and the data structures generated in the IPB will
be further understood by referring to Fig. 7, which illustrates one movement
30  circle MC1 comprising three movement tracks MT1, MT2, MT3 stored in the
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IPB in least recently used (LRU) order. Al so shown in Fig. 7 |s a state
gueue WOIG13Whpri sing the nost recent N states provided g 3

stored in first-in first-out (FIFO order (reading fromleft to right
in the figure). The arrows "~ indicate how the IPD transformns the
sequence of states in the state queue into the 5 MIs stored in the | PB
(whi ch do not correspond to Figs. 5 and 6). The i ndication "C. 1/8,
Wall, Street, H ghway, etc."” refers to exanpl es of constitutional
constral nt stat es that arise fromthe phyf%cal construction of the

communi cati on system which vm || be descrtbed in nore detail below It wll

be understpod t hat P be | nt ed by a w de
variety of 10IP %W@F%&I T@@E’Srﬂ‘a rregt?Py%E’ sasta o

Det ection ( Wst  the most recent N aaﬁegﬁwem th&'mtparsvow@tﬁﬁﬁe- based

on the MC node tate gueue, theIPDcarrles out a

movenent ci r cfisst-gat &HFO)mrdemadmg from left to nghtnprthc;ﬁggreb hd’hbcdrtm ng

V00 and. et hosiesi Bk e tFl0 cnsopma e il of ek in e S gl i d°
descri bedgi n {@FGoRfl i ﬁa m@gﬁmﬁqﬁm%ﬁ@sp&n tH/Pigd) 3 hei gt frgels may be

i mpl errented easily in rdware and software in any of the m)bl | e stations,
base st adicatien "@d/8pWalle Street, Elighway; exte.&retets to exanmpléscof
radi ot el ephone cqQmuni cati on

. 20, .
“maxi mum nunbefonstHtugional.constraint, states éﬁ%sﬁt&g@%ﬂé@ qbéllsmﬁ%%&imuon eftbﬁ t he

j-th MC and | @mﬁﬁﬂﬁﬁ b@hith Wil be'@sscAbSY i mtS&eaetau%me Rfwill be
states (where ?\ﬁﬁﬁ FI FO order and a nunber of MCs (where

1 <j <M inumdersthod mu@nﬁnancbﬂuem |maﬁbﬂampimurcdrbaumyndeovariw o6l | owi ng

L 4

. steps. 25 1) IF S[err] is a
stati ona|19 st%&’B’CBﬁ‘o‘&l Gtﬁﬁﬁﬂwg’f‘%y circuits. o | | F FOR i
= k-L to 1, i ' (f,d)r any t, and for '
k-i > L) and or a , .mark the state sequence
[

Sl[err] , S[err] Ingem;a;mg]masragy patigrngbased on the MC model from states in the
state queue, the IPD carries out a movement circle detection (MCD) method
comprising the following steps, which are also illustrated in flowchart shown in .

15 Fig. 8. The MCD and methods in accordance with Applicants’ invention are
described in terms of C-language :pSeudocode, by which the methods may be
implemented easily in hardware and software in any of the mobile stations, base

y stations, and mobile switchiixg’ center of a cellular radiotelephone communication
system. | ' | _

20  Let N be the maximum number of states in the state queue SQ; let MC,

| bethe j~th'MC; and let other terms be as defined above. Keep a queue of k
states (whete 1<ks N) in a FIFO order and a number j'df MCs (where
1<js M) in a LRU replacement order in the IPB according to the following
steps. . | . | :

25 BEGIN |

| 1)  IF S, is a stationary state or a boundary state,

IF FOR i = k-L to 1, if any S;,==S$,, (for any t, and for
k—-i> L) and Sg.,'.is a SS or a BS, mark the state sequence
[Sii-ut> Siv1eegs --+» Si] as a new MC;

30 ENDIF;



30 | ENDI F; VO 96/ 13951
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'ELSE GOTO EN%?"”“’"’”l ENDI F; 2)  PCE/SEPSHOIIEmL €
in the new MC is a boundary state, mark the new MC as
"boundary priority" with boundary priority paraneter 5 B
=B+1; ENDIF; 3) Conpare each new MC with each saved MC,
i.e., each MC _ al ready stored in the |PB,

IF p > [err] (matching), then i ncrease the priority paraneter

p of the saved MC by 1 and cal cul ate the freg-pency 10

paraneter F of the saved M ELSE

IF [err] < p < [err] (parti then mark the | atest

mat ched stat es as "forked sﬁadt%gw ’h MCs;

ENDI F; 15 IF; Save the. newNCmtotheIPBln

LRUrepI acenent order;

Renove the sequence [SDerr]IF @y@mqmthe @%m}sab@mdeaestypamkthenew MC
queue, err] and
[err] are nunbers such that ONE“T%'FY ?n%nr[y rw:fhlg&%dﬁ%épﬁ&‘i@ are“g{ationary

States; BS ame Boundary St @ esg+i; ENDIF?, 3, ... is the length (in
nunber of states) of the shortest MC stored in the IPB;_and p is_ th
first-class mat 3di ng Govapare eaakicneys MGravith each sayed MG, lc,ee’nﬁcéeMQe | evel

that is set according to reqU|renents or confidence
| evel desired; usually, [eﬁwﬁ%ﬁqﬁ%ﬁ% - 0.975, 0.99, or the

like. The parameter [err] is a [gBrg IEHIXmmmgb,nGeiMmethapmntypammeter
represents the degree of mat chi ng betvveen t Wo. sequences. of states, such

t hat [err] 0.3, o 4, 0.m0f the sayad MEoby d and caleylate deozeayeney. . of
the states t ch; S C:brafmyF%?kﬁeeéﬁ%gdml [err] should be set
to at |east )0 5 because |nteres I ng

ELSE '

IF o < p < o (partially matching); then mark the latest
matched states as "forked states” in both MCs;

ENDIF;
15 | Save the new MC into the IPB in LRU-replacement order;
ENDIF; | | | |
Remove the sequence {S; .4, Sis1c0s ---» S¢J from the state
queue; |
END.
20 " Inthe foregoing, o, and o are numbers such that 0 < o, < ; < 1; SS

are Stationary States; BS are Boundary States; L = 1, 2, 3, ... is the length (in
nuntber of states) of the shortest MC stored in the IPB; and p is the first-class
matchmg index. The parameter «, is a confidence level that is set according to
the accuracy requxremems or conﬁdence level desired; usually, ¢ is set to 0.95,
25 0. 975, 0.99, or the like. The parameter o, is a partially-matching factor that
represents the degree of matching between two sequences of states, such that
o, = 0.3, 0.4, 0.5 . . . corresponds to 70%, 60%, 50% . . . of the states match;
it is currently believed that.a; should be set to at least 0.5 because interesting

results currently seem to be produced only when at least half the states in two

30  sequences match.



results currently seemto be produced only when at |east half the states in
two 30 3645 mat ch. WD 96/ 13951
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The first-class matching index p is an indicator of the degree that a first
sequence of states matches a second sequence of states having a simlar

| ength (state-matching). The index p is given by the follow ng
expressi on: [err] where nmerr] is the nunber of states in the
sequences that match, and N err] is the total- 5 nunber of states in each
sequence. Movenment Track DetectionigMrD) Met hod In '

generating itinerary patterns based on the MI nodel, the IPD carries

\%r{ cﬁ grr)\e/eg}agg .trrr ust rat-aﬁg |%9tfc%[%%rt hﬁown n @bp%tﬁgbée%&toy\hpsg e eps.

:\/E[Be”] dble trsequhenceloﬁ/itatesmatcheba sebmadr?eqnmémo%m&ﬁmﬂsmm ) ,
an et other par ﬁekgs e ags deril pned, a eep a, queue O st at es
s iowin

(where 1 < k ssalq;mrtﬁhlag r"&?ﬂvﬁ’é g CXPRCSHALS (wher e 1
<] <M inthe IPBin LRU replacenent order BEG N 15
1) IF S[err] is a stationary or boundarynstate,

FORi = k-Lto 1, IF Slerr] is a SS or. BS3¢for any t, and for -

k-1 > L), mark the sequence[S[err] S er .., Slerr]] as a

new MI; ENDI F; - ELSE GOTO END 20 ENDI F;
2) | F any véiese 8 jis thernumbey, o states in %mpgﬂsmtraatchaand Niis thewotair

?er]bogn%a HEHBPJ’::bfyme\émlﬁ Qa&o&aq%cg priority par amet er
' ovement Track Detecti ethod (
In generatmg itinerary patterns based on the MT model, the IPD carries
out 2 movement track detection (MTD) method compnsmg the followrng steps, Ny
which are also illustrated in flowchart shown i m Fig. 9. |
10 LetMTbetheJ-thMT lethethemaxrmumnumberofMTsmthe
IPB; and let other parameters be as deﬁned above Keep a queue of k states
(where 1 < k < N) in a FIFO order and keep a number j of MTs (where
1 < j < M) in the IPB in LRU replacement order.
: BEGIN
15 1) IF S,,isa statmnary or boundary state,
FORi =k-Ltol, IFS,,lsaSSorBS(foranyt,andfor
k-1 > L), mark the sequence [S.,_,,, it tams +ees S.Jasa
new MT ENDIF;
 ELSE GOTO END;
20 ~ ENDIF;
v 2)  IF any state in the new MT is a boundary state, mark the new MT
as "boundary pnonty " w1th boundary pnonty parameter

B =B+1; ENDIF
3) Compare each new MT with each already saved MT
25 ' - IFp=2 a. (matchmg), then i increase the pnonty parameter

p of the saved MT by 1 and calculate the frequency
parameter F of the saved MT; '



3)7 Conpare each new MI with each al ready saved MI, 25
Fp>[err] womsassgg), then increase the priority parameter

p of the saved MI‘by 1 and cal cul ate the frequency PCT/SE9S/01198
paranmeter F of the saved MI; WO 96113951

PCT/ SE95/ 01198 -19-
ELSE ' IF [err] < p < [err] (partially
mat chi ng), mark the : ~ latest natched
states as "forked states" in both Ms;

ENDIF;, 5 Savethet&-wMI'lntothelPBln

LRU-r epl acenent order; ENDI F;

Repl ace the new saved MI with agiSEn the state queue;

END. In the foregoing, is the first-class matchi ng |ndex
[err]. and [err] are 10. numbers sucﬂgt%aﬁ B < qicpattially ragtehing), markdhe s a

Pointer State; L = 1, 2 3, ...is atestrﬁﬂ@heﬁ‘ﬂt@g Lﬁﬂ%k&t&éﬁs@wfwﬂ‘t

states) of an MI. It will be noted t using ol n
i nst ead of "another state is advant agmm;ecause it avoids

dupl i cati-on. th i on Predictor The Eﬁ&j on_predictqor M
i ncluded in Bpplicants' MW genéaé{@@!?new MT W@d’i’%?ﬁ)ﬁb -FoplaceragRnt ofder; es
of novenment circles or novenent s by using regressi on and
correlation analysis of the cur fovenent itinerary with the |IPs

stored in the IPB. In general, tReplmthwﬂe\PQ\eﬂrMTWMhd’Svﬁthes&té qheues
state or a . sequence of future states. 20 Fig. 10

illustrates the operation &NPhe MP, which includes neans for

conparing input state 0 ﬁ&klﬁ St eper at ed by
t he MWP and rr'eaig%e ?’dr%éﬂ.n ifhg T ngNF'é%at é?&?&?ﬁ)?@%%ﬁ%% | PB
and for 10 geﬁemeétsrmmmmocts aﬂz d, fsthePS isnpRointerrStategLcat g2, tHat. is

di ct t th toJ { tch th
b1 cdi ot ed st at e, essinimuih lpetn(in aubes otate9ot an M rovibeneied sk N
mt ch the pred cERSRES %ﬁ%@ﬁ“‘%ﬁﬁmh eiflthgeous becurs Z‘Eﬁm“ "

mat ch the predic sinitra
duplication.
Motion Predictor
15 - The motion predictor MP included in Applicants’ MMP generates

- predictions of the next stat% of movement circles or movement tracks by using
regression and correlation analysis of the current movement itinerary with the IPs
stored in the IPB. In general; the output l?'ll)‘,‘It of the MP is a future state or a |
sequence of future states. _ |

20 . Fig. 10 illustrates the operatlon of the MP, which includes means for
companng input states provided to the MMP to predlcted states generated by the
MMP and means for matchmg mput states to IPs stored in the IPB and for
generating predxetlons If the comparator mdlcates that a prediction is right, i.e.,
~ that the current input state matches the predlcted state, the prediction is provided
25  as the output of the MMP. If the comparator indicates that the current input
state does not match the prediction, or when the MMP is initialized, a motion
prediction process is camed out to generate the next prediction.
When an mput state does not match the corresponding predicted state, the
sequence of input states beginning with the most recent stationary state or
30  boundary state is compared by the MP to each of the MCs and MTs stored in the



prediction process is carried out to generate the next prediction.

When an i npwp ogfiggsg does not match the corresponding predicted state, the
sequence of input states beginning with the nost recent stat |pzmgmh§§e or
30 boundary state is conpared by the MP to each of the MCs and MI's stored
in the WD 96/ 13951
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| PB. This matching process determ nes the best-matched stored itinerary -
pattern, whi ch becomes the output of the notion predictor. The notion
prediction met hod, conprising the follow ng steps, is advantageously
structured like a tree as illustrated®in Fig. 11. 5 Mot i on

Predi cti on Met hod (MPM Let- S[err] be the state k at tine t,

and let n > 0, IPBerFhis matching pragesscdetermines the bigt-matohad-siotsdritingranyTpattarny  MCs

h
or derandkeop, Whish HfGHEs ths SpPuPbf fe{shBEE proictor. “The fuofiof bebdpetel) {10, | pi
in a LRU repl agReid, cohfpeising/the Foll6w gm&pE,qsardwknmgédﬁklgld&ucu@éd e gred =

[0] and S[err] is not nmatched with the first state of Derr]
BEG N - . as illustrated in FigRlbach new inconing state S[err] conpare the.

new sequenge ” M d@ﬁr] Serr] ..., S[err]] with each MC
and M. stored Prediction Method | PB, (where S[err] is the | atest
SS or BS, and n > OXLet 8p, bemestatekat)umetLmaléunst»ml@a»sowadmtaemeng

| F only one stored MC or hasfulfllledthe -mat chin

g
requi renent wi maximemmunbespfdTs apd MCs i the nKeep a queue of k states (where

I\P/rlq,eEH > Og S[&Tl%lﬁléei&ﬂ?amoq{ray“d l?Jep %ﬁgﬂﬁﬁno storaﬂé%f) ""?%)Fr has a

p that matches 1thej & M) ichehe IPB in a LRU replacement ordey. s Alsep assamet PRy LODE! 1 |

Clerr] GOTO END, ELSE use second cI ass (n) matchl ng;
ENDI F; 10 - or PD,, 3 [0] an%&sléd@hmhﬁéém(hﬁhe tstatgpf P |
FOR all stored MCs or MI ng p that prratched vvlththe new25
sequence (p >.[err]) (joint states), IF only one stored MC or MI

1)  FOR each new incoming state S,,, compare the new sequence
[Sk-ni-tns Skenslimmes -==> Sk with each MC and MT stored in the
| IPB, (where S,_,,_,, is the latest SS or BS, and n > 0);
15 2)  usefirstclass (u) mawching:
| IF only one stored MC or MT has fulfilled the p-matching
tequiremeﬁt’ with the new sequence (u = «;), then
PDo. = [Sis1usus Skezszs ++o» Skemesen] O the matched MC or
_ - MT, (m > 0); GOTO END; '
20 ”  ELSEIF no stored MC or MT has a ¢ that matches the p of the
S  new sequence, then PD,,, = C,.; GOTO END;
ELSE use second-class () matchmg, ENDIF;
3) use second-class ) matchmg
FOR all stored MCs or MTs havmg  that u—matched with the new |
25 | sequence =2 ay, (|omt states), IF only one stored MC or MT
| has fulfilled the -q-matchmg reqmrement with the new sequence
n= 0!3), then PDout = [Sk+1 s Skezgeas ooe Sk+m.t+|m] of the
 matched MC or MT, (m > 0); GOTO END; |



has fulfilled the n-matchi ng requirement with the new sequence

(n<[err]) b%ﬁﬂa{gﬂerr] =[S err], Serr], ..., Y[ err]] of the
‘mat ched MC or > 0); GOTO END; WO 96/ 13951 PCT/SE95/01198
PCT/ SE95/ 01198 -21-

ELSEI F no stored MC or MI has a n that matches the n of the
new sequence, find one having a constraint state that is best p-
mat ched and best n-matched to the new sequence; GOTO END;

ELSE use third-class ([err]) matching; ENDIF;, 5 4) use
third-class ([err]) matching: ~ FOR all p- and
n- mat ched stored MCs or MIs (joint states), | F only

SERE P L e g g et
mat ched MC or M, (m > 0) nﬂéﬁxﬁ&@ fihd one having a constraint stafeLtBitFis YestS4-0r ed

MC or MI has a F that natches F of the new

sequence ([err] < [err]), matchecans best nrimateheddndhe aewisequence; GOTO END;
best p-nmatched, best “n- mtﬁﬁfuseaﬁﬁirdpﬁfsts ([I,Eéé“‘r c@eﬁgo t he new
r

sequence; GOTO END, h one stored MC or

Ml has a F tqhat matchgs t Rise tBird-class (%) matching: F of the new sequence
([err] < [err])), find one of the constraint states .
havi ng the highest p+B,  FOR all u- and n-matched storgg MCs or MTs (joint states),

FsNDt he eecond cl aslsnéz)he f%&@ﬂ ﬂg‘?ﬁ%‘%@é PFM ﬁ.ﬁﬁ@gfﬁ% I Rg'?)éhl Eg

i ndex, and the ot her t er Nereghi ifernént, PD ﬂﬁiih@&*&‘mxee /8350 H_L“qloflﬁ
foregm ng procedure, have n < [err t chi ng, *and have [err]

bndeM&] =
< [err] when [err]-matchi rigate P’éM"]' @ P&GPTQMnfldence

| evel s ass ated with th S ively,
whi ch Oﬁ*mtch t he spew& gg{}gnm eérdw&ss %ﬁ%&g&gﬁg?@t@
Because the speed 25 Ornehw Sequeme)dok a,)findlone aeing ScasRsintsthte thaY ie
hi ghly variable, the values of the par anet ers [err] err] need not

be as restricted as the vahegtea-naatcheﬁebmmmqus and best & ]“0 newhus,
the values of [err] and aA&e&@éﬁchGaTbE&ﬂ)S 0. 025, O. 005 ., depending on

ELSE (more than one stored MC or MT has a F that matches the

15 F of the new sequence (® < «,)), find one of the constraint states
|  having the highest p+8,
ENDIF; |
END
In"th'e foregoing, u is the first-class matching index, 7 is the second-class
20  matching index, P is the third-class matching index, and the other terms are as
desctibed above. Also in the foregoing procedure, have 5 < o5 when -

métching, and have & < o, when $-matching, where «; and o, are confidence |
levels associated with the second- and third-class matches, respectively, which
match the speeds or frequencies of two sequences of states. Because the speed

25  or frequency of a mobile user is gener_ally more highly variable, the values of the
'parameters o, o, need not be as restricted as the values of the lﬁarameters Q, Q.
Thus, the values of o, and &, can be 0.1, 0.05, 0.025, 0.005, . . ., depending on
the accuracy requirements or the confidence level desired; usually, o, and o,
would be set to 0.05 for the 95 %-confidence level.



L

the accuracy requirenents or the confidence |evel desired; usually, [err]
and a4 be set to 0.05 for the 95% confi dence IeveI '
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The second-cl ass matching index n is an |nd|cator of the degree that the
duration (speed) of a first sequence of states matches the duration (speed)

of a second sequence of states having a simlar length (velocity- or
ti me- mat chi ng) . The index n is given by the follow ng expression:
[err] 5 where: (tf[err] -t[err])[erri is the time interval between
state i and state i+1 in the first sequence (t[err] - tlerr])[err]

cequonce: Terr] " i cToniPREe Mekind BeR 0 So ety hﬂﬁwmlresm?ét%‘é?tdf or

time interval Sdmp(sfded)rbfhpﬁfsﬁ s&juenédof States m@ﬂﬂd&ﬁ%ﬁ%&?ﬁéﬁ{)he odul us

m nut es; and is the nodul o _plus operator
is 24 for ti WF%WM statphaving @ similarolength {Meloeity-farrtime-matching)r val s

measured in m ss matching index [err] is
an indicator o ﬁae’&ggng etnhba?'t OHW’@?%%QT\W- of a first sequence of
states matches the frequency of a second . . sequence of states having a
simlar length (frequency- or per| od- Ft chin Referring to Fig. 12,
which illustrates how a user noves thpouffh,v gf‘r(aust‘)gﬂat es 15 (indicated
on the vertical axis) as a functhoa m"ltl ne (indicated on the horizontal
axis). the third-class matching i ndef:- err] S determ ned as follows. The
Si X novenent circles depicted i @(q,, interpreted as .
recurring with di fferent frequesic es Ferr where Fl[err] is the
frequency of the two | onger movenent circl es and F2 is the frequency
of the fodr shwerer (hnvendnis dertimeinteryal between state iTnd state g#érinyghé-firnf an

M- or an MT ISse ‘x’:%é‘ t&:,t he fo'l!hgvt\{nrzleqmterval between statelandstate i+1 in the ¢

second sequence, is the modulo minus operator, where the modulus is 24 for
time intervals measured in hours and 60 for time intervals measured in mmutes
and "@" is the modulo plus operator, where the modulus is 24 for time mtervals
10 measured in hours and 60 for time intervals meas_ured_ in minutes.

The third-class matching index & is an indicator_ of the degree that the
frequency of a first sequence of states matehes the frequency of a .second
sequence of states having a similar length (frequency- or period-matching).
Referring to Fig. 12, which 1llustrates how a user moves through various states

15 (mdxcated on the vertxcal axis) as a funetlon of t1me (mdncated on the horizontal
axas), the third-class matclung index & is determmed as follows The six
movement circles depicted in Fig. 12 can be mterpreted as recurring with
different frequencies F,, F,, where F, is the ﬁ'equenc)‘r of the two longer
movement circles and F, is the frequency of the four shorter tnovement circles.

20 The frequency F, of an MC or an MT is given by the following

expression:



expr essi on: WO 96/ 13951
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N [err] WO%{HBMle n = p + 1. The frequency Flerr]' of a neRCI/SESSHLINg
sequence of states is gi ven by the foll ow ng expression: [err]
as seen in Fig. 12. Thus, the third-class matching index [err] I's given by
t he fol l ow ng expression: [err] 5 where [err] 0 indicates
exact matching. It will also be recognized that the third- cl ass
mat ching index [err] is given by the foll ow ng expression: [err]

where F[err] is the frequency of a first on§3of t he sequences bei ng mat ched
and F2 is

n

Fy = —
Lk
k=1
wheren = p + 1. The frequency F,’ of a new incoming sequence of states is
given by the following expression:
. -
F. = —
k T,
as seen in Fig. 12. Thus, the third-class matching index is given by the-
following expression: -
n
2 I
®, =
_ P nT, .
5  where $, = O indicates exact matching. It will also be recognized that the third-

class matching index & is given by the following expression:

= |f_1_1|
F,
where Fl is the frequency of a first one of the sequences being matched and F, is
the frequency of the other sequence bemg matched.
Referring again to Fig. 11, if only one stored MC or MT has fulfilled the

10 u-matchmg requirement with the incoming sequence (z = o), that one is

provided as the prediction by the MMP. If more than one MC or MT has

fulfilled the p-matching requirement, then the second-class matching indices are

examined. If only one stored MC or MT has fulfilled the y-matching

reqﬁirement with the incoming sequence ( 7 > ¢;), that one is provided as the
15  prediction by the MMP. If more than one MC or MT has fulfilled the »-

matching requirement, then the third-class matching indices are examined. If

only one stored MC or MT has a F that matches the F of the incoming sequence,



t he frequency of the ot her sequence bei ng mat ched. Ref erring
again to Fig, only one stored MC or MI has fulfilled the 10

p- mat chi ng reqU| rer'}ent with the incom ng sequence (p > alerr]pcrsbasioifge | S
provi ded as the prediction by the MMWP. |If nore than one MC or MI has
fulfilled the p-matching requirenent, then the second-cl ass matching

i ndi ces are - examned. |If only one stored MC or MI has fulfilled the
n- mat chi ng requirenent with the incom ng sequence (n > [err]), that
one is provided as the 15 predi ction by the MW. |f nore than one MC or
MI has fulfilled the n- mat chi ng requapgq.enment, then the third-class
mat chi ng i ndi ces are exam ned. |f only one stored MC or MI has a F

Lhat matches ! b bnfis bibvided SR e Brodfih yothe MMP. 1t Whkftad SR8 MC o MT

PCT/ SE95/ 01198

t hat one is pr has d@&ithasmatohesrthen dtelsequdmemhang/modsﬁmuona cohstraimtseatd/C or
MT has a . F tthha mat ches, then the, se B@/l ng.a, constitutional

constraint st afdth the highesf priority pParAmgterse lsp!"i iction by; the MMP. ded
as the prediction bypthe M gﬁs&l { nt
states . used in the ITB.tECEI ng tborng(l:gggsstrglrnésggegeuggfgf httc hgﬁymggﬁsﬁ{sg&
constructi 6n obn thephysical consttuction eflﬁteeuunmtmcauunsyktemmrwhmh ishimown to the
systema priori. If the ISI nen in,a nobile statian, this
physi cal SyS¢EsR 2 PriRel-i m\‘i\qﬂt{ W%E‘ 3 mehilsstatiog. this phyical o

t hrough over he lm q;g r8Vidad 6 tHe' M &R&f‘é ‘@a%f asis for
the constrai nte%{sat etslorlls Scaﬁ sgrat ed 1n Fi ggiﬁhwa h1‘:’%b. g

As i ndi cat ed "byneBsages seim,onea cmimol ehannelr The basisi fonthe consteaintcstdtés, issay cel |
0, can veta gg f% the six adjoining cells 1-6 in the sane
pl ane and llustrateg;in Ay 38-hat might be above and bel ow that pl ane;

thus, in t ie absenc ht
adj oi ni ng ceI S maygg %tecrl]g ﬁghﬁ %Obﬂgﬁg éa?&pm%g@eﬁ %y’hﬁ?ecfﬁégl f

t he user nopvescaminowe o yny anciofrtl;e six adjoining cdlst 1-6rln thelSame plage add@b

| lustrates a si.cal .co r n 0 s, at .0 nd of a
l:orlrji dor that g‘gg I l% tﬁ%‘cfgﬁhu &Bﬂ{geral\@@?eﬁ?\agp% I H’Fa’c E‘Wes‘{fstem

woul d know a p } BRbrriatidRb ehch oF@bsd SigRNAj ﬂoﬁ; pass
t hrough a vvalliﬂf&thﬁehg%rrldor and entser one of t he ot her ce Iﬁﬁpﬁgﬁ

i nformation . with a probatiilityuefoly8tif thedeser imioves hniformiy trandomly in alledirections.
15  Fig. 13b illustrates a physical configuration in which a door is at one end of a

corridor that is also joined by another corridor. The communication System
would know a priori that 2 mobile user in one of the corridors cannot pass
through a wall of the corridor and enter one of the other cells. This information
can be used to identify the constraint states. '

20 The process carried out by Applicants’ Mobile Motion Predictor MMP |
cen- nbw be sunimafized by the following pseudocode, which is illustrated in the
flowchart shown in Fig. 14. . |

BEGIN
1) IF an incoming S, , is a new state, DO steps 2), 3), 4), ELSE DO
25 steps 5), 6), 7), 8), ENDIF; '
2) FOR each new incoming S, ,, keep a queue of K states (where
1 € k < N) in a FIFO order and mark S as "Boundary State"

based on the cntena,



20 The process-carried out by Applicants' Mbile Mtion
Pr edi ct or M\@oml%ysécan now be sunmari zed by the foll ow ng pseudocode,
e

“which is illustra inthe fl onchart shown in Fig. 14. PCI/SE9501198
BEG N 1) |F an incomng S[err] is a new state, DO steps 2),
3), 4), ELSE DO 25 steps 5), 6), 7), 8), ENDF;

2) FOR each new incomng S[err], keep.a queue of k states (where

1 <k<N inaFIFOorder and mark S[err] as "Boundary State"

based on the criteria; WD 96/ 13951

PCT/ SE95/ 01198 -25- - 25-

3) |F the length of PD[err] is greater than unity, and S[err] is

p- mat ched : ' fis Qf: rqd | ;e P2 =
PDerr]-S[err] GOTO s?)ep 955;. the 1ehgel of D, if BFealer mﬁgé}‘&’?%ﬂ S is f%%h%h@

execute notion prediction withhhelficsvStdre of BD,,,, PDo, = PD), — SJ,FGHTO step %; =
Sferr] (for T > [err]), mark ?{:err] as "Stationary State".
based on the criterion; ENBNPIF; - 6) execut e novenent track

detection (MID) net hogh - Y. iction SeiRod a@%emsnt circle
detection (MCD) net ho‘?ﬂi’; executemononprghclo Keep a nunbér j of (MCs + MIs)

in LRU-repl agenent or§er iIF 8Q == S, (for 7 2 7,), markl $;Bas ('SfatiomarPStatg" < M ;
9) Repeat fromstep 1); L _END Usi ng
Applicants' invention, nobbased g the fEtetion; ENDJE: npre intelligent in

data cachi ng and pref g chi c%%@%&ﬁ%d@é&@olfmitﬁ&ﬁwn and nobil e
.g., Ih's

file 15 systens; informallon nmanagenent, e ) efecting information
transm ssion - forys, etecute movenrent circle detsction MCD) methodpnagenent ,

e.g., in balancing network traffi d 1 C nne] all ocatiqn,
etc. Mbbile data conm®hi caKF%a\BPF!bC‘bbJ(ﬁ?g ﬁﬁ@%@eﬁﬁﬁrfﬁ frameny ordex g

service quaksty wll be be < i The operation of Applicants'
MVP has bee#)si nmul at ed, an%ﬁﬁBe’ ﬁ‘”ehseﬁ? ?s—o'f 5281)’ the simulation will now be

described with refere@ce tRepéagfroibstepil);ch shows an exanpl e of the
normal i zed results of a siE%ati on of Applicants’ MW in which
Using Applicants’ im)ention, mobile tenminals will be more intelligent in
data caching and prefetching management for data communication and mobile file
15  systems; information management, e.g., in selecting information transmission
forms, etc.; and network utilization and management, e.g., in balancing network
traffic and dynamic channel allocation, etc. Mobile data communication will be
more user-transparent, and service quality will be better.
The operation of Applicants’ MMP has been simulated, and the results of
20  the simulation will now be described with reference to Fig. 15, which shows an
| éﬁmple of the normalized resuits of a simulation of Applicants’ MMP in which
the number of states was 100, the -léngth of the state queue was 500, the size of
the IPB was 500, and A, was 0.05. The operation of the MMP for a period of
five weeks was simulated. ' .
25 - Fig. 15 shows the relationship between a prediction ratio PR and a
randomness factor. The randomness factor refers to the proportion of a
movement that is due to pure chance; a randomness factor of unity means a
particular movement, or transition between states, was completely random. The

prediction ratio is the ratio of the number of correctly predicted states to the total



t he- nunber of states was 100, the length of the state queue was 500, the
si ze of | PB was 500, and [err] was 0.05. The operation of- the MW
for a perW&?"& five weeks was sinul ated. 25 - PCT/SEY01198 shows

the rel ationship between a prediction ratio PR and a

r andommess

factor. The randommess factor refers to the proportion of a - novenent
that is due to pure chance; a randommess factor of unity neans a

parti cul ar

The prediction ratio is the ratio of the nunber of correctly
predicted states to the total WO 9@/ 13951
PCT/ SE95/ 01198 - 26-

Paepe” O Rihogek B S SaBE PR Bl o ks T Ry e ] "
“optimum' |1 Qg grgdmioggge@dﬂu,best (theoretical) result, [

novenent, or transition between states, was conpletely random

the

. €.

, i f

there is a regularity factor X in a nobvement (i.e., the randommess factor
5 is 1 -X), therdntltig. p3.cthecopdmumatling is shecexpected hestheoresicahresultyi g. 15

that the

the. daened | e RifitteT gq‘%‘ﬁ@“gﬁ%ﬂ ?ﬁxﬁo@@gﬁf_’ggjmﬁl el bl |

results. sThe jgi

95% 10
assunptions
in a real -

f
simulated MYER repulig track thereptisausm lLineidyite well &he dashed ling img

ottt 1§ Bl med el didiin RESE e SmdfGn NP R

mobi | e’ s novipptiéeteffioiRnty) Whichiiy ! fado of Ahe\prediction rafis ffiRGeflafityve a

mxytdesh tdfPrédiction ratioris &li It canrbecseden Fioin Fig. 1hthatithes t he

ratio of the prediction ratio to the regularity actor, was about

i ons

uniformdistribution; in other words, no constitutional constrai nt (

states were factor, WascaboBh8%%ai nt out puts were zero). 15 .

Al so, the

o =con B 11 ATERARLARTHL BB S IO A0S e ©

accor di Ng t 0 that would het Adessarilygefleet edriditiasiin:a rehlewodld situationiare [err] was

t he unadj usted density of_ the assu

) med. P
mobi ity faciParticntar; Bisprebabiliy Qfra mgﬁ%smm,

Poi ssqn g_loaéé'l%bﬁl on. The 20

dai l'y

ty2en otheelA was| at ed

time of day: \Mined%o Ha0k atiniformHilaiBaiord AR Settr vwotds, R0 Cordtiuribfar= 4 for

15

20

25

constraint states were used (the constraint outputs were zero).
Also, the time intervals between consecutive states were assumed to have
a Poisson distribution, which was adjusted by a daily mobility factor according to
the following relationship: .
A =N 'MF
where )\, was the unadjusted density of the assumed Poisson distribution. The
daily mobility factor MF took on one of three values, depénding on the simulated
tirtiesof day: MF = 2, for times between 2000 hr and 0600 br; MF = 4, for
times between 0830 hr and 1600 hr; and MF = 8, for times between 0600 hr -
and 0830 hr and between 1600 hr and 2000 hr. This behavior of the mobility
factor is believed to approximate real-world behaviors sufficiently closely.
Applicants’ Mobile Motion Predictor can be employed in an aggressive

mobility management scheme that may be called predictive mobility management. |

The MMP predicts the location where a user will be based on the user’s
historical movement patterns, and data and/or services are pre-connected and/or

pre-assigned at the predicted location before the user gets there. - In this way, the

4



ti’rres bet ween 0830 hr and 1600 hr; and M = 8, for tinmes between 0600 hr
and 0830 hr o dgako¥gen 1600 hr and 2000 hr. This behavior of the nobility
factor is believed to approxi mate real -world behaviors suffici BEI/§EISN1198

closely. 25 - Applicants' Mobile Mtion Predictor can be enpl oyed

I n an aggressive nmobi ity managenent schene that may be call ed
predictive nobility managenent. . The MWP predicts the | ocation where a
user will be based on the user's hi storical nmovement patterns, and
data and/ or services are pre-connected and/ or pre-assigned at the
predi cted | ocation before the user gets therg7-In this way, the WO

96/ 13951

PCT/ SE95/ 01198  yser can obtain access to his or her data and/or services at the predicted fofation
user can obtain access to his or her data and/or services at the predicted

| ocat i on withh virtuallyahe samér efficiemcy a$ fat dieqpreviousslogatiothe prievi ous
| ocation. . ‘ ~To. distribut.e network, servi ces _and resqurces ¢l oser
to robile users, i.e.,T° Elstnc{m%q PEHORK, FRIcS L paf} FESOuRGes ‘?18%3?6@%&}*{5! ¥€in

wireless data netjyQirspide SerVitRidn resource bty ROwheRS détkméwotke] MYBile | ©
Distributed System™Platform A%ent (MDSPA) can be inplenented wth

Applicants' NWwP. Roating-Agenst{MFA)andsa Mobile Digaibuted System Platfooini Ageng of
i ice | ogic in the L ving. . K . . lity of
service requi romdhaSEAS et e ipRmelied St ABRcatsd MIGE: | Seryiceandlilfrsl ©

as the mobility Qfet‘ihé‘&ﬁﬂlfe%obiﬁb&cbf?ﬁio%‘é%&ﬁ'i@e%gi%/iﬁrtﬂgﬁﬁd&uiﬁgsﬁ&w@ﬁé€bniééler
10 prograns, etc., in the undérlying network To neet quality of service

requi rements qualityf oft seevioe pequirements of thertiobile ysars.n Rgsomroe mobility dp defiriedom
user and term nal Lobil ity is reguired fo nagi ng.the. service and
resource nobil ity the mobility Of reso}./uicgs,eqnf:ﬂefé}q%? %85?‘“?%6‘?%4 L, WEEh user
and each terqg nalpy tc., m&ﬂaaﬁaawﬁémhetdﬁ@ae@ﬂmﬂfs&wh@%@&%&g&

5 al | | ce data

e
by respective agéents, which contai n. - service |logic and ser
rel ated to the usfrthomobieusers! Mobilityomanagement developed frommusari andtterminal
' The .users/termnals are connect ed

[ f th o] gt inal . -
tsgszgggzsonogeg :ﬁ%’“&r’ﬁgﬁr nr’l‘%,agoﬁmfn?ﬂ&g ?ﬁrglcf) ﬁfgmfcﬁép?blggrvi ces in

serving nodes. |n netwWy &ficiedfl safpdrih ot @it dnd dadh Wihindl iRaypase
station controllers act™ as the access nodes and the MSC, wth its

i nt egrat ed vi si t advanageonsly beirepresentidsinghe natwork by respentive agentsi, whiclocentaind

a visited | tion. Vari pus .aspect f h_intelligent networ and
2gents are dooor AT [ERni.sepbS BRR celafke, 5 i wieR oF repitifl i ool A
Architecture for chamfigidtion StRfvAsd teCaser OF termitial C SEHRMisers/terminals are

| connected to access nodes in the network, and the agents provide their services in

=

serving nodes. In networks such as the GSM network in Europe,-the base station
controllers act as the access nodes and the MSC, with its integrated visitor
20 location'registe'r, acts as both a serving node and a visited location. Various
aspects of such intelligent networks and agents are described in L. Séderberg,
| "Evolving an Intelligent Architecture for Personal Telecommunication”, Ericsson

Review vol. 70, no. 4, pp. 156-171 (1993), which is incorporated here by
reference.

25 Referririg to Fig. 16, the MFA can be implemented as a process or set of
processes, executing on remote fixed hosts or routers, that communicate and pré-
connect with local host resources and that manage a variable replicated second
class data cache on behalf of a MDSPA. A MDSPA can be implemented as a
process or set of processes, executing on a home fixed host or router, that



Review vol . 70, no. 4, pp. 156-171 (1993), which is incorporated here by

r ef er ence.w@%6/13951 Referring to Fig. 16, the MFA can be inpl enented
as a process or set of processes, executing on renot e AOT/SESSHLII98 s Or
routers, that conmuni cate and pre- connect with | ocal host resources
and that manage a variable replicated second cl ass data cache on
behal f of a MDSPA. A MDSPA can be inplenented as a " process or set of
processes, executing on a hone fixed host or router, that WO '
96/ 13951 _ :
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communi cate and pre-assign a MFA to renote fixed hosts or routers on behalf
of i t somshunicate [apd pre-assign a MFA to remote fixed hasts orerobiess on behaflofSyst em

Pl at f orm ( MDS the MFA are desi gned to cope with the varying
bandwi dt h and@cxﬂﬁﬁﬂecfﬁ?ﬂtt Tof different 5 conminication |inks at

di fferent |ocationg Mobild DistHBREd System Pladodh MISSIOUriiGthe MFA ard0Pi 11 tY.
The MDSP typically includes Location-Sensitive Infornmation

Managenent ( ldesigped tmeopeowith sheivanyingi bandwidthaind Iconpectinity @f différegtPMV)
functions,in order .t Q. suppor Lfferent.applications, such ag nobile file
Gyotens, S campeton s lficreSt 1BFRHsR e B Sor srtier and ree S v
functions | n\aeBifityl0The MDSPTERSicAly SRRids LBCatRAlSEnsiRive ThforMRAM CCS

(including hardware and software resources, network connectability,
types of comianagemenh(IHyhooetionsantRredictive MobilitytManagement (FBMM)y t he
systens or networks.in ef i ned raphigal. area. . The .. . PM
functions in “ﬁﬂ‘é&}"?‘}'%ﬁgp&ﬂn ﬁﬁ%gﬁgapp@capgm hh-as mahils,file systeras, .
Virtual - mobile intelligtpt actworking| ee. Amqsﬁefﬁm%iﬂsm'ﬁn&ﬁﬁﬁ ctions,

whi ch assign the agentééfS to _dlgfferent | ocations accor |nngvf°tw§ t he '

| ocat i onlGor ednformatien abaut the sarviges; or vasewrces (including dhacdware and softwane
servicel/resource _mobilitv. o The LSIMin the NMDSP ges the
| ocat i on- sen&%ﬂﬁ?&”ﬁﬁﬂ’%ﬁhﬁw’ types ; Wﬁ%‘h@mﬁﬁcpf éYagﬁ_glaeser vi ces
of fered by t k. yplivided by thssystess Ot hetwortts i 8'defihed geographia®apal TR

| ocations. Also, the LSIMintorns both themz;BBI I catrons "and the 20 agent s

in the nobi | ®MM fanctiors isyolve ipreietians 95 the mobile terminalia locationcan Vimtual-

ror O™ o DifRbted PEAdd Buerd Kosfuient CEARY RRTRRS, SR aiilen B deRun g
several 18er veg different logativns aotveding o dhd foeaet pRaRGbAD BAE pRIVERSservibe 2 MODI | @

term nal were to nove from | .
pre-connection and service/resource mobility.

The LSIM in the MDSP manages the loca_t_ion-s:nsitivé information and
maps it to the different services. offered by the mobile infraSﬁucmre af different
geographical locations. Also, the LSIM informs both the applicatibns and the

20 agents in the mobile network supporting the applications abo_ut_cﬁahgés in
location of a mobile terminal and provides dynamical service connections. For
exatﬂpl‘e-, suppose a network has a distributed file system and several servers
positioned in different geographic areas. If a mobile terminal were to move from
a location near one of the servers to a location near another server, the LSIM

25  would inform both the second server and the cache manager in the mobile
terminal that the second server is the nearest, should a fetch of a file be requ'ired.

With ﬂle support of the MDSPA and the MFA, service logic and local
resources are unbundled 'from the underlying network and can move around,
following their mobile users. Furthermore, by using the predictive mobility

30 management functions available with Applicants’ MMP, the service logic and

-



a location near one of the servers to a |ocation near another server, the
LSI M 25 vvog*.(g,' m both the second server and the cache manager in the
“npbi l e efmnal that the second server is the nearest, s OO ch
of a file be required. =~ Wth the support of the MDSPA and the
MFA, service |logic and | ocal resources are unbundled fromthe
underlyi ng network and can nove around, follow ng their nobile users.
Furthernore, by using the predictive nmobility 30 managenent functions
avail able with Applicants' MW, the service |ogic and WD 96/ 13931
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resources can be pre-assigned and pre-connected at the places to which a
user Is MOydsBrces can bc pre-assxgned\hﬁd) pre’éuiine&tad bt the\P¥ates a6 whitheARbRYied

i n maki ng connection handoff and cell reselections nore efficient.
Typi cal |y, a nobmoying:| ephone whi |l e canped on & given cell, maintains

a priority |ist oflnf rmat 1 Qn_con n Js it
m ght canp. The nobi l %téﬂﬁ&cq‘tﬁe@? F\gtbﬁeﬂp&ﬁq SW%‘H@? %BH‘S :
scanni ng the conpsPlels ideelisnsins. dfifichlor THpiedlly2 &l MEBIN teféphbfe, while
“Applicants' MW can reduce the nunber of control channels that woul d be

scanned and Seducampédonargiven ell, imaintaina @i priority lishef informatiop conearning
causing to be 10 scanned. on cells tes for
the user to moveaiapent cells to Shith' 1pmxg tcamp. t‘? @gﬁﬁﬁb@}%qﬁ%{gﬁﬁﬁ& nbody
the invention injgFegaaidChy Qiaﬁﬁm?ttﬁ@éontrol chaﬁxiwd‘pdsbibl‘aefoﬁl%ﬁﬁf ad;ectnabaxse

iri

w t hout departing fromthe of the invention. enbodi nent s

descri bed above Applicants!| can redues the nusabes %Gpﬂﬂ'ﬂcﬁwls that wogkhbe der ed

restrictive in an he, scape
the fol | owi ng cl 5‘?/%&?3‘? ﬁ% ﬁ%@&%ﬁé@ﬁﬂ%&ﬂﬁ@s@§pgﬁh§{]fﬂt%ﬁrgc£ 'Iné%0 be
variations 30 canne Gmyvﬁbfé"ééﬂs\ﬂmt%ré BikblyVdahdidsees ifer e ¥ber i mbvieingd.ai s
are intended to % raced t her ei n. WO 96/ 13951 .
It is, of course, poss1ble to embody the invention in specific forms other
than those described above without departmg from the spirit of the invention.

The embodiments described above are merely illustrative and should not be

considered restrictive in any way. The scope of the invention is determined by
15  the following claims, rather than the preceding description, and all variations and
equivalents which fall within the scope of the claims are intended to be embraced

therein.
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WHAT IS CL %D IS: ' 1. A net hod of predicting a next
| ocati on of le terninal based ‘on stored previ OU%dl%i%A;ﬁ% of
the nobile termnal conprising the steps of: '~ conmparing a

current sequence that—+netudes the current |location of the 5 nobi | e
termnal and a plur of previous |locations of the nobile termnal to:
each of a pluralit Iim,m ﬁuﬁtm’nﬁces t hat each include previous

| ocations of the nal - sel ecting one of the
stored sequences based on at" | €ast' one guantitative measure of a
degree of matching between the current seqtd®nce and each stored 10
sequence; and 3 predi cting the next |ocation of the nobile
term nal based MIATQSS@LAMDIS one of the stored sequences.

2. The nethod of claiml1, wh n the pluralit stored sequences
i ncl ude movement cirkles érmethetieﬁemd“iqng&wti%caymn of a mobilg terminghbasgd; hod

of claim i, V‘het{rpgét&eﬁ reRbud tb‘?:aﬁ&%r & BEUHRIE tertniha com m?ﬁﬁh@%{eﬁg opased on
aratio of a nu ocatlons I'n e current seque are the
sane as locations i rt:ompmrmgedcm'mmeeqmnmmaamchtdas thet ouprent Iﬂcahm:efthens in
the current_sequence. wh rein one

hod |
of the stor¥d @%@M%a Pl‘srép@c?fel?fe?"&]‘?ﬁ%? 3 s‘gj&hc i ive

durati on of ea e net

»

reasure of a degrggeblie %gﬂ;‘ﬁ&eﬁ%ﬂﬁeﬂc@@mﬂ each lﬁaﬁa@%vﬁgqﬁag&wﬁges a

4, wherein one mdbbll&tErminal ed sequences i's sel ect ed further based on a

guantitative neasure of e a frequ he curr.ent
sequence natches a fﬁe&ﬁ 9g8f§§a§ Qtsﬁ ggseeﬂadéqlegatkqgst one quanfitative; (

An apparatus fgpe €4 UEted oﬁﬁ'ﬁtcﬂni%ﬁéﬁ»@&x tHe curféRbbdqiehd! dAdékh stored

based on previous [ocati ons of the Ile termnal conprising:
a menory fHy stsequelge;smqbences of previous |locations of the nobile
term nal ;

| |
conparing a current. P¥ ‘Ct‘%alfe‘?ﬁ‘e OmﬁggPﬁ@?ﬁg@mﬁgnﬂaﬁ?ﬁﬁ%ﬁﬁaﬁ%f t he
nobile term na'on@"&?tﬁe Qﬂo%@idq{lé(nces

2. The method of claim 1 wherem the plurahty of stored sequences

include movement c1rcles and movement tracks
15 3. The method of claim 1, wherein o_ne of the stored sequences is

selected based on a ratio of a mumber of locations in the current sequence that

are the same as locations in a stored sequence and a total number of locations in
the current sequence. '
4. The method of claim 3, wherein one of the stored sequences is
20  selected further based on a quantitative measure of a degree that a duration of the
' 'current sequence matches a duratlon of each stored sequence. '

5. The method of claim 4, wherein one of the stored sequences is
selected further based on a quantitative measure of a degree that a frequency of
the current sequence matches a frequency of each stored sequence.

25 6. An apparatus for predicting a next location of a mobile terminal
based on previous locations of the mobile terminal comprising: '
a memory for storing sequences of previous locations of the mobile
termihal;
means, in communication with the memory, for comparing a current

30  sequence that includes the current location of the mobile terminal and a plurality

4
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PCT/ SE95/ 0119§0 96/13951 of previous locations of the nobile term nal

'te each of a plurality of stored sequences; PCT/SEAH/0119%
sel ecting one of the stored sequences based on -at | east one

gquantitative neasure of a degree of matching between the current sequence

and 5 each stored sequence; and : nmeans for generating a
prediction of th m l f the nobile term nal based on the
sel ected one of ﬁm m mmmnuﬁces 7. The appar atus of
claim6, wherein fhe®plurdlity of stored seqgences I ncl ude novenent
circles and novenent tracks. 10 8. The apparatus of claim6,

wherein the sel eQinadiGRfdtath 'df‘iﬁémobxletemﬁ&ﬂéeﬁ&fofjfgaﬁ.frﬂi‘itg'% efali 0

of a nunmber of locations In the current sequence ret sane
as locations in seqiences sequence and a total nunber ‘of Iocatlons in
the current sequence and tf ? e_of n:%@;t oreg encg S seI ected

' or selectigg one @Fgl%aé eagherei n

based on the ratio.

the selecting ne \'ré“ﬁx eofadb?a%%?ﬁatéﬁﬁé'%eﬁk&n%é’ 'w%@ené d
guantitative nea tg? egree tha duration o e C rren?ﬂ(il
sequence nat ¢hes eacldsmmdlanumiceemd'u stored sequence and "~ the one of

the stored sequences is sel.ected bhased 02 t.he g e} agéjcthe ?econd
quantitative measure. DRgns for generating gjpredictipn, o agen of shemobdilgher i n

the sel ecting m@&ﬁxﬁﬂrﬁagé'ﬂ'onme seldcRl SHACSY tiR fdted Qiquaagr ating a third
quantitative nmeasure of a degree that a requgncy of the current
sequence matches a fr &quendhecippeatis thchmdﬁ.swlnremﬂac plurality efrstoreld sequences

the stored sequences,is selected based on tgf t he second
F@‘g‘srreas

quantitative meadfiide mauetpent cirgles gnd mgyeme ure. 11.
A method of jgy edi cti ng, mDVerHRHnbaafus bf it 6, Whérein e selecti 1né Ags t he
steps of: (a) coffparing a current sequence t |nc éles t he

current | ocati onmeans fer determining lai ﬂanotoﬁmmumberaﬁdbcauphmmﬂhetqmaﬁt SeqaenoeUS
sequences ¢hat  oHBk % DI HE 8 DAL b PG SaBFOED R 0tal AIBREE of or i nal :
locations in the current sequence, and the one of the stored sequences is selected
based on the ratio.
15 9. - The apparatus of claim 8, wherein the selecting means further
includes means for generating a second quantitative measure of a degree that a
duration of the current sequence matches a duration of each stored sequence, and
the one of the stored sequences is selected based on the ratio and the second
quantitative measure. _ _
20 - 10.  The apparatus of claim 9, wherein the selecting means further
. includes means for generéting a third quantitative measure of a degree that a
frequency of the current sequence matches a frequency of each stored sequence,
and the one of the stored sequences is selected based on the ratio, the second
‘quantitative measure, and the third quantitative measure.
_25 11. A method of predicting movements of a mobile terminal
comprising the steps of: | _
(a) comparing a current sequence that includes the current location of the
mobile terminal and a plurality of previous locations of the mobile terminal to
each of a plurality of stored sequences that each include preiriou's locations of the

30 mobile terminal;
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PCT/ SE95/ OQig &fi39s1 (b) determning at |ea

guantitative nmeasure of a degree of natching bet V\eenm%w’é'ﬁt
sequence and each stored sequence; and (c) if the at |east
one quantitative neasure exceeds a predeterm ned val ue, using the

| ocations of the respective stored sequence as predictions of the 5
novenents of t I - 12. The nethod of claim
11, wherein thgmmmllmmmasure is a ratio of a nunber of

| ocations in: th& curr'ent® sédquénce that ar82the sane as l ocations in
a stored sequence and a total nunber of |ocations in the current

sequence. 10 (b) detetthining Bb teasorieoghanfitative measite. Ede?td% oftfiching

further determ nes first degree that a duration t he current
sequence rratclbe@/@nd-m gusrent sequenge and each stored sequence@dice, and step (c)

uses as predictionsg,of. €y %?gmel- . t he
| ocations of the st%%)r éghgeqlr}gncgﬁggﬁ%% e ra Icgedgxacgreg@téﬁw st
predet er m ned vmbyﬁsxngldhé loeatiorissof the gespectivestored sequeace axiprediztonséfihaed

val ue.- 15 . The net hod of claim 13, wherein step (b) further
determ ned a movemeng‘eqfdhg a frequency of the current sequence

mat ches a frequency,of rqd F“ﬁm agﬁ% es as
predi ctions of the)i venTehr?ts Oﬁ&%ﬁcﬁuﬂﬁ vﬁfe?ééﬁ erm-r@%%e ol%lgtrons of
the stored Seﬁ&tﬁﬂﬁﬁafmmbahofilochﬁmssmahﬂdun‘agrmnce that aeexthesdmeast hi rd

predet er m ned val ue. hod_of deternining regul ar
patterns in 'ﬁiﬂ@ﬁ@ﬂﬁ@%ﬁmﬁd sequencﬁ[,'gmaetofag,nf-ﬁqtbgr lacations; in dhe gwTeRteps of
(a) conpari ng¢ d ent | ocation of the npbile termnal to each of a
plurality of r vrous | ocations stored in a queue of a plurality of

previ ous 10 | ocd8i onFhetrhethpd of chaim MQm&trmstepe(bhgzrﬂteoﬂadnnmei ke queue
in first-in-first-out 25 order _of occurrence if the

current | ocat fiss degeeertbat %MPnPﬁéh"p‘FW sequen¢e pricheyg duration O%Ieé?!"at i ons
stored in theggpay fEp TEFRE 38 pRldicidnE oF SmGOERES b fhe'di6bile

current | ocation, e prévr ous [*ocat1 on®t hat matches he curren ocati on,
and the termdnvil ahes Idcatierisi mfrtherstmd:d sequencecfdr sfhiich the lratip exoeedsus firspcat i on
t hat matches the 30 , current

predetermined value and 8(: ?Ixrlstoc{]é;gree exceeds a second predetermined value.
15 14.  The method of claim 13, wherein step (b) further determines a

second degree that a frequency of the current sqquence matches a frequency of

each stored sequence, and step (c) uses as predictions of the movements of the
mobile terminal the locations of the stored sequence for which the second degree
exceeds a third predetermined value. . , _ |

20 .+ 15. A method of determining regular pattems in movements of a
mebxle terminal comprising the steps of _

‘ (a) companng a current locatlon of the moblle termmal to each of a
plurality of previous locations stored in a queue of a plqrahty of previous
Idcations, the previous locations being stored in the queue in first-in-first-out

25  order of occurrence; -

(b) if the current location matches one of the plurality of previous
locations stored in the queue, marking a sequence of l_ocations comprising the
current location, the previous location that matches__ the current location, and the
previous locations that occurred after the previous location that matches the

30 current location;

i
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PCT/ SE95/ 01198 (c) conparing the marked s ence to
each of aﬂﬂ?ﬂ%y of stored sequences of | ocations PR i ng
at least one quantitative neasure of a degree of matching between the
mar ked sequence and each stored sequence; and ' (d) if the at

| east one quantitativ xceeds a predetermned 5 val ue,

i ncreasing a priqrg I I the respective stored sequence by a

pr edet er m ned arr%“ll“llmlilm‘ﬂm”m 16. The net hod of claim 15, further
conprising the stepscolf. w s =« (elggxtoring the current |ocation of
the nobile termnal in the queue in first-in-first-out order of

occurrence; 10 Walg \éﬁg{ e aSotharafif\ of &6/ on is at
| east one of a stat @n&??ﬁg&ngd&tegﬁéﬂéeuan a %ﬁér?ggryaglat e?}t and

carrying out stepanéedlof-lodafibnd ind determiningndt léast ahe quantiative measute ofi@ of a
stationary state" and a bogndg@ry state. Ked ¢ eandlség‘.% lgFe met?h.od of

cl ai m 16, wher degres of matchingbetween thesmar PiehF quecE 'oadlgt i ons
in the marked sequence.fhat ar e %g@,gi Rseds 'y redeterminedt O ed
sequence and a tot al?g)ndirg’grati?a%f é%a?'?%@tﬁg dt1 e méi(%d sg%ﬁeencrg.m:

18. The th of irfcreakine /) ﬁmrpafmmmme)edmcﬁvmom tsequenee oy &

degree tha’?ea gglruai P%n oifﬁgt h% mar ked sequence matches a duration of each’
st or ed - pegyletarmined2gnount. 19. The met hod of claim 18, wherein
step (c) further determ npes € Purkhpd LRdUBO Stép® bf:t he mar ked
sequence matches a flgequgﬁlfﬁ%tpo%%ﬁlagﬁqg’?ustotrcgglpis-%@gence.p

20.  An apparatus fgy seifdRrdit binentriogutionrofith¢ mmbile términahinther queusfina

nobi | e term nal corréfejissi ng:” 25 a nenory for storing a queue of a
plurality of pifirst-inefirst-ouszordemef eecurrgree; nobil e terninal, the previous
| ocations being storad in the q | fhafld ddRaddn &t t O3 staflb of
occur rencet0 (?) determyuyr &ﬁgtgﬁﬁsﬁlfodr&%éfn%)ogﬁdr{{]ﬁaaéﬁaf rent 1 ocati%’yof
the mobile tergpahnd @ boundary s@eGndf the plurality of previous locations

stored in the queue, . : o
carrying out steps (a) - (d) if the current location is at least one of a

stationary state and a boundary state.
17.  The method of claim 16, wherein step (c) determines a ratio of a
15 number of locations in the marked sequence that are the same as locations in a
stored sequence and a total number of locations in the marked sequence.
18.  The method of claim 17, wherein step (c) further determines a

degree that a duration of the marked sequence matches a duration of each stored

sequence.
20 ~19.  The method of claim 18, wherein step (c) further determines a

degree that a frequency of the marked sequence matches a frequency of each

stored sequence.
20.  An apparatus for determining regular patterns in movements of a

mobile terminal comprising:
25 a memory for storing a queue of a plurality of previous locations of the

mobile terminal, the previous locations being stored in the queue in first-in-first-

out order of occurrence; |
first means for comparing a current location of the mobile terminal to

each of the plurality of previous locations stored in the queue;
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means for marking a sequence of |ocations conprising the cUPCESE95/01198
location, the previous |ocation that matches the current location, and the
previ ous | ocations that occurred after the previous |ocation that.
mat ches t he curr’ﬂﬂﬂ“ﬂlﬂ"ﬂ’" jon if the current |ocation natches one of
the plurality of “ ﬂgﬁ"‘)ns 5 stored in the queue;

second nmeans for cor?parli nt the marked sequence to each of a plurality of
stored sequences of | ocations and for dejserm ning at | east one quantitative
neasure of a degree of matching between the marked sequence and each stored

sequence; and 10 S b NG, | .1.0F | araneter of the
respective stor edmeans for “%’é%g%cséa%mg%gr@%@@?%&ﬁé‘é*mw n the at

| east one quoeitiony ithe/previvas Igcation that matetees ahs curréxt d0cition  amb the\fb¥ibus

21. The apparatus of claim 20, wherein the current |ocation of the

nobi | e t er mileeations that ceyrred aftercthe pegydoys jocation; that matches; the qurrentder of

current | ocAPrasion e dirkeif'loRR iatustd o ¥ e Bardll SF DA WiRoRs” 1 "°
boundar y5 st adtéred in the queue;- - 22. The apparatus of .claim 21, wherein the

second neans determ nes a _ ratig of a number of locations in the
mar ked sequence t3¢gendymeans.for ¢gmpagag the marked sequenes to eachof  plurality efjuence

and a total 0 | y d ' .

23. The ap %}gg%%&g‘fésc@bn%% a@\%g&;? n the (?aag(%?]aﬁﬁe&é;ﬁ%%ﬁumﬂvﬁer

det er m nes amelsgirecef 4 liegree of wasshinmbetivettn chenmarked sequnedam] sachaised a
duration of each stored sequence. 24. The apparatus {

of clai m 23,5e@RRACE; #1d he second neans further 25 . deternmines a degree that

a frequgpcy of t r SESHE I %i _ LLags f each stored
sequenc@l h‘ﬁeﬁ fBP% grllnértl od “of " de l‘e‘r)frhﬂllfeliln';)' reguﬁéﬁeapatter'ns in
novenment s ofsequence by a'predétermiaedramatntcwhear thei an dedshone ieumsitative measure

(a) determ ni ng whet hgé a,cug[ir nt location of the nobile termnal is at 30
| east one ofeXxgeeds & pradetprmiged,¥alueq 5 poundary state; -

21.  The apparatus of claim 20, wherein the current location of the

=

mobile terminal is stored in the queue in ﬁrst—in-ﬁrst—out order of occurrence,
15  and further comprising means for determining whether the éurr_ent location is at
_ least one of a stationary state and a boundary state.

22.  The apparatus of claim 21, wherein the second means determines a
ratio of a number of locations in the marked sequencé-;hat.are the same as
locations in a stored sequence and a total number of locations m the marked

20  sequence. S SO
-4 23,  The apparatus of claim 22, wherein the second means further
determines a degree that a duration of the marked sequence matches a duration of
each stored sequence. _
' 24, The apparatus of claim 23, wherein tlie second means further
25 'determineé a degree that a frequency of ;he marked sequence matches a
frequency of -each stored sequence. _ |

25. A method of determining regular patt_er_h.s in movements of a
mobile terminal comprising the steps of: L

(a) determining whether a current location of the mobile terminal is at

30 least one of a stationary state and a boundary state; -
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PCT/ SE95/01§‘?£96 (b) marking a sequence of |ocations
“cpnprising I3 nt | ocati on, one of the nost recenPCPSESS/01198
stationary state and the nost recent previous - "boundary state, and
previ ous | ocations that occurred between the one of the nost recent
previ ousstat—i—omry—stmd—tm nost recent previous boundary state; 5

(c) conparing ce to each of a plurality of stored
sequences of | E nlnlng at | east one quantitative neasure of
en the nar Sd sequence and each stored
d

a _ degre

sequence; and - (d) I f the at

exceeds a predeterm' n val ue, rea5| n par anmet er of
the respective store eﬁ‘é’éﬂ%aﬁﬁq"&nﬂ®°Pf AEQRS:C E’J'&ﬁﬁﬁﬁ"m location, one
26. The net ho I PJVEH usng the
current IocatlogquL %(%tgau%&ogljewo“?ura t stg?e‘ ?ﬁe&%?gﬁgﬁ?ﬁigca I ons, the
| ocati ons bouadary stite, &md previohe laq:aaons that 6dcusred betweenthe ong¢ ob themosif
occurrence, and wherein ) stegg (921%1 - g?c% are carr,ied out if the
current |ocati orfefent prevignssstatignary,state and the ?Vci@pmwgﬁgowas%undary
stat e. | it Btk seGheéHcl s Sactbied Biualfty 'oRlsidRed! 2
nunber of I05(:at i ons (%7 comp%ghe mar ke gequence t hat gre the sane as

| ocations in a sequendesofloeationszand determining at haaloquuhxmtanVe Ineasure ofia i n
t he marked sequence IS det er m_ned. The met hod of cl

27, wherein a qum@aﬂn&m‘ﬁeﬁhﬁfﬂ% sfﬂ“emﬁépﬂéacgétﬁmm&
duration of each stor | Rt %8mined The
met hod of cl aim 28, v@gr ein a gséf.gg at a frg%sgléenec:gfee?saﬁrede ‘rirar ked
s equence mat chesvatue, rincressingya pfioritrparametee of thecrespectivé stothsk sequence by a

An aﬁfarat us_ for .de erm ning regular patterns in novenents of a
m)bl le termGal qupt. means for determ ning whether a
current |ocation of tige gargflgfy 25, further mpriRfs! thi -
stationary state and a bounde l??ﬁlsta m ﬂrreﬁgﬁ\se?%?cgrgaﬁrlmﬁgmg
sequence of Iocammnslommmrmsa qgeuemfa:pluramy of the previousiocationso tise lntatidns

nost recent pre ous st t|o ary state and_the no cent r.evi,ous
boundary state, OSHE H¢ %‘é‘ﬁt Fst-1py 'B‘G&Ta?re‘ife%i‘%@ﬁ #pd Wkein ¢

steps (a) - (d) are carried out if the current location is at least one of a stationary

st one quantitative measure

15  state and a boundary state.
27. .The method of claim 25, wherein a ratio of a number of locations
in the marked sequence that are the same as locations in a stored sequence and a
total number of locations in the marked sequence is determined.
-28.  The method of claim 27, wherein a degree that a duration of the
20 miarked séqnenc‘e' matches a duration of each stored sequence is determined.
" 29.  The method of claim 28, wherein a degree that a freq\iency of the
marked sequence matches a frequency of each stored sequence is determined.
30. An apparatus for determining regular patterns in movements of a
mobile terminal comprising:
25 means for determining whether a current location of the mobile terminal
is at least one of a stationary state and a boundary state;
means for marking a sequence-of locations comprising the current
location, one of the most recent previous stationary state and the most recent
previous boundary state, and previous locations that occurred between the one of
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t he nost @%ﬁ ?ﬁsevr ous stationary state and the nost I ecentpaysiosg ﬁga
boundary st at e; means for conparing the nmarke
'sequence to each of a plurality of stored - sequences of |ocations

and for determning at | east one quantitative nmeasure of a 5 degree of
mat chi ng between the narked. sequence and each stored sequence; and

means for increasing a priority parameter of the respective stored
sequence by a predeterm ned anount if the % | east one quantitative neasure

exceeds a predeterm ned val ue. 31. The apparatus of claim
30, further co rrs rrem)r s the current location in a
queue of a plu tﬁ?pg‘?‘ {lg ’t')‘?éthet @st recent previaus boundaryei ng
stored in the We in frrst-rn frrst out order of foccurrence.

32. The apparatus of claim 31, wherein the conparing and deternini ng
nmeans determ nes a rmaeans fof cemparntgenlmmiarked:smum toreath of agphisalityssiosusted ©

t hat are the sane as.|ocationsg in .a. stored sequence and a total
nurber . of | ocaSFaHFRCES O lpcatiqns m one quantitative measure of phe
apparatus & cClagfedt, Ibetwé@ﬁtﬁemaﬂtedrs@qaaﬁeqlﬁa%&éﬂ 8R4 sequence; AHAA"S
determ nes a degree that a duration of the marked sequence natglﬁe a

duration of each stoneam§equnmsngapn0nty parameter3of. th¥ nespeqtiver siired of claim

33, wherein the c arin dete ns det erm nes a degree:
that a frequen&§d h %H'F%gﬂﬁr B‘é&ﬁEﬁWéé £ one QAHHAHGIRAFUST each
stored sequencexceeds a predetermined3falue. A Communi cati on network conpri sing:

a plurality of servers, the servers being 6)ositi'oned i n respective (
geogr aphi cal areas &ld orlderappamtusroflaims3 ,ifntﬂladcmnprésing/ammorjlﬁ'or

a nobile term nal. ns..far. comrunr n t he server

mearest tH moBRrieS it RAER 16coRdn 3 UREE of R e HEemGis otatias the
appl i cation fi |Ratiesbelag stotéd BSthe lqpewdin first-REfifstouebier oF accunenc - a
nobile distributed s stem pl at f orm havi ng neans for controlling t
distributed file sydgem ('ﬁlctaﬂna@éhs ciaimnil, ehereinfthe cpmpamgandgdeaem

| ocation of 30n.,5 GHD {§%§3t’a nm%reoﬁo&:&?on%omtﬁeo marked sequence that

distributes | ocation Se
are the same as locations in a stored sequence and a total- number of locations in

15  the marked sequence.
- 33.  The apparatus of claim 32, wherein the comparing and determining
means determines a degree that a duration of the marked sequence matches a
duration of each stored. sequence. o . .
34.  The apparatus of claim 33, wherein the comparing and determining

20 - means determines a degree that a frequency of the marked sequence matches a

frequency of each stored sequence.
35. A commumcatlon network comprising:
a plurality of servers, the servers being positioned in respectlve
geographlcal areas and organized in a distributed file system;

25 . a mobile terminal having means for communicating thh the server
nearest the mobile termmal wherein the communicating means accesses
application files and data files stored in the servers; and

a mobile distributed system platform having means for controlling the
distributed file system of the servers and means for pr_edicting a next location of

30  a mobile terminal, wherein the controlling means distributes location sensitive

R Y o
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“information am)nlg:;”{lhe servers. based on a next |ocation predi cCPETISESS/OLIvS
predi cti ng neans. 36. The conmuni cati on network of claim 35,

wherein the MDSP I ncl udes at | east one MDSP a and at | east one
nobi l e floating agent (MFA), 5 the MFA is associated wth the nobi

termnal, and the MDSP agent communi cates with ﬂmm ' he
MFA to at | east one of the servers on behal f of mmﬁ"ﬂm ,nal

based on the next |ocation predicted by thg7. predi‘ct f ng m#ans. *
37. The communi cation network of claim 36, wherein the MFAis a 10

process executi r aﬁéwb _ i \

conmmuni cates W ?ﬁoanﬁ B?%ﬁdg%n%géyg&\?\n‘{ a %gﬁl\?gir)ch%@%rf s{egk?%eb}trmhg l e
station and predictingtmeansages a replicated data cache on behal f of the

- MDSP agent . 38. In a cellular r?di of el ephope s;szbgm havi ng a
plurality of base 36. Thecommymicatioq ng i9f£1aim 43, Wheremthe € station
transmtting re ' Yo NMDS h'lnglﬂr | b3 ' R I
channel, . an appggg%gxflg?&%orl t?zalgﬁg t eﬁggéssgamg&&&?aaﬁﬁ%hgé?or aAﬁ_
connecti on Pet wiherMFAeisnassociated withithenobilel terniinal cand thei MIDSP agent :

conpri si ng: . nmeans, for predjcti next |ocations of the nobile
ternminal based epmmunicates Wity Qﬂ‘i‘serﬁsg 9%6?&‘96’“ FP%’P@ i STRYCTS QRerei n -

the predicting i mcl : &19?3] ; st Ori Ng
sequences of 'prg%?%%f gca |or%g of t‘ﬁged on the next 1°cauawéet¥?ie>?nt1h€1al;

means, in comuptedittingmeans.h t he nenory, for conparing a

current sequence that_includes the, cyrrent Iocégt j on of the ,m)tgi Lﬁ:aéer.m' nal
and a plurality of pévi ofBe comppnisadon, petvork of plafre 36, herein the, S &f a
25 ting 10 PhILEL! dbofiing il SEvESRHRAL i the mobile terminal that  ®ans for
sel ecting One of tThe stored sequences based on at [ east one
quantitative meesminanichtes withoandepreconnectshwitly alservee docal e theumokbild station and
sequence and each stored sequence; and means for

generating pr ediat M3RASEs R reRuicated data Gache;on hehalf of the MDSP agent. nobi | e
termnal based on thggsel g} eenAiiera@iordifthont 8stén HaUHRE PiraltP OF base

stations and a mobile terminal, each base station transmitting respective control

15  information on a respective control channel, an apparatus for prioritizing the base
" stations for a connection between the mobile terminal and a base station
comprising:
means for predicting next locations of the mobile terminal based on
previous locations of the mobile terminal, wherein the predicting means includes:
20 - a memory for storing sequences of previous locations of the
mobile terminal; |
‘means, in communication with the memory, for comparing a
current sequence that includes the current location of the mobile terminal
and a plurality of previous locations of the mobile terminal to each of a
25 plurality of stored sequences;
means for selecting one of the stored sequences based on at least
one quantitative measﬁre of a degree of matching between the current
sequence and each stored sequence; and
-means for generating predictions of the next locations of the

30 mobile terminal based on the selected one of the stored sequences; and
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nmeans for%gﬁ}ﬂ%’g the control channels of a plurality of tRCT/SESS0138ti ons
and for maintaining a priority list of information concerning the scanned

control channel s; wherein the scanni ng means scans the
control channels based on.the 5 predi ctions generated by the predicting:
nmeans. :

-38-

- means for scanmng the control channels of a plurality of the base statioh's
and for maintaining a priority list of information concerning the scanned control
channels; - _ | : ' _
| wherein the scanning means scans the control channels based on.the_

5  predictions generated by the predicting means.
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