;| }~e3eErE d6TrOx) 1 APPARATUS FOR ALLOCATI NG TI ME TO AN EVENT 0 3 JUN
2003 PCT/ GB99/ 03605 The invention re%ﬁtes to a diary systeng gu lfNa

particul arly but not ‘excl usi mm\l\\\ isting in the nmanagehen B}
i nf or mat i OMOPM/ARB8 for a use ﬂm\ onputers are multifuUnte ?)SH 05

devices that enable a user to pk@wess data not only froma |ocal source but
al so fromrenote sources connected through | ocal area networks and w de
area networks such as the Internet. The user can send and recei

and generally use the conputer as a 10 workstation from which ﬁ&mm\m\m““‘“\m
di fferent day-to-day ARPABATAS FOR HELPCATENG THAIE LD AMHEYENToNnal gam
software is available to facilitate managenent of such day-to-day t ask

For exanple M crosoft Qutl ook marketed by M crosoft Corporation, provi des a
group of ?ﬁe%%hwht 881 aBEC&8S 1| dfardd sty'afémgfauaaslencaﬂa?nwaﬂqwae{m fpr al | ows
emai|l to be sent) | ogged, received, nmaking use of dress information from
a common estiabiasky. fodxla;clstmemsmretmnemmc%dé:mf@rmaapy s Seheduder ng
system_which allows the user to interrogate d| aries of other users on a
network'5 so as to arrange neetings and ot her 'appointnments. However, with
this packpuRiepnd o IRES, arkhBuHFahc#OnMUdvid@kehat & AHLIS aNLEelo Moc@?@ si ons
concerning prioritisation and scheduling of incom ng and outgoi ng data
because tHewendt anly &pst entecal ecwsseritt alspyfraer earypotd é@t’rrC@ﬁl eonnecsebns of
paper, I i es I in
Compl ex 1+ HURUS OB T e “1ath 38 K RIBE shea PRETLER: S80Sy PRt
artificiafrheniset Idagemma amaiseseuob eaﬁalfsualid’ deogially asé ithe cuoa:hpmteuraal a

net wor ks and genetic al gorithns have been integrated into the decision

maki ng1Q:ch9’6?ta§'88H’%r{/‘s‘f’BWé‘ m@ﬁi/tdéﬁegrétdé’é’ Hh?éﬁttas%ﬁ?@fedéﬁé?ﬁ% a
system used for scheduling neetings, particularly for conferences. The
systermis directed towards resol ving accommodati on) 30 resources and
schedul i n§oexatistir@drabdsa! calgdntshe sottveahal isngv phebte itnvfebi\l'iea;teahia@\a@ag\epot ential

att endees cify a preferred.tine for t erreetl in the for
Yar ound x°! FERSGEY AT GHEt ne e PEGAOLS NGS5t DOtinBk: MRE Rt B ences

in a formificdeh aSorpdfiHl Xrohref a X FEHIH hot. p?@?ramosg’lteé UN Q1€ system

processes these tine requests from eac of the delegates, attenpting to
find al%i Hwogehiagindiatwisdomswhdsh alliovet emad 1o bbesenicdegaatherecaivedi ut i on

has been BRRRIEd el Bp BURLETIALIRIRLR f8noS el N VRN 10 gueRy T on

within thé ac Comro fora'perl

equal to 'Shﬂvxtarm&ndiledus raed|a5y laydt Suhe@uting syalﬂdnt Ritsichaalioves @hd wret ton of
factual constraints, such as room avail ability, lunch break, tinmes of

previ ous| {PIREPEATREIA s lePENEr THRETH Ae AN ENLEK i BRsaDER AFANASaRE EHEIPar chi ng
forward inflARks: aebofn&m%mémlmmé}cmtﬁrtﬁ.segyalagteoam%twge tRE Jdie

nmeeting, wthin the tine period until al hese constraints are
sati sf2@dmusd ml@caorlelr@mcmumweh aff desisicrsbadineentingf ptibetispdsenend
i nvention t J‘? pr ovid

s¢ u mg ! mcommg and outgoing data because these diary systems are

essentially merely electronic versions of paper, or manual diaries.

In an attempt to develop tools to be used in complex tasks involving many
25 degrees of freedom and variables, artificial intelligence aids such as fuzzy
logic, artificial neural networks and genetic algorithms have been integrated
into the decision making core of such systems. United States patent
5781731 describes a system used for scheduling meetings, particularly for
conferences. The system.-is directed towards resolvir_wg accommodation,
30 resources and scheduling constraints, and the scheduling part involves
allowing potential attendees to specify a preferred time for the meeting in
the form of “around X". The system allows the delegates to specify

meeting preferences in a format such as “around X day of X month”. The



apparatus for identifying a tine wwth respect to an event in a scheduling
system the apparatus conprising: (i) input neans for receiving:éﬂi &a)
event identifying data conprising an identifier for a processabl o Nt 2003
and (b) a fuzzy logic statenent associated with the processabl e event, the
fuzzy logic statement identifying a duration and a start time thereof; (ii)
nmeans for storing: 20 (a) event identifying data; and (b) tenporal

preference i nformati on associated with said event identifying data; (iii)
means ar r an§etemoPraceses these HGr igrueth &tam each 19d the fisindatess akemntogp®i ng

arranged tofig4 Qrmalpensat 88t LhiiGRs! 4h 5@&9%53%0@&. h\QRST a QR tRInGYAsOBRY 25

all ocated event; and (iv) processing neans for: (a) applying a
pr edet er mi neagcheghctheosystemcitrrents tohscheddlei thecevient ity auesgfian wiithire thentimient o

tenporal preferen i r.matd on; . L ew ng .t py: [
ot or mat | P e osBaHATs o Ehec SR adtkon At SHedd BB Plneltife S FIAR
event, togebheahewrveht,t hed tthivpoeal beprefuactort of i fatahebnsneinier sddhe as room
processabl e_event. in order to identify an available tinme for t

bt ocessabl e BRI n1PRA ek ¥R ol it MRt A Bp B, ofie ThRptem
preference HedwibeRionemnppeddthods triaeching esrfardlievioeuslof tiwhé, o@hichdblemantreand
of the processabl e event. 0 3H§]~UN Zoo3 3 Advant ageously the fuzze]/ | ogi c
statement f8fU8l 1% SResidne| & dbedhedtiger VHBE BRf HINS RAMCHekNYr alh Qf dPeset i me
for the proggssaie sy eastagd/ or duration for the processable event, where
the start time and/or duration relates to a period in a 5 single day or a
peri od that extends over a plurality of days. Preferably the apparatus

further comprises i §an g, A TBNLAOB IO BEAEIPAIAL i SEhEflee and

alerting nmeans tor outputting an alert signal in the event that available
tine in theapearposaior sasneifiuhe actome |with sesmethta he eyapdint @spbedlingGystem,

preference [ ,nfo i.on, veniently, tines are identified for two or nore
pr ocessabl el(rgevaegrﬂrgg%th%)‘%gmgg%\ésat us may further be arranged to provide a

system for scliedidpunégneanseet iengvingt ween two entities. 15 Preferably the
storage peans further fﬁﬁ%%{ﬁj ses neans to.store coﬂ%rt{ai nt information, and
S

the inplt neans ?aé are 'fYIB9 (g3 FUPPSUE R BENEBRISTOr 2 RPCTSSARIP eI on

relating to the pgrdcessable event. In such an arrangenent of the apparatus
said reviewi ng perforned by the processing neans further includes 20

revi ewi ng sai d stQr@dUgpnhdeedai Fietemansrarartiaiedt ¥ifdt s PiRceAsRIh veat nthe

information receqys |chg%(c ERRerhBRUbHe RING a ditaB688Rd BQtakeRid fnerddspect i ve
start tinmes for each of the at |l east two events in the tenporal schedule

that satisfy Hotmeeppéer Ypresinstrai nt information. 25 According to a
further,aspect of,t BERESRMinL AUENELGN, there is provided a nethod

(b) temporal preference information associated with said event identifying
data;
(i) means arranged to access a temporal schedule, the temporal schedule
being arranged to store allocated times in respect of at least one previously
25 allocated event; and
(iv) processing means for:
(a) applying a predetermined function to convert the received fuzzy logic
statement into temporal preference information; and
(b) reviewing temporal preference information corresponding to the at least
30 one previously allocated event, together with the temporal preference
information for the processable event in order to identify an available time
for the processable event in the temporal schedule that satisfies the
temporal preference information both of the or each previously allocated

event and of the processable event.



of allocating a time with respect to an event in a scheduling system the
met hod conprising the steps of: (i~ identifying a processable evepty Jlﬁﬂ iZb({S
inputting a fuzzy logic statenent associated with the processabl e 30 event,
the fuzzy logic statenent identifying a duration and a start tinme of an
event; 0 3 JUN 2003 4 (iii) convertingsthe fuzzy logic statement into
tenporal preference information associated with the processable event in
accordance with a predeterm ned function; and (iv) storing: 5 (a) event
identifying data; (b) tenporal preferences associated with the event

i denti fyi ngadadmagéolslyaaferzPdodic setBPEA! 1rCBEiteSsdbR e9drAr ddidribdd Bt ed
tinmes in respect at |east one previously allocated event; and (vi

revi ewi ng t BhFbNaT r f EndEng riPbrihat P@ﬁewlblee§ﬁé'ﬂfdiaﬁ§/°tfodlﬂﬂﬁ€°%t‘)Olreﬁkﬁ’t to
one previ ouglotedddfe 8L &, SYIRAE th QIS Rike %a}artﬁ?at}o%ﬁmérgé teraegeﬁ@ Gf a

information for the processable event I1n order to 1dentity an avall able
time forsthenplectysyabbeiahiat extentdheverenplorality stHaxhiul e t hat satisfies the
tenporal preference information of both the or each previously allocated
event and the processable event. 15 In the context of the present

i nventi on, Brefenablyt tHesappedratus efdrther @smarisess knonitbriag chheang @ntmynitaing theput

neans to identify the event i enerally described with reference to
Mputti ng | TPORdL PteeFls i AGrE FiRDs S RURASG, o Ak e ke HER f ace
appl i cati onthathgvdieplestimer in Rk aainpBeal aschuday ¢digiicts SivithefRnkaids spepabied
with the 20 event is simlarly provided by a feature of the graphical user
i nterfad® apiafeeass ByiormaiPnt he fuzzy logic statement may be a statenent
such as "around 1 hour". The nmeans for storing existing diary entries
relates to where the tinme and task information is stored, once the diary
has processéednyenserdivarimentary, idanidfiadhéon éwpopalmayghewgeesable eMentgr apHiecal

user it er f age, Ml GhadliaRhaYs, SxbaLddG Hidtide 23,800 (6 ABaliflo 3 MERR

diary. The pre erm function cri interms 0O uzzy
acconpanyi ngetweenftww gntiteegi ¢ st at enent, and t he tenporal preference
informaiigon is referred to as a plurality of preferences as a function of
times (duration, start tinmes, deadlines). The processing neans that

i dentifies ardféenablyf ahe abtoeaat imeariso famheVv eniprisermeardedobgtorar conktraint

sof tware conponents, an ﬁo these are descri beéi by thhei r funct,i onalit.X in
the fol |l owi KdogeatOny pqq Ahe input means Is arranged to further received constraint

information relating to the processable event. In such an arrangement of the
apparatus said reviewing performed by the processing means further includes
20 reviewing said stored constraint information together with constraint information
received by the input means, in order to identify respective start times for each of
the at least two events in the temporal schedule that satisfy both types of

constraint information.

25  According to a further aspect of the present invention, there is provided a method
of allocating a time with respect to an event in a scheduling system, the method
comprising the steps of:

(i) identifying a processable event;
{ii) inputting a fuzzy logic statement associated with the processable

30 event, the fuzzy logic statement identifying a duration and a start time

of an event;



0 3 ~u~ aoa3 4a Further aspects, features and advantages of the apparatus
for allocating a tinme to an event wll now be described, by way o:{ exanpl e
only, as enbodinments of the present invention, with reference t 4 3 JUN 2003
acconpanyi ng drawings, in which: 5 Figure 1 is a schematic bl ock di agram of
the hardware of a conputer systemconfigyres to run apparatus for
co-ordinating tasks of the present invention, WO 001 26828 5 0 3 Juh4 2803
PCT/ G B99/ 03605 Figure 2. is a schematic di agram showi ng apparatus for
co-ordinating tat®sConeEsingihefyzay loricstatement ity teMPPLA BIET#§8F8 agent s
according to the pres@ftation\w@BsdiMRd iitlItHeEprdchssableSRAITR 4 Cofl4A2E AMS How ng
apparatus according to a first enbodinent 5 for co-ordinating tasks of
Figure 2, Figure 4 pedgtespiesdrnetidy #89¢am showi ng the Java thread processes
conprising part g gllggn&pparat us of Figure 3, Figure 5 is a schematic

di agram show ng apparatus according to a second enbodi nent for

co-ordi nating tasks Gff eveuaidenfyin@driagure 6 is a schematic view of the

di spl ay provided by dia ssi stant shown in Figure 2. for I N diary
entry: Flgure 7 i s albolnRTT o bRMnoR 2 rs ded Wtiedey el Blii i el 2
tabl e of fuzzy reankaswssihgra tehpoeil acheduef@rsesriry dlpabtey trpeNinN@spsdian in
Figure 6; 15 Figure 9 is a flow dizﬁ ramof the éii ary entry process
according to a firsEEaenYBRRERLSVE 88&‘8" PY®s28%¢ | ow di agram of the diary
entry process acegy@viRgvihg témpearpdiaahadinf@hiatiohi cdreSpdnbing tatCcheigBdd C
view of the display provided by the diary assistant 20 shown in Figure 2
accordi My to a thir 8NeREYRUBHElcoRL peentp togetherhvibKthgi tgg1PeM! oFreteiencdi ar y
entry process accor ghdiendidnaof Rhé br&dBIsbie®bat i Gief td ddérmtird aiCRGARbIC
view of the display provided by the diary assistant shown in Figure 2
according to a fourtimeeiohdte rspressabe Rvgol i the tesnperalcsnheduliecthdl sgtisfias
showi ng an arrange t Lar LSt dj fifth iment,
together with a grap ié%ﬁp %ggregg%ékée{ﬁ%té@?ﬁ%i??rfyb%?ep%r gﬁcégcbuﬂ%wggfy
according to the fi élitdeatavbedintrend thd-prpeessblebeveand 15b are, in conbination,
parts oqsa fl ow di agram of a 30 negotiation process of the fifth

enbodi nent; Figure 16 is a block diagramillustrating operation of the
ermai | assi stratie MG dfth&ipgasedt Rivention, an event is referred to as a task, or a diary

entry, and input means to identify the event is generally described with reference
to inputting information relating to that task, via a graphical user interface
application. The means for indicating a fuzzy logic statement associated with the
20 event is similarly provided by a feature of the graphical user interface application,
and the fuzzy logic statement may be a statement such as “around 1 hour”. The
means for storing existing diary entries relates to where the time and task
information is stored, once the diary has processed the diary entry, and the
temporal schedule is the graphical user interface which displays existing diary
25  entries as per a paper diary. The predetermined function is described in terms of a
fuzzy function accompanying the fuzzy logic statement, and the temporal
preference information is referred to as a plurality of preferences as a function of
times (duration, start times, deadlines). The processing means that identifies a
time for allocation to an event is provided by various software components, and

30 these are described by their functionality in the following description.



WO 001 26828 6 0 3 JUN 2003 PCT/ (B99/ 03605 Figure 17a is a schematic diagram
showi ng internals of a Bayes net arrangenent formng part of the -@ﬁﬁ@ﬂf
shown in Figure 16; Figure 17b is a schematic di agram show ng a Bay

for prioritising inconmng emails according to address information; 5 Figure
17c is a schenatlc di agram showi ng a Baygs net for prioritising enalls
according to user's past preferences for readlng previously received
emails; Figure 18 is a block diagramillustrating a process for ranking
emai | s according to the inportance of their subject field to the user; 10
Figure 19 ipudndt Lokl 861188 UndSadVaRfeRes of he BRPArhRs! a0 aFl&%tﬁﬁrH)HFn%rtouser S
past preferences for readi ng previously received emai|ls; Figurée 2

illustrat esa@@MémrTaW'|ba¢Wyb€rrg%ﬁﬁslb@¢ Ry avayi efgexanenle oly, t&sa&mmﬂl@ﬁmSI oththe
arrived, in Wi 0 tic block
diagran1shoaﬁﬁgﬁgﬂgﬁﬁﬁghggg}%%QFQ&¥ﬁ$E%é%§°ﬁ%%Hwﬁﬂ%g?h%9ﬁéﬁ§&§ " assi stant
shown i n5 Fi Ggoes 2; isFa gmmerrﬁﬂcnﬂoa fdiagmrdl@fgtrmrrhémdlware)rdfrmldomtgjtansyﬁemng of
i ncom ng teIe hone callg%) ratin tion % t el ephone assi st ant
Shown 5 Fi BUTBSe 4 irderarst 19 Fortgig 060 Hahtihe pReAlIRETEN oo Bayes
net used to calculate a priority associated with each caller; 20 Figure 23b
is a block diagramillustrating a further Bayes net, which takes as inputs
the outputs fromFigure 23a, together with information relating to user
activities; Figure 24 is a schematic view of the display provided by the

t el ephone assistant; 25 Figure 25 is a schematic bl ock di agram show ng

i npl ementation features relating to the tel ephone assistant shown in Figure
2; Figure 26 is a graph of the output of the video canera providing the

i magi ng device shown in Figure 1 ; ' Figure 27 is a schematic flow di agram
of a process perfornmed by the nmulti 30 nodal interface shown in Figure 2;
Figure 28 is a schematic diagram of various user states detected by the
process shown in Figure 22; 0 3 JUN 2003 ,. WD 00l 26828 PCT/ G899/ 03605 7
Figure 29 is a block diagramillustrating a process for ranking the stress
| evel of the conputer user; and Figure 30 is a bl ock di agram showi ng neans
for detecting use of low level inputs for nonitoring stress |levels
according to the process shown in Figure 5 29.



Overview Figure 1 shows a generally conventional conputer system 100 that
conprises: a 10 conventianal keyboard 101; a display screen %O h as a
CRT or pl een; a nouse 105; a processor 107 such as %: ﬁﬁgg'""
processor?éﬂgﬁgﬁ access nmenory 109; a hard disc drive 111? an UQIO i nput
113 such as a m crophone to detect utterances fromthe user; an inmaging
devi ce 114, such as a gaze tracker or védeo canera; and i nput/out put
interfaces 115 to connect the workstation to a |ocal area 15 network (LAN)
and wi der_, ar ea_, net wor ks mANéquch s the Internet, to facilitate data

S

exchange T9H<F di'fig? TRbem ity MUY ePRRBEYS et EFCAUBIEW (185*such

net wor ks intbhetihgt WifreGe pidlif) S MbPYentC ARbRR! HREoRiny don tRé dplesb@phone
set (POTS) and the conponents shown in Figure 1 are interconnected by a
*common burventieq, | n addition to the single system configuration shown in

Figure 1,..sevearal c .er,. SYS not. 20_shown) .may be. intercpnnected
over a | G g’r'eg Sﬁﬁ%ﬁ%d{#éﬁnﬁ %@W&‘ﬁuatppgﬁftb%?cqo%}q'ag ¥%8§'rith§‘b9q9(“§m
‘convensi Goato-BmiiHMGIhg e dirFagies2or 107 runs progranms held on hard disc
menory 1 1 1, making use of RAM 109, under the control of keyboard 101 and
25 nouse FI®Se 4 BgetsShBEMale Hidgmigi $heied itee Y242 thigaf rRsoreRsed FOMRSiFiNghe

di splay 13 ;AW RobRYS 3f ERQrPS, Made through the audio input 113 for use
by speech recognition software. The arrangement can thus provide the usual
dat abase,Figwred5 pisoee sshergatan dliagremadbdeig Bppartiusnatédringssoa akeshdri th a
personal ¢ ter by the use of conventiaqnal software packages stored on
the hard %&%@%mrﬁﬁﬁﬁ??rdﬂmfg tﬂﬁlése%fs '?ge 'printer (not shown) may be

provi ded.Fiefee bl i@ atrémblic Nigw @f2theaRRal Usodadl BY &arporddisiakhing tasks
to be executed by a conputer system 100 may be stored on the hard disc
drive 111stfoyyn gt bigeseihgopynakind 3 digry 2003: WO 001 26828 PCTI GB99/ 03605 8 t he
processorg; . L US p f an intelligent assistant
system 21@2’\8\% %ngn%ﬁﬁhgg?egs)?éqﬁév@?rg @%{élla?' time to highly-conplex tasks
whi | e theFigyst 8mi2l9 tatkes osoftzzdeearsdiings fon Behadibrofprefeenser “dmBsed on
previ ous observatjons of the user, thus enabling the user to increase
product i VPP{NINgy SPEWN B Fig¥k& ©i o0 be perforned by the systeminclude tine,

i nfor At i BRuANG GORTRKW CalahPdin NBNAYE BRI, - e PR Db BES £ QRPMERg SHSE Gkt
conprises several conputer workstations, interconnected via the

i nput / out poboflimentf ace 115, several intelligent assistant systens 219 may
be acti veg, .CO icate wth.o ther.. In the context of the

pr esent i‘?ll gﬂ ini%,‘s agr'r']ﬁjus“’é'r8”“|g§¥\drr1‘ot°f ntg%egs&g i?@tr}'i%otcgast%ccé’? 'Gﬁatr‘lo 10
entity, aseddndergbbdiveddt; be anot her piece of equipnent or a software agent.
As shown in Fiqune 2, such a system 219 may additionally conprise a set of
aut ononoukiosYa i dnig 2eahemayc Wy, ofie dispy prpvidedybydhd didryr a¥%3RBH to as
agent ST sRSwhh Fcre SREELAIAGtHS Hird 8FIRHImEASks such as diary
managenent, telephone call 1 5 filtering and ermail prioritisation, web
sear ch anfiguet 82hisnz bik ake dtegrgmesfgthiier giary Spstyepnozesd aconplingas athiidry

assi st ant i,ch, as will be explained in nore detail later, assists the
user to nBk ogi"é?rglt’entri es using fuzzy reasoning

Figure 13 is a schematic view of the display provided by the diary assistant
shown in Figure 2 according to a fourth embodiment;

25 Figure 14 is a schematic diagram showing an arrangement of diary
assistants according to a fifth embodiment, together with a graphical
display of a host diary preference function according to the fifth
embodiment;

Figures 15a and 15b are, in combination, parts of a flow diagram of a

30 negotiation process of the fifth embodiment;

Figure 16 is a block diagram illustrating operation of the email assistant

shown in Figure 2;



techni ques; 20 System 209 conprises a nulti-nodal interface to facilitate - .

entry of data in a nunber of nodalities. The nodul e 209 nay gog Jusnjgppur ed
as descri bge goRegBgi t1 sh Tel ecom Techni cal Journal (BTTJ) VobctiBoobsos 3,
July 1998, K C. Tsui et al, "Intelligent Miltinodal Systens, pp 134-144.
System 247 conpri ses a database that may contain nanes and contact 25
details of associates of the user, along with a user profile conprising
user preference paraneters, which can be accessed by the other systens 201

(202, 2080 20717208) 2Lihan Ut SRSUR SHERASCRrdfh S oLE Ao gy

i nterroga | ng and proce om a cl 2l €pHo i'rectory
servi ce sachngsméat komgnBages of the aamﬁﬁude&h@mr’o&dFlgmrémree detail in
British T JecomﬂTechnl cal Journ% (BTTJ 3}1 Vol . 16, No. 3, July 1998, "YPA -
An I ntel | FG8RE IR &8t orodbnaiAttsy JREPEY SROWIRG DBaGScREBITORIPTIY MH8A 155,

WO 001 268782 othifigerddid 283 af {o@@@rje%ﬁﬁf%mﬁ‘iﬁinem 201 conprises a web

assi stant for browsing the |d Wde Web. The web assistant devel ops an
interest hisdee bictihea Lﬁsvénesnatm dizgray aﬁ@wnefer&w&ss neUSflong)rwme-‘rlhggent
reasoni ng_t ?lhné

Y Th| CI‘I re deta in British Tel ecom
Techni cal G"Tour ral ?%‘F?Jt)o 'Tr s %? g%geanur{})r 168 '”%p"efﬁ%”%f%ﬁ'é{fa sation
of Agent gmrailsges” S. Soltysiak et al pp 110-117; System 205 conprises an
emai | assistant for deternm ning whether incomng email warrants inmediate
attenti onfFigurgah8pts rae\H'%"?/@ieoF“éﬂra&“I'éltJéVaHaEea PRYeesenf FOT2RYEAPr ETEES a

tel ephoneaeééao%%a tpdh ?Brt@ﬁEFromtﬂgﬁ m?éaemelat aéh' q%@m d be ansvered

i mredi ately, he ca may be postpone a later time or
dat e. Backigagent Shias ai bls»cbmﬂiabrﬁtrercbh@epambssmfm au‘nrsto/mrtmthélecqmautarn its
own particul ar way ents commruni ¢ one anot her by nessage

passi ng. T'ﬁ@%sepﬁsgfe?ftezerﬁf‘ée%ég R ﬁrervégléfly\fg‘:%\'@iﬁat%“?‘ﬁat respond to

events i nFidigeUs®lillSstiRte £R¢hEAAIRATNY (FeEds 8% aBFRinGStHaNGsdrelnaphenemaal | s) by
initiating interactions with the user, and all of the agents nake use of

i ntelligem@sradEyedhi ﬁgamgmtimg“tfemﬁﬂrw@élomn order to provide enhanced
assi st ance; élﬂet 98 |l§s§rschg9\aq{ loﬂ)%tkoﬁla%Qam showing implementation features

15 relating to the email assistant shown in Figure 2;

Figure 22 is a flow diagram for controlling answering of incoming telephone
calls, illustrating operation of the telephone assistant shown in Figure 2;
Figure 23a is a block diagram illustrating a tree Bayes net used to calculate
a priority associated with each caller;

20 Figure 23b is a block diagram illustrating a further Bayes net, which takes
as inputs the outputs from Figure 23a, together with information relating to
user activities;

Figure 24 is a schematic view of the display provided by the telephone
assistant;

25 Figure 25 is a schematic block diagram showing implementation features
relating to the telephone assistant shown in Figure 2;

Figure 26 is a graph of the output of the video camera providing the
imaging device shown in Figure 1;
Figure 27 is a schematic flow diagram of a process performed by the multi-

30 modal interface shown in Figure 2;

Figure 28 is a schematic diagram of various user states detected by the

process shown in Figure 22;



Co-ordination of information in the formof inter-agent collaboration has
been presented as a feature of many known systems such as the ZEUS system
di scussed above, and the present system 219 simlarly perf @rgrgusues

i nt er act iwovoksedzgeit that the inplenmentation of coll abor at paN/GB99/03605
different). However, system 219 additionally 25 provides co-ordination of
the presentation of information to the user, which involves considering the
constraints of an additional entity) the user (although the entity may be
anot her agent, or process). In general, after an agent has conpleted its

task, it§igiast2604r§enieék Qﬁﬁ%r@_ﬂw Widdirdtthd @ PrRE8Stdrhankly 85PQRHsY task
results to the user. However) in the absence of sone neans of controlling

when t hedevel @fthescameut®o usessantt ed, the user may be overloaded with
“information from.many, age si nmultan sly.. Thus cao-ordinafion of agent

i nf or mat i%urfs&?lné%&élgfg ‘{}goag\%is o gﬁ%ﬁ%gfqrh F1e8 Hfgt‘ﬁ?emlI L‘%I 8%t he
user. Thiigp@-foF thositd iy b¥RsS &duels aBELIHNRS to tRe Brd &N sZORn NEh ¢4 26828

" PCT/ GB99/ 03605 10 managi ng the interaction between the agents and the user;
perfor®i #P-t asks on behal f of the user that requires the action of nore

t han one agent; and scheduling actions to be perforned at appropriate
tinmes. This therefore involves receiving task information from ot her

agents, phouedswng the task information into executable 5 system actions)
such as the action of allowing an agent to display infornmation to the user,
and mai ntaining a tenporal database of these system actions. Al though the
syst em dirsgilr@SEGHolvsPat §ier ARPEdRANEIORa VAR RBP Y s{he S0 bafl ahpy®esi & abl e
to schedul e and re-schedul e tasks, the issue of scheduling presentation of
task 1@f corHenanal seybrardidOr: selispiay ecraenil@3asednasini CRIT conlagmergooern: &t any
one tine | 0] t ress h US. 3 may be a co-ordinatin

agent havrP%Lg’gSJea1 @ﬁ’raeg?qt |egsf°r:fbc7h|l‘fcglc€€E?’eﬁlgict g?/oece-s %felr?rﬁj@%?ﬁ/eés-mémog

et a- r easy;ng)hedpady erioé plianan agiosimbatul1isnguancssabsiepeshé ftoedaset i ng
its own future actions, and it is distinguished fromthe other 15 reactive
agents 20fteraneps Hom thegyserp@g Mg BRYCAHIGe WA B 12ZBIr3gNeE o8 dsdul i ng
capabi | i taamelRugnd SRRV G RadridRes 208N to cBRf& AL [R5 KEBhIBR©0a 18R Sréh
‘coordinator', is generally descriptive of the apparatus 305 as a first
enmbodil fermetwbrk HeANcansh dideateosa n2@voTke (WANbsdEmas ohe BOBrneutotfiecititateddtar t he
control of ans. 403, which may be provided by Java threads, although it is
under st 00t Cgﬁ%ﬁe {%g%d'q%gmﬁgén%%ag'agawﬁg r?"ﬂ%%es%%eﬁ SP”?%Ct?%go EH%PS}OVHQQ%T and
t hat any THGiterfBéd1ad 504is6 QMBS EdHtIY JFUNDIANY oftlihélephshePEQCEETES) AWallkik
provi de the neans 403. Java is a good choice of |anguage far devel oping

mul ti - agefAMRAIFNtE b9 WALN Fisest d @refnterconppsiedtyor camman byrd i i adzgtlon

t hr eaded ragc: 1St ; I ; to r =1 and
soveral thr Baqr Gp VB eo APy EAR T8 e 12 s CHRp BN Y ARE S

oper aiOngsheyeilenmy &s imédcoaseqiedvodirng lacali ateas @etwbrkcivies she i ibpat/o@sut hat

i ncl ude e.xgetal en‘t’ Ersetwork comuni cation facilities. 30 Thus referring to
Figure 3, "9 it} enbodi ment provides a co-ordinator 305 for co
ordinating tasks to be executed by the conputer system 100, i ncl uding

schedul i ng nmeans 307 to schedul e and/or reschedul e tasks and execution
means 309Nt & eoveational manner, the processor 107 runs programs held on hard disc

memory 111, making use of RAM 109, under the control of keyboard 101 and
25 mouse 105, together with imaging device 114 to provide data on the display
103. Audio inputs can be made through the audio input 113 for use by speech
recognition software. The arrangement can thus provide the usual database,
word-processing and spreadsheet functionality associated with a personal
computer by the use of conventional software packages stored on the hard

30 disc memory 111. Access to a printer (not shown) may be provided.

Referring also to Figure 2, apparatus 305 for co-ordinating tasks to be executed by a

computer system 100 may be stored on the hard disc drive 111 for processing by



~ g ,| UN 2003 WO 001 26828 PCT/ GB99/ 03605 11 execution of the same. The
co-ordinator 305 is operable to receive task information 311 d ho

maintain a record 315 of the schedul e of the tasks, t when
a change is"émggsgo a task or a newtask is sent to the co- &%ﬁgp 05, -
it 305 infornms the scheduling neans 307 and updates the tenporal record 315
5 accordingly. The co-ordi nator 305 al sogincludes a library 323 of task
pl ans, each of Which task plans includes a pre-specified action |ist

actionabl e to perfor rrespondi task, The user can explicitly specif
an 1 nt er r GBI RRCEAE 4071 8Pe 2PPORIRGS R TGNEF RASET 41t BFILRSTT R8st IWEt TR er |
and this naygh@hichPdHabled L&Rs GO~ GV aheiF @ee 1BSKighRf B8MBlekOfasBd While the
Typically, the interruption status includes information as to 10 whet her

t he user wsYySteracEadpt tafesr spuse depisiopp uptbi baARaI{ faforthe ferer eRassl et girepihone
calls and il i fd cations co-ordinator 305 includes a.-sinple
Chtertace SITEBtRtans: ol HRLLSAE B8 e bR 0 AREM Ik Ohereash, SHEART A IR 05
al so i n@l utieks aower perisratkal bBiRe swhieerh inthidel timed ehfodhatidrd aR@GYUThHaRicatish ar y

of user tasks and the interruption status, and is accessed by the _

co- or di nat BY2N3gEM&iHe NVRENEWUFI R tER SXE e BTNECTPIURAS FRY ST ah & omPnpRIT WioTkiséetinng.
315. When {Rg 60t NAtb Ofhe3QRod Pak t hgsi h 9RRLSS ]

system 219, vvhci ch 219rklﬂncf u‘%e@p at%a{?gl#ty a%éﬁ%%aﬂ?522§f%géal oﬁg&g@?h%gg&mt

i ntelligensydgentd 9 mhe bagrckide and etay3d8nmepldatatvith drieeariotfier nat i on stored
by the diayy, assistant 211. The.world nodel 20 313 may store.the diary of
dmer ¢ asko M EATRR i RE Disee e IBPUIT § Gast” RadotrderreR O sed Ge o fuier

t her ewittch. ef§haé itBRghetvdlioedaidthathiéne &f sq@phehi HEa adlwardbgadti on, and
when the task information 31 1 includes) for exanple, a request to supply
information to the user, the scheduling neans 307 schedul es execution of
the request, .t ke Hr i o] o) . I I f e
request i n%gl \;ghe@grgqg\ai'gu%o ZbZS%ﬁér?gsrvﬁg%nZ?%%%e&lcagq%gﬂ?n%ﬁﬁn%g é%df)(gr
ot her agentstonbheutisyeshat 20U 203,02051830 He20%2 1 T, denerallly refdrasiktonde Agents
schedul ed, and this ma%/ .be used to update the tenporal record 315, together
with the t PRESTHANS F8°EALKNUESV 1RSI TBFER SUTTh ap AiEY iR¥29PMenhetetedaBe 3] s
to di spigy filtBfiy BRd bRRIl bPiotiligatibne vebdatdh smt&wﬁoﬁetdxrgb{sﬁﬁbﬁauw . not free,
the co-ordinator 305 will either not attenpt to schedule the task, and
refuse the request, or will 30 schedule the task for a free tineslot in the

future, hayin a to the I ,..and the r r espondi

execut abl e\‘t agﬁgt\%g\ ?qgecoéf'ﬁrbsuétlgo% Foﬁ?%glség%gr%ﬁ‘%g‘t g %@%%Fxgﬁé ec{]ﬁh@m?n
the first sletalntia@n, tdistoutiae wler tte mekeiediary ddtridavesing fezaynirebedreing he
WO 00/ 26828 12 a s ~uN 2003 PCT/ GB99/ 03605 request at a later tine. fn the
second sit 4&EhHAYSHd the first situation when the current timeslot is free,
the cors@SRONGyNaneYeQUlARbRstaSknIRLARE i dbadeoBTHifakL YhRPLIRRRA RS
co-ordinator 305 and the source of the request to permt the source to
conmmuni cat @ niibet lnd modealitiés.Jaliee torddes2d9 mayl 1@, cdXigyreshaswnleisnribegune

4, are operahl concurrently execu Luraljty o roc s, each aof
which is reagﬁg‘ sf%le‘éo?"o e%&ﬂtﬁ%@”%’aﬁff&%&o@%&% %’oﬁrﬁ‘?’i ﬁ?ﬁg 1'!<he(‘a' Psdi
co- or di nat @t a308ntaigentt RIGR00EIAS PakeaTs, 3P 188ceiaes task information 31 1,
a first Java thread 417 translates this into a systemgoal 427, and 10
retrieves & co¥$@Shotl P PRATES4290RTEHRSE hENGS| @IY| FRNtEfTY rBPses FNds cENEAFt429
consi st g of set <0 | f Lev] &icul , | ....and
thethr 250 19 o efIAaR SFTRLLED, ARG s ool BRI S uedley
to form an prtoatadberdrastersisiwhishpaarabetercessep plyi théd ovheh sty bengo 0142203, The
t ask infor%%og ;1 1 ﬁ i ncl ude paraneters such as a deadline tinme, which
is transfer ) 'tﬁggrsT? flem goat 427, and 15 is then used in conjunction
with the acti @QsicpRPI@E & drfoFRRChA YaRXAGHE 118D ihidiEsyAMNY 8n8 QroBERARY! B8ta
execut abl e task 433 by the scheduling neans 307. Two types of deadlines may
be speci fi efdom" as classiiiesls tpiepbpbe edirectady "sgsvicat suak poskilbing Febese™t s

deadl i n%O' J:ahs%ri%(e)glind'%%rga etgll?\llr? EQ; ?s@, fl"eletc%%eq'etc):){m%at IJtoEJ?nral(MTJ) Vol. 16,
No. 3, July 1998, “YPA -~ An Intelligent Director Enquiry Assistant” A. De
Roeck et al pp 145-155;



20- shown), which is specified by a set of neta-rules and whose job is to
select only those tasks that are desirable and are believed tq be

achi evabl e by the co-ordinator 305. The schedul i ng nmeans 307 3C$18|Hu|@g3

t asks basewmon/ieBzs preferred type of scheduling ("as soon asPqGRIEBIINIENS, or
"as late as possible before the deadline"), taking into account, by
consulting the world nodel 313, other tasks to be executed. 25 Once an
action has been schedul ed, the tenporal ®ecord 315, which is a list of
active tasks to be perforned by the whole system 219) is updated. Once a

task has beersyRifaess eddniPsedNa ¥e6 Wsahhent askpA3dsing GRSWdrRedvidRonrs. a
second thread 419 picks up the task. The second Java thread 419 repeatedly

checks 30 B websassigrrstthepvelopasRT nsdaesexeedel mf, thaduserst inteeests and ask
to be execb'rte‘?grentcpg, 9§?\%§H&§]@8?§@?§as%w%%g)§§rg@qEE% QT és%pibregqu'n@%?ﬁto

execute the task trom I nat or wn 1 n Figures

The secondd¢taileiadBAiSh rMgjecam Tedhridcal UN@0OEB (RO DONV26828, RGET/ &BI2/y036038, 13
every 15 seconds to check whet her tasks pee xecutin and [ s capabl e of
retrievi g_-g'f‘l% £EApa ‘ﬁa‘é%'&l‘?fc’%&qr\é.éqrf"czfssg‘?'id%ﬁt\b?'a'f5_%%% pﬁallkéﬁé nretrieved
in SUCCESSLV%\Fd&lneﬁestctb‘?nﬁr?ﬁﬁsa@re%é?i’(‘a’%%?a@:t&%ﬂ‘d"e'ﬂér‘nﬁhln\g ABREAGH HEoHIng he

order in which they were retrieved. 5 Athird Java thread 421 processes the
updat i ng oem@dwarskts ifroedate antedtion, ombar beiraelevdes atmailatari dateg t he worl d

d 313 of.th ' tivities, This. i hi eved i t by checki
every secofid THESHeant aSKTPHFEH fatT SRS £5TRHIMN F RET RIS TEAA NG 781 2t he

interrupti enll shatildsbé HnaWBREd Gmmaighddy, bntarekRed itk Whl iy el psfhonsd 140
second threads 417, 419. New task information 311 may effect del etion of

any goal® Adatesrtiee A etfifred (corresponding to new i nformation task 31 1)
and scheduling of a replacenent (if applicable), or of a newgoal. This is
shown in Figure 4 as a feedback path 439, containing task information 311,
to the fir &act lagestdhdd 7is donTheertareoardi imaemcts306theye ab&oin nsldvde paedousarf or

storing user preference 303, which user. preference, in the case of the
co- or A nat GrVaGE ) SEREP oL BBRETS ST RE<eTa e B BERTA%E 87a s Has8ks,

thus enabl iaggntsh@rL s QERiiNRL FEadfe RPN AHE &e868dPNR idVeh@SAANTE: tGser's
vari ous systemgoals (such as issuing rem nders to read low priority

emai | s) 15| gnvigentaerst (suple ast endity dnd eleebense allsy davt indtiasimiat interaeidonsewithi thed
bove, th t i,nf i : : i
vt a model o518 ALY MY B sp3kETuR b, Jhedilfer Rl fiph SHBMpLkiR

executi on neemsiq3e9id ardarpar froeidd Behaedddoassstiaviee [taydr;usend t he stored

user preference 303 and tenporal record 315 form part of the neta-reasoning
| ayer. 25 As descri bed above, the co-ordinator 305 is also operable to

manage Co-ordinator

20
Co-ordination of information in the form of inter-agent coliaboration has been
presented as a feature of many known systems such as the ZEUS system discussed
above, and the present system 219 similarly performs such interactions (albeit that
the implementation of collaboration is different). However, system 219 additionally

25 provides co-ordination of the presentation of information to the user, which involves
considering the constraints of an additional entity, the user (although the entity may
be another agent, or process). In general, after an agent has completed its task, its
next course of action will be to present the corresponding task results to the user.
However, in the absence of some means of controlling when these results are

30 presented, the user may b”e overloaded with information from many agents
simultaneously. Thus co-ordination of agent information is necessary to avoid

increasing the cognitive load on the user. This co-ordination typically includes



interactions between the user and the intelligent assistant system 219.
Thus, when the system 219 includes a plurality of intelligent aﬂgntﬁmzm
203, 205, 207, 209, 21 1, the co-ordinator 305 interacts wit i
intelligentwadéss8so as to schedul e presentati on of their i BEBIGRIVOI;AST O
the user, taking into account the interruption 30 status, such as "w || not
accept any interruptions”. This is shown schematically in Figure 2, and the
intelligent agents may include at |east 30nme of a diary assistant, an emil
assistant, a Wb assistant and a yel |l ow pages assistant. \Wen the system
219 WO Om=phaging fe thteradtibh 2R eBCThEBSGAS M itive lusde Spérh@nfih@ridsks on
assistant 21 1 §> tpis is used to re-set the interruption status every 30

m nutes, s8ePHEOT the User Hhadrepdises Higy Bt ¥h of nere-$ap qnfeaeqnit ard sshedidinpy e
(i.ewill ageemtd Bkedemmerﬁ"&pprsa}ﬁatéméﬁﬂm@tﬁ@rzﬁo?eqagﬂe%' redBfiy taws
interruptions fromevents such as nmeeting reninders etc early the user
can overri ddotrhatioralftasmaether Sagenis, chracesHesi thed tasks infarmbigora pptoe @ixat@dbier om
the for 0|n desctrl t|o thhe cO- ordj ﬁ;\ or 305 is not a|centf al i sed

control | mtﬁ%'o sf‘lé 3347 AFYHLRGATTHEI Y 69%1‘&8%?*’ LTIV

t he agentsu@@rl and0haird&ining2 @ fremPdbal dakaadeOofith@fEl s@eGULERIhs3 MWttifughhhe
tasks 10 passed fromthe co-ordi nator 305, the agents may not performthese

tasks. The S¥gef SlischmmenncattenivapR!icaiion ¥Y9RS/0BS ﬁg(dﬁh@"@éusb%n'smgdgl ng

Ar chi t ect urg [ o] a h 3, 7, (2 21
i@ hh L : |

1 operate rrgst éﬁgrrb%ﬁé%&lgr%ﬁ(%n 0 {%%Lé u(g%rs?‘:%w ﬁ% gohgs(%ﬁt goglcrolfbg%k

above, not urliﬁocaammmt@ftha m’;errsn:abs 00 avoid Aeooseunicstigroutethadhatoarghotdi@ime is

co-ordi tor gg hown in Figure 2 15 by the squares 241. In Figure 2,

the ell i§sé‘§ 3 ‘esent requests fromthe co ordinator 305 to the

agents, and may correspond to the information for effecti ng task execution

309. The di anonds 245 regresent a record of the user's preferences or

i nterests, THhavepRerpeen3@Rtmaythed af eoATdENITHCaBask Za\mngomttanemtmg architecture

profile dat S t s 2 ke dj.anonds_ 24

web and yel( c?v%g-ggges Bg%g'g%sta%%tsa '%Ig;go'l] l@ SC%B%’Bt he?a ,caarrﬁﬁh SC% 58‘?%3%

shows apparsabssqdedtly GareontiiidIAL iodh h&aksactmarhe aaxecut@embgu&weaomutmé @apet em
accor di ng to a, second enbodi nent of thﬁgcoordl nator generally simlar to
[

that of 1Ri JGREEe3 2qRRIS4 200 - wh? h A0k e2B4r thRRSCHRYh 39VvEi Penviriugeof this

reference nupBAGINYG edMdotiy | TARL tHeecsl8afndbRdaddHt! REleiddRtdGL R led tBhé‘s gegend
enbodi ment i ncludes a co-ordi nator 305 for co-ordinating tasks to be
execut ed byordhﬂ@tQIonpmeeraﬁysftemmﬂe ofghe apheranes B@Smsdelfirgi@nbadicenvabithe y

is provided bgd 1e diary assistant 21 1, which stores the user tasks as a

fist of tasKs?" M Yescribed with referencetotheflrst enbodi nent, the
task information 311 may i nclude, for 30 exanple, a request to supply
information to the user) in which case the execution neans 309 will send an

execut i @R t Hik coPreRatali 3¢y fygsiiqtsanndethe coptrot 196 mpansy 403, which may be
provided by Java threads, although it is understood that that the use of Java is

inessential to the co-ordinator and that any other method of concurrently running
multiple processes would provide the means 403. Java is a good choice of language
for developing multi-agent applications because of its object-oriented and muiti-
25 threaded characteristics, enabling each agent to comprise many objects and several
threads. It also has the advantage of being portable across operating systems, as
well as providing a rich set of class libraries that include excellent network

communication facilities.

30 Thus referring to Figure 3, the first embodiment provides a co-ordinator 305 for co-
ordinating tasks to be executed by the computer system 100, including scheduling

means 307 to schedule and/or reschedule tasks and execution means 309 to effect



assistant will schedul e execution of the request to occur in a free tine of
t he user's 0 3 JUN 2003 ' WD 00l 26828 PCT/ G3B99103605 15 di ar ld}pzmnner
i n which such tasks may be schedul ed by the diary assistant 21 3

descri bed iWMO@®2eR8 | ater in the description. - The foll owi nCHIGBIAI6ES t wo
scenarios to illustrate the two enbodi nents of the co 5 ordinator in
operation. The first is a lunch booking entered into the diary by the user,
together with a non-interruptible one-holif neeting starting at noon, and
the second is a booking entered into the diary to arrange a holiday at a

parti cul ar exguugioarafarngeshnté. fEhd co-bhindtot B06. is Idpekatie ho Boodiv ¢ gaskTin¢oreH aaiby
agent 21 1

orm ng one of the intelli t. agents, sends,a nessage to the
s or di nat 37 1 08 & EATEBn? dEALreh SRS 0P AT BSNTCHEKOE e FEPvRY Gt U
descri bi ngwiHRA 4 ¥AsHyDROKIaAE taNdrdeResd Bthewd Riski B QHARLI AR dAsKIrtd: BAE! Hdes
parameters 15 relevant to the same, which for this case Include a deadline

of 5 ni nut 895bitfeims tthe eghedyfing Heeanset30ig,andndpdmesai the sémpire! pecwdn 3Wbt h

whom h i ng,.  Thi ' | ' h
oo opr ot £ aelba LR ard M 307 e MR, Pty 325 o B8Rk 21603, B8 a2,
429 for sueich saswaplans MAglUdes | sdgresspeeliledwapageslisteactbndon ® IRefoAwr ant ;

finding the web page of the person having lunch with the 20 user; and
reni ndi ng FRAEEIRODAING taske TREHES ERSPRIRIICHYNEReCTN@ndBRsmtionFtatarfer sbawingen
speci fies 3, gL GIRORIERhRHRCY BRI §sdra8Ka 483 i 4 ; te
execution mreans r309, and |tncl ﬁ%es an action lonmt ggggg%rtl (r?l.%%a@%g%ggﬁé l
cause the amk opeinzateragént Jyvpaafly.otes stettaption espestinsledacirnfonsatgdm as hios

i | 1 243 t b | | i ts 201, 203). Th
o Tovi 1 R Bt o il SeF oY e Bhe DAY TR BRRL 2SR, Rof pkprblisyrestone
reduction ph#1RAE dMal notiffo@idrsstangetHaoad-otdinatdp 3ds (Heates! & sikble) inbdrbdte=

Pl anLi brary. fet chPl an( Goal ) ; 0 3 JUN Zz0®B
allowing the user to set these preferences.

The co-ordinator 305 also includes a world model 313, which world model 313
15 comprises a diary of user tasks and the interruption status, and is accessed by the
co-ordinator 305 when scheduling tasks and updating the temporal record 315.
When the co-ordinator 305 forms part of the intelligent assistant system 219, which
219 includes a diary assistant 211 as one of the intelligent agents, the world model
313 replicates the information stored by the diary assistant 211. The world model
20 313 may store the diary of user tasks as a list of tasks, and each task has a timesiot
associated therewith. Each timeslot is defined by a start time and a duration, and
when'the task information 311 includes, for example, a request to supply information
to the user, the scheduling means 307 schedules execution of the request to occur in
a free timeslot of the world model 313. If the request involves a task to be performed
25 by the co-ordinator 305 and/or other agents, the timeslot duration may be implicit in
the task when scheduled, and this may be used to update the temporal record 315,
together with the time that the task was initiated. In practice, if the request is to
display information to the user and if the current timeslot is not free, the co-ordinator
305 will either not attempt to schedule the task, and refuse the request, or will
30 schedule the task for a free timeslot in the future, having regard to the world model
313, and the corresponding executable task will be output from the co-ordinator 305

at that time. In the first situation the source of the request will have to re-initiate the



WO 001 26828 PCT/ GB99/03605 16 If (Plan !'= NULL) Schedul er. schedu(e (Goal,

Pl an); Goai.setbtntus (REDUCED); 5 } ( //assunes that nowisoég@'{c?mgent
time Task = TaskList.get Task (now); Wile (Task !'= NULL) 10 f cut eTask
(Task); TadkO8¥68%t us (COVPLETED): Task = TaskLi st.get Task RGdGPo%/0p803
When the agents 201, 203 have finished searching, they have to notify the
user of the results. This is routed via i%e co-ordi nator 305, shown by
squares 41 on Figure 3, in order to deterim ne whether the user is able to
accept interrupts. The co 20 ordi nator 305 accesses the world nodel 313,
whi ch i ncl1egesstdet &i laserotimgl. |Inofhet pecanseituationr pedttharfirst wituaton asken dhe

the 1 0t err UBLLAN AAIS:s | Rofr IRE. | BeBOLAGHRE! 8 RGHL ANgTIoh) ephiPobe!

tointerru e user w i nf orma 1 mes1 ot ha’s
ascert ai nefomtrivgicacion bdtwadrothe3dbordnyatpasSes andithe @bOREI dInhé asduesdt td permit

i ncluding the ascertained tine ai$ parameter, to the scheduling neans 307
and this | POPUEHEIGPBEIYUNTAE MNTESSelser' s tasks in the manner descri bed
above (gpal 427 - plan 429 - instantiate 431 and schedule 433 - send to
execute 309 by another agent if required). Holiday Booking 30 WO 00/ 26828
17 ~ 3 JUNJ2008rexgE 480 08605, BhewnsiorFignikds aae opatable testamgutrietiviezegute
assi st ant 21l1,'.tforfn‘i ng one of hthfe hrghe[sl i%%nt, a9 nts. Tthe user thus Smaekes
a diary enf'rpyur oY ¥ rHRGE S5 B9 d%lyw e 63 |n8‘5’I aler eﬁ(F‘éL-‘ éﬂgr\éﬂboéﬁ RPHESSER
the futurecofptisihngt @nd hts-ofidtyr EBOBY, WHRA GRe OtBidRdih®lor 38B5Wirbei@8ks Uk
that appropriate data is collated and entered into the diary so that 5 the
user can siffeesation i1 adiiesiava Bread 4| hdtansieteoiis THae syseémsagal 427, and

pronptech t g g@&&r a icBFrgls%%)‘?/ﬁngi BlaY 4y HBR {rﬁ%%é?ﬁ'ib'r'al?z'ss’;l ‘?‘Whis"‘ﬂ%ﬁmﬁ 0ORLiskst he

user for a ecf sired ho estination. The diary stant 211 sends a
nmessage t oof esetoeoadiisratenpldts, fareghéserg edpaxscaarl @oalewnd nther tne¢adord 17aisk
311 in Figure.3, describi i T ransl ated |

. ribing gl"'ue hol i day. his.31éisg gfoa
goal 427, &iEAoNptE0bpTSafa! gafcAion EORIale i UEY 1 BHM AR SIESHIEPIHFasky
323. A typisgly praRete?d shighlic8USh ahs @RAABDRY. TRY thiC|Mstthationed 1 PWAHABRR de
search for a travel agent and finding the web page of the correspondi ng

agents. Th@asyheidld sueh areadsador timenwsisads fiaasferredde itbe sustamgoa ieitangl e
task 43?‘5 Vl\@'tf%?\ JRY iR%oRﬁx%%ﬁgn Wtr;[ m‘:‘e action template 1o specify execution times and a

corresponding executable task 433 by the scheduling means 307.

Two types of deadlines may be specified: “as soon as possible”, and “as late as
possible before the deadline”. The goal 427 may have been filtered by a filter (not
20 shown), which is specified by a set of meta-rules and whose job is to select only
those tasks that are desirable and are believed to be achievable by the co-ordinator
305. The scheduling means 307 schedules tasks based on the preferred type of
scheduling (”“as soon as possible”, or “as late as possible before the deadline”},
taking into account, by consulting the world mode! 313, other tasks to be executed.
25 Once an action has been scheduled, the temporal record 315, which is a list of active

tasks to be performed by the whole system 218, is updated.

Once a task has been processed into an executable task 433 as described above, a
second thread 419 picks up the task. The second Java thread 419 repeatedly checks
30 435 to see whether a task needs executing, and if there is a task to be executed, the
execution means 309 passes the information required to execute the task from the

co-ordinator 305, as shown in Figures 3 and 4. The second thread 419 may run



15. executi on nmeans 309, and includes an action on the co-ordinator 305 to
cause the appropriate agents to process their respective actions | hi s
case, the schedul e involves the use of the classified direct&ﬁ&45§ ‘ant
203 and t hwowWeiexrgsi st ant 201. The executi on neans 309 thusPCH&IR9903165t he
20 assistants 203, 201 to carry out tasks to obtain data relevant to the
hol i day. The directory assistant 203 is instructed to obtain data from
travel agents listed in classified diretBories that offer deals relating to
t he desired holiday destination. The web assistant 201 is simlarly

i nstruct edvérg I8r seddreiswed dHecki ndletHer r essRONMA] ekOE@THTRL Ad iONcidMdie of
Internet. Thus, the nanes and tel ephone 25 nunbers, and possibly ot her

i nfor mat i GHMeYNIt PR dRStagBneach IfaE'eof!f &3 $EFe8pRl dpTHsatheve ebsarc aetieed in

obt ai ned. smsf\@ec@c%‘s?ttﬁeﬁflt%? ?a_?_% Re¥fel! ﬁ@ﬁﬁaﬁ’ﬁé%ﬂ’% Ot“hf%r Q?c}’e‘?dkaeb

notify the user of the res e data obtalne rec y an

assi st ant svie@8thexOdeiesresrgaviedt 0 t he co-ordi nator 305 as new task i nfornati on

311. This is translated 30 into a goal 427, having a plan 429 associ at ed
therewith, which in this case includes sending a nessage to the diary to

di spl ay t hetHirbUdaSthrddtea 2X @estdsedt TFRANSIaING ity $addm 4 ARGt RAL 8 1,0whi2g
diary entry slot in the diary operated by WO 001 26828 18 0 3 JUN 2003

PCTI GB99| OBdresdapaineiniagithe avaridreeordod 13 ohdbeiupers eetdsiden. Thihissachievadhie
time dict d, by r i | afr r t i re e i

sui tabl e %tgftab ocg%a e etQ’EHe;a)stﬁg%rgd ?grl @1\'% oyagé Fr’g%fﬁ i::c)mt ?&5& &'E%tgnﬁ'scmatneg
order to aheckige forhthehatdrdayionStdtasspfotineticn- arddbynaiterfadAd with tise fild dadr den

of many_of the ste of _.arr ihg a holiday fromthe user by nakin
refer e%@e sggond !5?’855%@ y %Iﬁs?lghég bﬁ%d%ﬁ‘f&@&?ﬁ% hg’“éﬁtefﬁﬁcéé?é%ﬁmrb%éfa”f/as ks
in accordypeR v IolﬂlgEhPeqﬁ‘r@@-(gdng{s&%ﬂwcﬁin@Qo Wade3bandichnatk 817y RRaT ?%duling

different plans can be held in plan library 323 to execute different
t asks whi ¢ anegplacemgneifoapricable), tdreoagshew aanes Bhown shawhOinFFigure 42as Bhe

co-ordi nat t hus._ex ds_exi st | S to incl yde orally
specific égéﬁbsaag 3%? %ggh??rg)ré\'sn%da%gkggfg&k?ﬁ%%?l?g'sﬁon%eufﬁétﬁﬁﬁigg?US f or
scheduling and co ordinating the presentation of information fromsystem

agents to _the user. The 15 apparatus may include a systemthat both
mai nt ail As de WPHRAWSPP dhodep Ui Bea)S f e mteRk Yo eteprauPes, which
i nterrupt i QRS ptdteteRBe, UfGthe d@Se idk B oIdAGHER F055 s eMclue SrBtdited hhag 16t
tenporal record of systemtasks separate from but interactive with, a
syst em t haterfoemigul eriousntagkacthiue renabling theheowsdinator 395bta kckadubeliantionssin

descri bed rabove, theagﬁ&agaétg% i galga(gggwl easolfssﬁ.gschedué i ngc act idolns i r1I it
responses F%p%’ﬁgn‘ﬁeg il \ g InNg reminaers to rea ow priority

emails). In terms of the standard three-tier agent architecture described above, the
20 task information 311 forms part of the reactive layer; the world model 313,
scheduling means 307, goals 427, plan library 323 and execution means 309 form
part of the deliberative layer; and the stored user preference 303 and temporal record

315 form part of the meta-reasoning layer.

25 As described above, the co-ordinator 305 is also operable to manage
interactions between the user and the intelligent assistant system 219. Thus, when
the system 219 includes a plurality of intelligent agents 201, 203, 205, 207, 209,
211, the co-ordinator 305 interacts with the intelligent agents so as to schedule
presentation of their information to the user, taking into account the interruption
30 status, such as “will not accept any interruptions”. This is shown schematically in
Figure 2, and the intelligent agents may include at least some of a diary assistant, an

email assistant, a Web assistant and a yellow pages assistant. When the system 219



20 the systemtasks. Diary Assistant Apparatus for allocating tinme to an
event may generally be a software agent 25 known as a diary ggsjyN a8. The

di ary assi&%@@%ﬁ% 1 uses fuzzy reasoning and schedul i ng teg p}@ég/g%%g

assi st the managing a diary so that the user does n

specifically select a particular diary slot. There are a nunber of

enbodi nents of the diary assistant, the ,first of which 30 enables a single
diary entry to be schedul ed over a si ng?e day, and may be referred to as a
| ocal node of, diary.entry, \Wien the user invokes the diary, a diary screen
i s displ aV@g‘dSﬁ tﬁ?\éj'?ﬁ's‘"’ﬁ%ﬁ?r‘i 1,1'a§“5s oW 1P E§-§%h e7interpirtiopestalis” aYsiyY eved
ei ther bys3d¥mhis280 aRM PRAd BE& KRMHRGGHAH 1d ResGORERRSLs YP.0N26828 W O 3
JUN 2003 PCT/ G B99/ 03605 pronpt or by activating the diary icon displayed
on the scaegept IOEruRkiped)i tensysems 2plriekes cohwohssd sllaws istertupsioes St e.
Referring_to Fi e 7 he diary scree ' ays_each day .as .conti guous
diary 5 sPoYy® osggé ar%aﬁnF%%%Fe'H'ﬂﬁgﬁsi %t%' %Aésjé@ﬁjfﬂ%uf% HHEYEE° tﬁ'ﬁealﬁg@ra 'Fs
pronpt e&d b@witspéfcddsyredet ail s of the diary entry i.e. narrative, in w ndow
605 when the user selects an appropriate nmenu option fromthe diary screen.
This may be entered via the nulti-nodal interface 209 e.g. by using the
keyboard qr, I i ! : 60 e r . i on
of the evg\ﬁt&?\oﬁéirgsgree]ccgag eygﬁeg*%iorg%?}e‘?g%ggﬁﬁtw&hggsv 0%,8{”% Q?c%@%ﬁs?géfén
may be entemtealisaed canfroligryfoentte yystBor 2 XaApheyghnttencd-beliaten806 saa regedstng,

2551 st ant e PR). Z080PDGs Al P80t A3y GHEET GHeGHTEn S0R et Mo E e
neet i ngo i Phassddnfrof @y colranNBIRS308, thiagahtsl WagYndtupelé AN Shidiatadkay The

applied for an input of 15 "around 1 hour" ma§ include; a triangular
functi on PHARISRARDURICEEE W/ithapard 8thel YsHig &R £eb®PPess Messaging Aaelitecsires

ei ther si -V f40. ti 3 1 e n 0

m nut es (q eet%'geq‘?g\r %ﬂ;}‘cﬁoﬁé Plgua}“J ?rﬁe%ﬂ?'bﬁ%et |'n%)6?'09?g’1k26?1h?t1ﬂi ﬁa&ggbt weoesﬁl 30
m nut es amcidér hber o3 ariomudfesiy ;us20, aithbuaipeaoidiatribachcibioos, traifichden aof
value of Q for all durations |less than 1 hour; a value of 1 for duratiaqgns
bet ween 1."P1f8UPa"é‘?1'Ht‘1 R HPerls rRYTSG LU FPT n%PY 355 3 AR inFigyres2at 1
hour 395 MQUiHRSsdURES 241210 YWrd oW eliBRRS24 HB8EdeQbnt RqliBks Rbm! GRSLo-ONe
hour, preferably not longer"). The user may set a desired fuzzy function,
dependi ng codingtee 30Ppte e apBntseend mpy Jereespsed tp shainformatimmpfioe @ffeotingtiagskat e

in w ndow g e?pr e.event CLJ Ln w w605 is .interruptible or

not i e. vﬁ%g lfl_lt\ég'}\ g. J;hgrdlgnaggds %% le?ggen'trb rec%%) of t%e user's pré ererPces r
interests, having been extracted from a database 247 containing user profile data.
Thus the agents 201, 203 linked to the diamonds 245 may be web and yellow pages

20 assistants.

Figure 5 of the accompanying drawings shows apparatus for co-ordinating tasks to
be executed by a computer system according to a second embodiment of the co-
ordinator generally similar to that of Figures 3 and 4 in which like parts have been
25 given like reference numerals and will not be described further in detail. The second
embodiment includes a co-ordinator 305 for co-ordinating tasks to be executed by
the computer system 100, but the world model 313 functionality is provided by the
diary assistant 211, which stores the user tasks as a list of tasks. As described with
reference to the first embodiment, the task information 311 may include, for
30 example, a request to supply information to the user, in which case the execution
means 309 will send an execution task to the diary assistant 211, and the diary

assistant will schedule execution of the request to occur in a free time of the user’s



not want to be disturbed during the duration of the diary entry, e.g.
during 30 an inportant neeting. These paraneters defining the diary entry
may be described as constraints of the entry. WO 001 26828 2§ 30/ 363! 2003
PCT1G B991Q@§0éneedbuse cursor (not shown) can be used to engEfgBodfgdser r ed
start tinme for the diary entry in window 601 . Wen the cursor is noved
onto wi ndow 601, a further wi ndow 609 is 5 displayed, allow ng the user
either to choose one of a number of fuzzysdefinitions for the start time of
the meeting or to type the start tinme, or fuzzy definition explicitly. In

t hi s exanpke,,, t n I e rl Nl 1,
| at e norni !rjllgryt?lﬁ %,Mgﬁeéﬁﬁ%ﬁpﬁfa@?t%/ﬁ(gnrﬂ?ﬁ%%ustscg?&g%?%y st‘?'g ({'%(Wengsls%lté]\n&n%%lw
617, the disategcrissi intdensil lasar is elek dasatipaioy. sl ot 10 general ly around the
entered tine. In the follow ng description, it will be assunmed that the
"early nmorning" time 611 has been selected and that the |local node is

operative {4 fé!mﬂﬁgqﬁys@%s $R@WLenaribd YW Nifustratd e QY0 $mBBGiRjeReEs Bk RHOW011

has an associated 1 uzzy function shown in Figure e early
nor ni ng Ssebrsiinatonin apgeatitinaripedist ist amnchdmeking ertatedtintreths diesy by e 85@0 am

9. 30 Lt i h, of 1S..qI a f [ b
0”and 1. rhogthieha i 3TAG ARE AR Bhe kRSB e Pe 4 le A bR -

1 . The tireaspaikitd eht&@damtbstheediarpr ef @riaede afnchGidé@nad ar akidigarf pr@- 75.
This is followed in 20 preference by the 9.00 amtine slot which is given a
ranki ng of 262838hdMGE Frienﬂﬂé’fr%t of 9.30 amis least preferred, with a
ranking of 0.25. It wll be understood that the fuzzy rankings shown in
Figure 8 are only one exanple of different values that can be used.

Gener al 16/ techvBbaierg:may be 25 defined by a function which has a peak at
the nost desirable tinme and tails which decrease on either side, towards
zero. For exanple a triangular function could be used, with a peak at the

nost pref empedidry yeaNd 197 T&hGRY ohbng WkoRasideat 266Ms08edd Behestale toWhth a
total tinmewidth of two hours. Alternatively a trapezoidal function, or

functions Rawr#iga®r FO%: terreeAntad @5 & NQY P IEEAN task Bopen dieHra Setrecdyng d
be used totﬁ@flh&% tb%%kianZEXd ruﬂ@é(éirrbgsﬂ'he iWon%Q/oRG{?’azsﬁ 34'1 includes parameters
15 relevant to the same, which for this case include a deadline of 5 minutes before the
end of the meeting, and details of the person with whom he would be lunching. This
311 is tran;lated into a goal 427, and the appropriate plan 429 is retrieved from the
plan library 323. A typical plan 429 for such a scenario may include a yellow pages
search for a restaurant; finding the web page of the person having lunch with the
20 user; and reminding the user of the lunch appointment. The scheduling means 307
then specifies a corresponding executable task 433, which may be passed to the
execution means 309, and includes an action on the co-ordinator 305 to cause the
appropriate agents to process their respective actions (in this case via ellipses 243 to
web and yellow pages assistants 201, 203). The following code fragments describe

25 these processes:

//basic goal reduction planner
Goal = Goallist.getGoal ();
30 If (Goal 1= NULL)

{
Plan = PlanLibrary.fetchPlan(Goal);



0 3 JUN 2003 PCT/ GB99/ 03605 Certain tinme slots may already be filled with
pr e¥i ousddi ary entries anddso t he dihar%/ assi staEt seekshto fi radJBﬁu st
preferre e try according to the fuzzy rankings. TiS\‘ylh g
-descri bed {v&r"[‘ﬁ”z?@?er ence to Figure 9. 5 S9.1 The assi stant E%ﬁcérggv?e t he
time slots within the preference range set by the table shown in Figure 8.
It will be understood that sone of the tisma slots may have al ready been
taken by previous diary entries; S9.2 'I]he assistant 21 1 decodes the

selection into dates or perjods within the systemdiary and attenpts to
make the diary entry accol:fdépffﬁ‘ !t"(')\“'ﬁ'-ﬂé fuzzy 10 rankings of Figure 8. This

is achieved by initially inserLin he new.task intq a space according to
the order of preference shown %?f‘%”iﬁfrsﬁ%&'ﬁﬁé%% 'ﬂ%(@ i ncl ude novi ng tasks
al ready scheduled into the dia j { slots are avail abl e,
this nmerely involves selectingé%ﬂgkgﬁgﬁkgg?%ﬂfé%gfslots according to the
order of preference shown in Figure 15 8. However, if sufficient tine slots
are not avail able, the assistant 211 makes use of an iterative inprovenent
al goritbm}n order to review the previously entered diary itens and their
fuzzy rankings in order to determ ne whether they can be shunted, w thout
changi ng their order so as to open a sufficient span of tine slots to allow
the new diary entry to 20 be inserted. A suitable iterative inprovenent

al gorithmis descri b&@ssymessthat mowiisthg GyrEert H&%ce - A Modern Approach” by

S. Russell and P. Notvi,g, -Prentic ). USA pp 111 - 113. The fact that
both the duration an a%‘ig?i f‘SIT 'megglégfh‘é’w vents are described by fuzzy

functions provides ¢ i |- ibility in scheduling diary entries. 25
S9.3 The result of r&ﬂﬁkﬂgﬁgﬁéqugggithn1is reviewed. |If successful, the
new di gy entry is eptered into appropriate tinme slots at step S9.4 and the
previous diary entries are) if necessary, shunted, w thout changing their
order to accommpdat e the seacudeBssk @atky. Al ternatively, if the outcone of
running the algorithmat step S9.2 is unsuccessful, the diary 30 entry is
not made and is instead efogh.eerBatus (CPMADETEDN)st at step S9.5 of Figure 9.
WO 001 26828 22 0 3 JUN 2003 PCT/ GB99/ 03605 E’he followi ng code fragnents
describe the specific inpl'@Ment'8EKdAT-84" oAk (MM ati ve i nprovenent met hod
described at step S9,2: Schedul e(Allocation A) 5 f N = neighbouring
solution states of A’ // Nis a set of allocations neighbouring A

(reachajy e}by a single transformation step)// if (N = {})

When the agents 201, 203 have finished searching, they have to notify the
user of the results. This is routed via the co-ordinator 305, shown by squares 41 on
Figure 3, in order to determine whether the user is able to accept interrupts. The co-

20 ordinator 305 accesses the world model 313, which includes details of all of the
user’s current and future tasks and the interruption status, in order to anticipate a
next available timeslot to interrupt the user with the information. Once a timeslot has
been ascertained, the co-ordinator 305 may pass an information task 311, including
the ascertained time as a parameter, to the scheduling means 307 and this is

25 scheduled in with other user’s tasks in the manner described above (goal 427 -~ plan
429 - instantiate 431 and schedule 433 - send to execute 309 by another agent if

required).

Holiday Booking
30



10 // N={} indicates that there are no nei ghbouring states that satisfy the
scheduling constraints// return A else A = best state in N;%%ggﬁﬁmds t he
el enent of N with the highest score// if (score(A ) <= scor [ score
(X) retur YO er between 0 and 1 according to a predet efel/GEPRKYy
function// return A 20 else return Schedule(A" ) It wll be understood
that the late norning and afternoon wi ndows 613, 25 615 have associ ated
fuzzy ranking tables that correspond to'fhe table of Fi gure 8, but for the

|l ate norning and afternoon respectively. As regards the "around" _
wi ndow617The Hgerzpakemih AGtranising weptiayi |SBARICHT Heforming dnezof, theainkéliggnti n

ti i nd tine,. t ' | which ..
"ol udest Reftb YRS B8 IRRE ks FEndd, ST WRobb ) bl B Hrartiewrry
2003 PCT/ £R99/ra36&5 tinee ki Re dnclirkel nBrist @b shfsudidngrenam@yther @vot dingtdrases

progressively | ower fuzzy rankings. The previously described enbodi nent
const i t ut ¥l 2NSHEINHOBRPIOPTIGHe MAEF &% coftated AR firdeRpdaisdp Shandiary sowkiath a
single gli gy QLT Yad S (RARSOMUIG PEGEdRULAKIARY insfhieoANd PAPOINEePfist NE
diary assistant enables nultiple diary entries to be schedul ed over several
days, andpnaypissl tefarteedntooties danyl ebainstydtioof “hhlakay “ ewhiogh pFhmpgs abal
node may be u ed Eo 'SCA;Ed |, e a set tofn partially schedul ed and unschedul ed

t asks, whi"gh rﬁs{ya Fofe 8bjr%?ye, ®He"?U%%s on the ' To Do' list 10 di scussed
above, or tasks which have been placed on the diary, sone of which may have
been entered at "fixed' times. In the case of selecting tasks to be

schedul ed Thesliary rRssistantpht 1 perds atpessgge oty Gorvifivates 30 neasssentadass ar e

equl TR hBWPRISHERN Gtk I hEBARKS, ddakintiotinelidiBgy. s B PRI e Red! | M8
may be so 1 ndicated by double clTcking on t dirary eﬁtry in the diary.
These ' fi xad'a doard27, =renthei @prowridte pan B9 Shuettiededafrobnchenbian Itbharydizs.y
assi stant perfor i cheduling. . .

Aptyplcal g&m iZSS ?or sucH a scgenano may include a yellow pages search for a travel

agent and finding the web page of the corresponding agents. The scheduling means

307 then specifies a corresponding executable task 433, which may be passed to the

15 execution means 309, and includes an action on the co-ordinator 305 to cause the

appropriate agents to process their respective actions

In this case, the schedule involves the use of the classified directory assistant
203 and the web assistant 201. The execution means 309 thus instructs the
20 assistants 203, 201 to carry out tasks to obtain data relevant to the holiday.
The directory assistant 203 is instructed to obtain data from travel agents
listed in classified directories that offer deals relating to the desired holiday
destination. The web assistant 201 is similarly instructed to surf the web to
find corresponding information on the internet. Thus, the names and telephone
25 numbers, and possibly other information, of travel agents that offer an
appropriate service are obtained.
When the agents 201, 203 have finished searching, they have to notify the user of
the results. The data obtained by the directory and web assistants 203, 201 is
sent to the co-ordinator 305 as new task information 311. This is translated
30 into a goal 427, having a plan 429 associated therewith, which in this case
includes sending a message to the diary to display the results. The execution

means 309 thus sends the data to the diary entry slot in the diary operated by



In this node of operation, scheduling of nmultiple tasks may be perforned
over a plurality of days. Wien these tasks are entered intq 4lygNdioesy, the

user can Ab epsgsed € the nouse to enter early or late in thepawekosdisishe
wi ndow 601 as described above, or alternatively a date range nay be

selected (not shown/. This then provides the fuzzy paranmeters to be used in
the gl obal nobde. Referring to Figure 10i1gthese nay be used to find an
appropriate slot in a day as follows: 25 S10.1 The systemnmay start with a

partial sghedulssistor, baTkayt dlediNg PRPGRENTRLLI atnﬁfez Ehﬁs qhﬁtweab% the
user, and are 'fixed" - this is retrieved, along wth the tasks sel &cted
fromthe afgi@op@atd idary e81Q. 2thEhesasds spresent®t Wiohdevisatdd | datfa theenatdks to

be schedu] ed ,accordin 0 30 . their cponstraints. Thus the st,_constrai ned
Caske.  suUTERESTa bl b rares 1Y MavBRBBE G Budidel 1o aidhae TerSiiipear
first, and the | east constrai ned tasks appear |ast) where a neasure of the
degree of _constraint may be_ the nunber 0 3 JUN 2003 WO 00l 26828

PCT/ GB$9/ HB8o5the oaropdingtysBP difts Bresbukaen ebmanybef sksistgrsdot errangimeka

Moany 2 DREHELERER el bEN 3V o RIY Dl 836 18 IO RVRONR 'RBRE bEARTaRe

Monday t as isS norée c ai'ned than an ear
t he t askscarrginign oat derschicdels arfetaskhedulaed oodenday voinie, tHeOlplanv ngt Svitlhbe

above order. The search applied to schedul e the tasks nay be a stand
R EIRLE O e i AR RS e I Y S BT PRt i S
I ntelligepsexechtVBHRBnARESIQAGI oh FEY Avtitve bfher B1thé s¥Rishst dikenane

assigned tineslots in order, and in the event of not reaching a solution,
the sedt chidsseld.racks to an earlier point and tries an alternative
timeslot. 10 The followi ng code fragnments describe the specific

i npl enentation of the depthfirst method used in step S10. 3:

Schedul e( TaskesrdhatdM 1hoe alxireritisPexidting agdntTsystdrhs /tb idaililie itérepeatl@ spbbiit
there are no free tineslots in the allocation that satisfy the user
pref er enc@o§§h9%|lpwgtle%5@@%i spegifically includes apparatus for scheduling and co-

ordinating the presentation of information from system agents to the user. The
15 apparatus may include a system that both maintains a temporal world model of the
system tasks and schedules interruptions to the user, or it may include a system for
maintaining a temporal record of system tasks separate from, but interactive with, a
system that schedules interactions with the user. In both embodiments described
above, the apparatus is capable of rescheduling actions in responses to changes in

20 the system tasks.

Diary Assistant

Apparatus for allocating time to an event may generally be a software agent
25 known as a diary assistant. The diary assistant 211 uses fuzzy reasoning and
scheduling techniques to assist the user in managing a diary so that the user

does not have to specifically select a particular diary slot.

There are a number of embodiments of the diary assistant, the first of which
30 enables a single diary entry to be scheduled over a single day, and may be
referred to as a local mode of diary entry. When the user invokes the diary,
a diary screen is displayed on the display 103, as shown in Figure 7. This

may be achieved either by typing an appropriate command at the command



return A, %uccess 20 elset = first(T); T = rest(T) p = user preference
for t; 5 =free timeslots in A satisfying p; if (5 = {}) 25re rn I'1; %
backtrack // If 5 returns with no free tineslots fo sati sf t ask
t, which MAW&68383sk t) is determined by the order generat é’ETéqB%gfoéf)“SlO 2,
the procedure returns ("backtracks") to try another set of conditions that
W II satisfy the preferences of this t ék// 30 el se WO 00/ 26828 25 repent
s =first(5); 5 =rest(5); A = Schedul'e(T, A union {<t: s>}) until (A !=
nuII) or (5 ={}) 5return A 0 3 JUN 2003 PCT/ G B99/ 03605 // This takes
each of tpﬁemtpésqtsbv PAVAEPY RhETREY (RN GHaRiY RdLhEke ssegemy Ok epyhiptn. 2

above) an(gJ0 Fgﬁ shem anﬁst%ht Rotivire ddited timMe cannot be found that

satisfies t e preferences of the tusk in question) the procedure wll
return a pointer to the task and wll "backtrack" in order to find a tine

t hat | tisf 0 th f Wh he tasks, h
scﬁedm e@e?agl'f?r ﬁ%é t&‘%r rgrey/n%cer_sﬁﬁg ‘agglﬁ’af er?&}i' ; \gaF %s?ﬁ'&“?’\égt greyt]owards

sati sfyi Rgorl bt eretreﬁe@,ceaal‘@nacmrmwwm e FiQ@et @Skse LR Sheshedes and
the assistant tries to allocate timeslots that best match the pr ef er ences.

A third e@bgdvmgll%pfﬂhedeﬁrare}nta\ssﬁsﬂaﬁetlvg Homded pedB QP tvrhery tht@nrsyr
Tonedul | Miedi@oks RiShafaRidhy WBEy A dhe"GHE, (1080 ©

" Roughl 'y sc e neans lary i s no F equi reg%[ 0 aYI State a
specific etriterfeot Gmt haeemulty-mddd insenfasd ex@b reegurtryedrstrtg assessyddwed or

avai | abi lsietlglctg]::i f?clnjrlntﬁtte)al l?stt;grrg‘\au&)e%r 59‘384f1°he pre elrr%td ddration of the event to
10 be scheduled is entered at window 603, which duration may be entered as a
fuzzy entry. For example, when the event is a meeting, and if the user types

“around 1 hour” into entry box 603, the diary assistant can_ apply a

corresponding fuzzy function when scheduling the meeting into the diary.

Examples of typical fuzzy functions that may be applied for an input of

15 “around 1 hour” may include:

e a triangular function that peaks with a value of 1 tor durations of 1 hour,
and tails either side to a value of 0.3 for durations of 30 minutes and 1
hour 30 minutes {where "“around 1 hour” means “Meeting to take
anything between 30 minutes and 1 hour 30 minutes”);

20 e a trapezoidal function that has a value of O for all durations iess than 1
hour; a value of 1 for durations between 1 hour and 1 hour 15 minutes;
then tails off to a value of 0.3 at 1 hour 30 minutes (where “around 1
hour” means “Meeting to take at least one hour, preferably not longer”).

The user may set a desired fuzzy function, depending on the type of

25 meeting.

The user is also prompted to indicate in window 607 whether the event
described in window 805 is interruptible or not i.e. whether the user does
not want to be disturbed during the duration of the diary entry, e.g. during
30 an important meeting. These parameters defining the diary entry may be

described as constraints of the entry.



whi chever task corresponds to the entry. As an exanple of an entry that may.
utilise this enbodinent, a user may enter "conplete an 18 h Jukshoopy the

end of thig into the di ary on a Mnday norning. Al tkereasdeebshes
to know is %gﬁgéﬁ her within the constraints of the fixed %k?%gy entries

entered using the fi rst and second enbodi nents descri bed above, there are
sufficient tinme periods (in-this exarrpdﬁthe time period is 18 hours)
avai lable for this task to be corrpl ete Preferably the diary will inform

t he user th er, of a abI e i O uces iar WI [
mai ntai n gsm?ﬂg%l&un%) ! noaest n%ar\‘/\/r? clﬁs djickfn ave d[rﬁge %’[ ‘SF%g %//f
schedul edthesgiatypgntry .\Aﬂvﬂmo%%z)a 26 0 3 JUN 2003 PCT/ G B99/ 03605 In this

enbodi ment, the diary screen displays tinme as contiguous diary slots that
are comrensurate with the scale of tinme period for which the event is to be

hi f "
oughly SARRAULAL! oS i [mBbBSkntL UGBS, |60 2 CAIRLS §nbB.2 stReky the

diary may di splay weeks within a non while i'f "a
conpl ebeddisplaye8, delowinbetitd arsgr neivhati spl chooday snai dhian namiesek of Nfatzyshown) .
Referring,t t he . user Ft erface acconpan mg this diar entry

Fi 1.1
is a nmodi § fo'&l't'i‘?gg;ﬁ%dnﬂ’tﬁ gfeﬁétt”?ﬁo% f REGUNS B. 1rHEPOLEF FEYt JEVecPr one of

several sHGRyUSSitiBhedfpiers, .t On aRiLexdMBId ale) uyhes &, %EQ&tGQ%eﬁBQQQS to
an 10 approxi mate duration of the task to be conpleted (order of hours,

days, weeks cépes§ egriygorenind SAdwdat® @ioapindeftl By aéterreenn c@‘rEethdlthg to a
ask that b ext it alhd & LAKERYEs pdBiay A LRYS Lo aPLioas, ayai | abl e

in V\AndOW ow a user to select rom er|0 ays I n a

week. 105 deneretigrarbedd whe lentefe@rwmnee to the first errbodl ment) the entry
screen has a set of fields 1101 to 1115 which the user selects, In a first
field 1101, the user may enter a preferred tinme to performthe task, either

sel ecti ngyf k¥ SIRNEH 6‘? PRI (B8 Tl AN ISt Fn%r%ﬁg"tl 403,

"m ddl e of week" 11 “end of week" 1107, or explicitly enteri
pr ef er r ed6ttilnkastbeenheeiédtiegt arfd ghat 1he1®010612®0dﬂ|s&>®@m|\mﬁort WecdwefsdeVds 11

13,1111, th f d.d d deadl h
as’ "by {hESGHBEE OHFEteck: DG TN T BrTa WU d b bilias B0 795 PR Cocond

fieldik lidgyRhdRnf sHawnas Higliret Be Fdrf Gle e4PEhdFBIMg sdiBcBoh OtKd Ridri el d
1115, the user may enter a description of the task, such as neeting, adm n)

| unch et c 259IStaMREASEUAISE Hed SHBE SIaiE TE@NeRO00AM; tht B I eesWithiparPRIaNdi t hi n
the syst e@aghacrfytl’?ém is given a fuzzy ranking between 0 and 1. The time slot of

8.30 am is preferred and is given fuzzy ranking = 1. The time slot of 8.00
am is next preferred and given a ranking of 0.75. This is followed in
20 preference by the 9.00 am time slot which is given a ranking of 0.5 and the

time slot of 9.30 am is least preferred, with a ranking of 0.25.

it will be understood that the fuzzy rankings shown in Figure 8 are only one
example of different values that can be used. Generally the values may be
25 defined by a function which has a peak at the most desirable time and tails
which decrease on either side, towards zero. For example a triangular
function could be used, with a peak at the most preferred time and straight
line slopes to zero on either side, with a total timewidth of two hours.
Alternatively a trapezoidal function, or functions having a mixture of a flat

30 portion, a slope and a peak could be used to define the fuzzy rankings.



applies a fuzzy logic function, which may be simlar to that described with
reference to Figure 8, thereto, the maxi numof which coinci ggsjyn 3t hi s

selectio cribed with reference to the first enbodi rliy
the ti nergé%glé&?gds in this enbodi nent may vary from 30 mgﬁ?esg%@o@§

exanple "I nmust send an email to A by Friday, duration of witing email is
approximately 30 mins"), to WO 00/26§ 8 27 0 3 JUN 2003 PCT/ GB99/ 03605
the 18 hour task described above, or |dnger still, as dictated by the
duration_box,1 1 13, The user al ?qeint.er a description of the task into
a fourt hCEM@MY MY S{2's MRysalf ¢ pQPaﬁ‘% VIR PTGV IS, dieey EitEet ¢NE gare 12,
the "roughe s6d19daddidtant REOELUY 1eh o ORP Th88S pidierrbal dr OGS EERSdiy t512- 1
User enters fuzzy definitions in the first and second fields 1101 and 1113)
t oget her thé fezzy deiidsneThisneill now khdesctibed withl teferandeata Bigkrel®scri pti on
into the fourth field 1 1 15; $S12.2 Diary assistant 211 assesses the
availability of potential time periods 10 that would satisfy the task

requi reementsg fhitThemaysisturtude 1Stavievagtied tirie sleadllWRRin ithe shesedenred in
the diary entry screen) and working backwards therefrom scheduling all of
the tasks tRRageded byothe Gibla peownoNdgoure §t lamdl!dreeupdsiegooth thateomas
descri bed i t.h t ' i ts. This
Tyt hen bet o RS By e acs s reny optTalie] H0RELETRAY SFeS;

exanpl e, «byS8uhithagssiseamtu? at idensdex tHeheedertiahliowadads di peryodsnivithiasthien t he
pot enti al tirre%rggdtiods, subtractigg t he,_ sunmation from ¢ he potenh_il al time
periods to YNNIV EGLLIEBATS LA dTREHHRT iRy Y HEY raééoﬁiﬁ‘? da et H&2He
durati®n of rdikehddi af ¥ifntry. TRIsCR hohiel 08 1 1ragkIPinsctaNg tHel AdW! @sitours,
this method may result in the task being split over non-continuous tine

sl ots 20 ininthea dgirgey ddanrdiegandltde 2rdasups Aretasense Mhioddy ,inbkigutedéd,2 hours

are 2 x 1 hour ,sl el r side o i iLch i,s.fixed):, S12,.3 As
new entri eswar‘ceh e’ﬁ%‘ir@&@gc&"a’i‘ﬁ% {33§§ Eﬁ#%d&gts‘\é’gﬁgu@gcgﬁa g‘?%odd?rﬁ‘en{fs, t he
assessment ghitdile. AnmysIbe repeatsithble, ohdermee!¢omvionual | d6iaa s StHehe

nunber of potential tinme periods available to the user; 25 S12.4 If the
number of ad%dilapht &M SIS tacFErHBR i 1Od s AI9eE HePGiFENEE sShPY M@ enunber ,

the user mayg bg 'wy‘vgplnﬁ 37 halMotPY¥rd nS el j 1) , for
t he aﬁgve egarrploe of ro%ghl‘?rers?‘ghtggul I ?12:1 arn T% ﬁggﬁal?gé\lgﬁé%ﬁig%ﬁawa qgo been

ent ered i nt makiae wleap$ aasitedagiver improvigsrandedyoritteadhi ereleofto" tpyigvethend of
this previously entered diary items and their fuzzy rankings in order to
determine whether they can be shunted, without changing their order so
as to open a sufficient span of time slots to allow the new diary entry to

20 be inserted. A suitable iterative improvement algorithm is described in
“Artificial Intelligence - A Modern Approach” by S. Russell and P. Norvig,
Prentice Hall, USA pp 111 - 113. The fact that both the duration and
start times of the events are described by fuzzy functions provides
considerable flexibility in scheduling diary entries.

25 e S9.3 The result of running the algorithm is reviewed. If successful, the
new diary entry is entered into appropriate time slots at step S9.4 and
the previous diary entries are, if necessary, shunted, without changing
their order to accommodate the new diary entry. Alternatively, if the
outcome of running the algorithm at step $9.2 is unsuccessful, the diary

30 entry is not made and is instead entered on a “To Do” list at step S9.5 of

Figure 9.



week", duration 18 hours, there may be several tines avail able which neet
these requirenments. However, by Wednesday of that week, wi tghg @UNo208hti al

i nfl ux of wo ¢y28szsUN zoo3 WO 001 26828 PCT/ GB99103605 28 new peiaedslogghst asks
.according to the first and second enbodi nents, there nay be very few tines -
avai l abl e. The diary assistant 211 nmay be operable to automatically reduce
the time 5 allocated to one of these raoyghly schedul ed tasks at various
stages of conpletion thereof. The user may highlight the task in question
on the roy@solRvAlQ cbist i.b ve. J r.1o. indi e that he has
started wor kf%léagﬁ%t ﬁg étfés .gqfﬁc'i ggs‘rr'gr&%cgwuésgptghg%diné\%?"}e&tgﬁé?t°faﬁ§ stem

cl ock agadtearative limprovermenOmeehddeessdbedas stemisohed wor ki ng on the task,
and he communi cates this to the diary via the 10 "To-do" list, the clock
stops. Depending on how nuch time that the user has spent on that task, the
di ary assdHealle(AMEatign@Qnpute the availability of potential time periods
that would satisfy the task requirenent, (where the task requirenent has
been nbdifi{ed according to the tine calculated by the systen). 15 The three
enbodi nents descri bed above denonstrate the flexibility of the diary

assi stant to McEdsighhestiag solutinpetars9éedul i ng requirenents. In practice

human bei ngs,pften categqrise tasks accordi.ng to wheth they are required
to be donzpa[\Pa'ssﬁec?efTi g’(%t i@@cﬁfb‘lﬂ?i Jipanopyrp t?\ms(”%‘i‘ﬁil‘aggcm n@) ,5'"6{2 whet her

t hey sho ertain time, for exanple to fit within project
par amet ef'ls,"?“%?r@?ﬂg?b%ﬁg)égom e's schedul es. Thus the conbination of the

first, second a;qqq,\]t-_h{}gd enbodi nents all ow these different scheduling
constraints over a range of tinme scales without the specific need to | ook
for atpart/ dNd(prindiaasest tHaRrtesd aire Mhaeidrboariagbodiree that ass tHeat the
tasks to be schedul ed are i ndependent 25 of each other. In practice,
however, ssedpling canskrsintey/ be inter-related - for exanple a presentation
schedul ed as a Monday task at 4 pmmay include diary entries for preparing
for the prEd¥&hfation along with witing a paper to be distributed at the
pr esent atilon. The tasks would, in the enbodi nents descri bed above, be

ent er ed aess%eparate diary entries, and if, for exanple, the date and/or 30
time of the presemt__agé&rgfﬁpé’;\&qg.d) the entries corresponding to preparation
of the paper and preséntation naterial would require noving manually if the

original yni ed thAelbmehBf N6 wifh R MpRERs¥6ek//
if (score(A') <= score(A))
// score (X) returns a number between O and 1 according to a predetermined
fuzzy function//
return A
20 else
return Schedule(A')

It will be understood that the late morning and afternoon windows 613,
25 615 have associated fuzzy ranking tables that correspond to the table of

Figure 8, but for the late morning and afternoon respectively.

As regards the “around” window 617, a fuzzy ranking table is provided
which defines fuzzy rankings in a time window around the entered time.

30 Thus, the time slot which includes the entered time has the highest fuzzy



WO 001 26828 29 0 3 JUN 2003 PCT/ G B99/ 03605 A fourth enbodi nent of the
diary assistant allows the user to specify constraints betMﬁ%pJ @%ﬁﬁ1 whi ch
may be refer%%g to as inter-task constraints, at the tinme g g;bag t he
tasks int§% ﬁ@ary. This is effected by neans of a task 5F§ ’34 , D
shown in Figure 13 of the acconpanying draw ngs. A task plan 1300 may

i nclude task elenents, or tasks, that géf directly related to one another,
such as, with reference to the above eXanple of a presentation, preparing
for the presentation and witing a paper 1303, 1305. A task plan nmay al so

i ncl ude tr88KINGI R nmet plats dfusthest away eieny thisl heee, progeessice!¥t toaveli ng a
neeting qngzng mﬁﬁkfi 10 paper, where the user wishes to explicitly relate
the tasks together I n sone way, e.g. tenporally (not shown). In the
presentation exanple, such inter-task constraints may include the nunber of

days between preparing for the presentation and witing the paper relative
to the pr eﬂ%éﬁol%ah ﬁ%ﬁé‘%ﬁ? seé?t?éjg"?ﬁ'étsgo?ﬁ{tgtre-st %é?(ca(]:cfﬁ%‘%r SPHPEr A
acconmpanitae dirytdseRtgt i Wenies ssip€ididrg dnbryaGhadd oh askardieser idagd aabove
for the first, second and third enbodi nents, such as task duration. The

rel at i onsi§cpBd sE1RRsiERentagk shereljary casgistanietnabldsnguttinia diery| emrieslite dre 1304,
whi ch may, i I 1 i f S sh i j gure
13, 20" Enshee e A0 sp R ORATL R Rl e AREIAHES 5 HOBh WS dag) 71 505,
and the resltat iThiesdiopel beddeenytmsksdmysdeddefd sedofyartizinkschkdQiedadard! or
arrows 1309 Eggiggetmeen. Arrows 1309 may be used to define a tenporal

pr ecedencdSEPERfeh dEfen IS a8 TofsR¥EMpIRi (B8 tPskeson e nty Be ligkd to

speci iy cABSIssad RbevdesGRRKs LATKS NUPE bBen DIkl & tHef f%lon{ee1>f3‘Wh%}§Ei P

exi sts. The links 1307 may 25 store information describBing Inter-tas
rel at i onghepavhdieearentamd pr &iedénimes| do ge cHsesd smbgctingctaskle toopest rai nt s

7 ecol vea TneRUER SRER shd TosBai R e BB AT e85 oskh ab PO PR &l 1 o

to those weseridnedulabowmile tdiks eher ancefikal’ Rwgur garBcvbefinidenali aeyso
assistant, 211 processes the task plan. A link 1307 could therefore be 30
used for iNdiERED Rydophls gickiignan itRe SRryorder in e digry.nThese ‘dxededi@vanpl e of
a present at.i: Y aRC i r ri f tse

a1 hodgn Se6%5 500w VB S0t e bttt 0 FbE B HE ST AL Fove o
happen be$dwregdulifge presentation itself, they can happen in parallel. i In
the present enbodi nent, where tasks are inter-linked, typically one of the
5 tasks acts as an anchor for the other tasks. Referring to the above

exanpl e t@stss fHode dir e, is@RedUlinGS¥ inDBipR 18RO Haydhtd periePadd Bdert e
presentation itself, the presentation acts as an anchor for the other
t asks. Thelraligy tof dayseMéhe thesertaplpearesentesd Wieibe diaiyk thra usw1caR first

e A6, bR ke Pt Ml pAAVEE OB RBRTT IR 0 525k
described above, or altern-atively a date range may be selected {not shownj).
This then provides the fuzzy parameters to be used in the global mode.
Referring to Figure 10, these may be used to find an appropriate slot in a day as
follows:

25
¢ S10.1 The system may start with a partial schedule for tasks that have been
entered into the diary by the user, and are ‘fixed’ - this is retrieved, along
with the tasks selected from the ‘TO-DO’ list;
e S10.2 The assistant 211 orders all of the tasks to be scheduled according to
30 their constraints. Thus the most constrained tasks, such as those that are

limited to a specific start time, appear first, and the least constrained tasks

appear last, where a measure of the degree of constraint may be the number



10 1304, this task T1 may appear red, and all other tasks nmay appear green,.
t hus distinguishing the main task fromother tasks. The pre ead j

uni di rect 'I Q_HRI s synbolically indicated by the arrows 13 % %Hg?ﬁ?éans
that if a taskmﬁzg formng a task el ement of a specific tas gfcan ?3 ich
i ncl udes, say, 5 tasks T1) T2, T3, T4, T5, listed in order of dependency

constraint) is noved to a di-fferent 1544 ne, only T4 and T5 wll be
re-schedul ed by the diary as a result o6f the nove. In this exanple, task T

1 is the anchor t.ask), and as it Js higher the inter-ta hi erarchy t han
Ta St s urbPPeuRBdnd Thab Sruliebs ARSI GHIR YK cONS! capirterRasE B ) ven by
t he shorteSMmfaE rh&nirgeraBRisTmbASKortr et MRt RGBS 1A WMich 10FBEIEr with

the links, and the order in which tasks are constrained follows a 20
direct ed a- €postraings Hgn. anmesslysweslytas&. added to a plan via menu option 131

1, which enahl [0 Speci task description, either explicitly
in 1317 or %5023;0;“2?#%???"&%’% ”bi%iéﬂ Ty 8t ,e§“f8 (I, B, OB ol %15, and
any adgiti onad abenpordal. Trensdaréi BpSliediarot scHekale th2 thekd MAyHRSK stahdgkest i on

via di al ogue box 1323. Once added to the plan, the tasks nay be edited)
moved or del SERIA-TEFt MEth BockIARSING” cTEtIdhSUSA ahés iescriiedgine$ATdHSiakr aggi ng
the box aro cre S i op+s+H at i The
ks 1307 nd SeRhe” FE000R° BRPRdct? MR 15 25 TRl Bkt ne t ask
pl an. 30 Terp¢ assignek kimeklans imaydebeand datke efort speci faachirgsk soattiegor i es,
such as neetjngs resent ations, sem nars ere the core task elenments
char act er i sith% ear b88|ﬁt6§:g‘§ tgfndaag'ej@Q'%O%?%&ﬁ'ﬁ@@@f%%’@ﬁ? O%t ask are
standapd. Thus a user can create a 'New 'Meeting' task plan, whereupon the
plan editor will invoke the elenents defined in the tenplate. The user may
t hen edi t TAhdolleydng G0t e dwgmenentetcsibedhprapgtite implanerdaiiaed praderty-
required.g i eted, it is submtted to the diary

assi st antf'%iwg?@gg cg@u’éft??lgq%'o the user's diary. Wiilst editing, clearly
the plan may be saved and cl osed without submitting it for scheduling. The
schedul i ng procedure conprises the follow ng steps snot shown in a Figure):
10 S13. 1g?'h"e£"§%(3'F§lfsaﬁftT'2ﬁ| CBT'%AS all of the tasks el enents, or tasks)
accor iF”lg t.o their dependenci es. Thus the nbst constrained tasks, such as

t ask ) argpear first, and the | east constrai ned tasks appear |ast, where a
measure of the fe fee of constraint may be the nunber of possible periods
that could be 15 assigned to a task (determ ned by the fuzzy precedence on
l'i nks 1307) T:=QumntitatesMtHdt thBfe afd RS TFES Kintdsties ik dRE QNEAIRM 1t tsadishy r ows
1309); S 13.2 Once the tasks are in order, they are schedul ed one by one,
f ol | owi ngthdesatmpreéerendeschéBubngemsttiagsgli ed to schedul e the tasks nmay be
a standard "depth-first_ w th backtracking” nmethod, described in step Sl10.3,
in which 20 taskefuan é. assHefessl tinmesl ots or time periods in order, such
that in the event of not reaching a solution) the search backtracks to an
earlie%opoi nt % tries an alternative tineslot or time period. This

enbodi nent is thus_simAar—t .gl obal node described in the second 25
enbodi ment, and ig'gérrg]édcﬁ'eﬁ"ggé\’gns optimally satisfying all precedents
acconpanyi ng the §askeehRiFerirzelfgr P€ scheduled. 1f, after scheduling the
task plan, one of the task elenents is independently edited within the
diary, the diary gssfrekamieshl$ invAldatiafyiagpt to satisfy the inter30 task
plan criteria as well as any new conditions introduced by the change. I|f
the two conditionif @={)nconpatible, the user may be infornmed and pronpted
to review either the task plan or the nost recent change. |f a higher
priori2§y status WO r@derressls 3% bgckireck) N 2003 PCT/ GB99/ 03605

// If S returns with no free timeslots fo satisfy the first task t, which (first
task t) is determined by the order generated at step 510.2, the procedure
returns ("backfracks”) to try another set of conditions that will satisfy the
preferences of this task//

30 else



has been attributed to the overall task plan, the diary assistant 211 may
ignore the independent change and retain the original scheduleal) an m ng
the user of its decision. Cearly this feature is conmon tog ER i ments
of the di ¥R Estant. 5 Thus for the first exanple gi venPAIfE%He date
of a presentation 1301 changes, task elenments of preparing for the task and
writing the paper 1303, 1305 wll be rﬁ-schedul ed as a result of the single
action of noving task 1301 correspondi 8 to the date of the presentation
itself. In other words, the task el enent 10 precedence specified by the
arrows 1309 enabl es rarestiol e task plan to be re schedul ed by noving the
anchor task only. Each task, or task e enment, conprising a task plan nmay be
the responsibility of, ®F MsHRdSEeSToNe user) but the user may vary

bet ween task el enents. The Se o dnitiated the anchor task 1301 may
own the task plan itsel g 'u‘lcgfg“'ﬁéTvW&'geé‘t&s%}fo edit a task plan may be

specified by the o T8 O] plkan (not shown), and the user

‘responsi ble for thwg‘égél @ﬁ%}n‘?ﬁ n@ be specified in a field (not shown)
in thesdi al ogue box rkPa3d.A'VWen each of the users has a diary assistant to
manage their schedules, the diary assistant associated wth the user 20

t hat owng/tTies taleds quichrfvihkltaslenih ardees@dgee tloe eeddr lads Hidea set hwrstepspecti ve
users once the task plan has been conpleted. For each user, this nmessage
may i ncl al8.2abene) sndischedulesatheres oaensiitsiimeolha imefconmidbdfountdethager

t oget her Wltg‘ thﬁ te oral%é)rgfﬁrences speci.fied in the "Add/ Edit Task"

di al og bSeTiEE8s Thepreferenees Py dhaitasl 1auestion Thei proceduss wiflt refgen eo

hedul | i d i i.h hods, d i bed i
o ovr ous Paeh 38 ShESBIERIE il TheRrRERONEBNGE ' fif NG IThACRTL SRV ep |
the ovperingf phdferdmask Wik @R%OMd BEsIS Rhved bk S chbs, o4 W?ﬁﬁ%@?ﬁ and

this user may al so be responsible for drafting the report a ng the
pr esent atrded@rngg/eri al . However) booking a 30 room and ordering refreshnments
may be the responsibility of the owner's secretary. Thus once the owner has
submitted tthe task plan to its diary assistant for scheduling, and the
owner's diary assistant has ordered the tasks according WO 001 26828 33 0
3 JUN 2003 PCT/ G B99/ 03605 to the dependencies within the task plan (S13.1
above), tHg OYRBL| Spidkar %s a%ﬁ&ét%pgce@d' !@@d? s 3 SIRS9RAC 4P E&%éﬁﬁé@t ary’s
diary assistant. This nmessage will specity the task elFenment to be

per f orlgedadepniplasyisgctret taskst tgdiehechaduldd tahd thenpesistant anel ttboalkcaesul ti ng
fromthe orderi n‘% gé %13. 1 tSndrtfhe secretary's 5 diary assistant w |
accor di nglyCERAF 8°% TR PoP T HENS P ask el ement(s). In order to pass

i nformati on between diary assistants as descri bed above, the assistants
comuni cate Wi th each other using the Zeus Open Messaging Architecture.

Det ai | s of* thisd embodinereafuhe dinty aseistastnt correrpeUmithArodhvuaerauiodt ool - ki t

o e S af i GERR) SRR (1S 8 ona AR BB Bhge L1
and mid i magesthatebécrp pynotlr@gBire B 7 aB&kte a specific time to the entry, but is
instead required to assess the availability of suitable time periods for completing
whichever task corresponds to the entry. As an example of an entry that may
utilise this embodiment, a user may enter “complete an 18 hour task by the end
of this week” into the diary on a Monday morning. All the user wishes to know is
25 whether, within the constraints of the fixed diary entries entered using the first
and second embodiments described above, there are sufficient time-periods (i.n
this example the time period is 18 hours) available for this task to be completed.
Preferably the diary will inform the user as the number of available periods

reduces, and the diary will maintain a “To-do” list detailing which tasks have the

30 “roughly scheduied” status.



It is understood that inplenentation features such as nmenu options, .
gi al ogue 15 boxes, Srrﬁws, I i nks andI task boxes ar Fdi Bessegﬁflmﬁ)z@ge ]

iary assj and that any equival ent nmeans cou e us se the
above errb(b)@@o%r? 25? of the invention. A fifth enbodi nent of the"?j‘?%f"? ds .
assistant applies the fuzzy and scheduling 20 techni ques disclosed in the
first and second enbodinents to enabl e jgeetings to be schedul ed between a
host and partici pants of the neeting. Igoth t he host and the participants

have di ar sistanpts to manage their diaries, shown in Figure 14) and

e aedt tBE S RE Rl mhe PaVarg SRa ISk iane TROTY SOTREUPIA Cal ot 1 he

meet i ng. th%t Skd BEMATPIUGES withUpR R81eMCHiRAs Qklio@4b] RAKNGRLENEAT is Bl hePW a

host 25 to request a neeti nig, but the host is required to specify an exact
a

time, andougily pgheduephahius ¥ a taghireedrasotarbdgampjetetidole hiesk othehdiarydi ar y

before c I, 1y eclhni L. iJre. The schedul ing system
descri begﬂ%\ﬁ dwﬁnima\&[E %ﬁ%@é"’&”‘ngg?é’ﬂg' %ﬁgaﬁ?.t%@ SPSTEM'? %gtccﬁ?ri"ﬁ%gé User

pr ef er enaay, thddignesagtdisplay dapsonahious wagknihst showay), 308-316 presents a
systemthat includes a set of 30 distributed agents which are designed to
schedul e neetings. The systemis designed to be adaptive to environnental
demands We#ﬁ:ﬁrtqo'F@cu% engG ehe M‘é@riﬁtér{fb%epéé‘cfo%ﬁ?'@ﬁ? RiGS iyt en@}sraérh@e of
paranmeters includi ng accommdati on, WO 00/ 2682 4 0 3 ,suN 2003 PCT/ G
B99/ 03603mpditied rwgrdiemgf Khatpshawriphiguse 6f Tihheuseratayngelett ond of tseiverasyst em
the prefere c%séeprietesp%cgf'oed i.n rt%leati gn tg a threshol d val ae, where the

t hr eshol d¥'%dr &°8hi '§ué eXtheUERr oW o WP AL FPELPRNER TR Hbove the
t hr eshol dapgrétithaits daratiesi ¢fi the faek b e ¥hapRas (drdbhBf USEFs, RO (veBRs a val ue
below a threshold, this is a negative 5 return. For exanple, in the case of
sel ecti ngeta ) ddi@ e ot 1 Shewest Pngiarvt BBUYsEA ePmEOsesPening Hpes gkl thet 6s 4, and
return 0. &g 8Ed 3o NBRERY, 8904s! 8 tnfds FRe A¥ionk WAL 19 vAnadlg 1 {@f Monday
and a 'yes' for Friday. Messages) I ncl uJ| ng suggesti ons of Free 1t| ne slots,
ar e passedldvepwsentagmedtsirasipegodsrafl byvesiaiddaykhaen paveeici pant' s schedul i ng
system exam nes the preferences set by the users in the 10 nmanner descri bed
above in order to return attendance possibilities. By contrast) the diary

assi stgnt AgwRieesrintRewsh r%merﬁdezzowrteeﬁmieﬁ%‘airﬁ@mciﬁl@@nth&ir%nt hes disaty

assistants to handl e requests for neeting times so as to allow the host to
of fer a sef fieldsoF1Qeite ddd Swivhiinthehises sefrstiredni hifirsshicele d 1Y, 1theseseedul ed.

e rer FhucklF Y BT PRSI Bt Rl bR, o
typi cal tpossildeakestibiasudrays bearlisiedweelc! udeseamiddlid bf tWweknwaalks, speei fic
day early o K Bt O L ARy S RS b O b M PG Ok 1101,
20 In second and third fields 1113,1111, the user may also enter a preferred
duration and deadiines such as “by the end of this week”. The preferred duration
entered in the second field 1113 may be fuzzy as for the first embodiment. In a
fourth field 1115, the user may enter a description of the task, such as meeting,
admin, lunch etc.
25
The diary decodes the selection into dates or periods within the system diary and
applies a fuzzy logic function, which may be similar to that described with
reference to Figure 8, thereto, the maximum of which coincides with this
selection (as described with reference to the first embodiment). Clearly the time

30 periods in this embodiment may vary from 30 minutes (for example “l must send

an email to A by Friday, duration of writing email is approximately 30 mins”), to



20 The procedure whereby the assistants interact in an attenpt to find a
mutual |y convenient tinme for the neeting is called 'negotizﬁt'o . d the
replies f participant's diary assistants are called %ﬂgmﬁ% us the
bjds are \é@rsﬁgézgiza by the host diary assistant, which negot |Pa }es 21/06“91’8 t hat
satisfies the bids. The bids are a function of the free slots in a
participant's diary, together with the rticipant's 25 preference.
Referring to Figure 14, the forner nay be extracted by the participant's

the 1 att aneiUbredt et el diRAF, BElceR Shl s dSRER B o AlratBlinedl co”

user to sped.fTheauded 2y FIE@brlepACEsRFiEfdN 6f thENRsK iH6tal RABthUREd 1 a5deri ve
free timeslots may be simlar to those described above in relation to the
“first and ™G ¥eCORMLIERDAMIMBENS referanse tec IFigyrhgl Zanther rqughvecheggliogenent

al gorith . 03 PCT/ G B99/ 03605 As di scussed with
referenc?r?%ec}p%?gglgn ﬁ%%s?g%éfgﬁo%&%gﬁgdi ary assistants in the fourth
"enbodi Bent, the diary assistants comunicate with each other using the Zeus

Open Messaging Architecture. 5 The fol|low ng steps, with reference to
Fi gur es 1’5a561%d1 i'%ﬁ,’ BLR'P i THE ﬁ%#"g'ﬁ)%‘?%lﬂ \fqﬂff gff’éraé‘ldi vironddields) 14Rd #Rbt diary

assi stant 14Q% 3meygetErenf® @ Hbidine’ oMM ifb RQEPtAA | PP DynSendbog a
request to the participant's diary assistants 1403, which request specifies
a period ind?h@”ﬁﬁl@@ldnf%?hehf@udhrf@lgﬁé1ﬁ‘eeti ng, such as 10 "early in week";

S 15. 2 Each f articipant.s diar Sj at.s 1403 consults i.t

respecti ve i azr'%/rtﬁ?] of ¢ ésﬁa'&ogﬁaktarsg%%%ltﬁ gfvgﬂti%emt?’rotjaf %%?'ﬁ‘éaqél”a% gef'ﬁa? he
par ti aiopant ‘teatdiwaiiyd ts@asfyf eid tavkt Paquiremant.yThie g ineleke , stafiigr eguest s
preferences within the early week tine period. The preference nay be

speci fi ed byepfAinepiirte cisplaved 48 the18iapuKBEY o¥fretn. dalyfs Warking nbadkavaids i od: as

a fuzzy fungpp ﬂom,zﬁrehﬁe%?r@ﬁgelggf thbqﬁmrmaeia BbtH"BY WEeHRIpJURSHayq t he

nost, then Monday, ay. This may then be translated into a fuzzy

functi on overe tftxed aartinye, wee Regeibed dgbowk evieh tréferdngacabi the firas aad mexbndim at
Tuesday; S15.3 Preferences for, each w thin the earl ek perjod are
then 20 cal &T%%Jéarae%?'gﬂ"%ﬁ?yadae'bfbeef gcﬁkéﬁ‘(:eéi g&ﬂra%!alss%ﬁfa?%é\g‘ﬁec?‘?%wsl ots -
i.e. tiwe parbhitdeBprbr exB@lET BNGRmAING thee dlifagiens | dfetidset sickkRdavairaged,
and these values are sent to the host's diary assistant 1401 as bids for

the neeting;entsas in tpePqteRtal timp apsrioslssissPEACtinU e CYMMAER &86h tBE t hese
| nput s ffom&o'%g%tﬁ)aﬁ"t%%%ﬁ%é %ogqi?éé fizg perdl, %&%@%a@?a@gsﬁéeemhfﬁo find

a day that i's agreeable to artrcl pants. calculate a
wei ght ed- avewapgehoHutdtienkifdbe didny ehtryagleldy alonisenaekl obysaye mgiipledoaesch of

the bids by a. fuz unction specific to the host. Thus, for exanple, the
host nay spetgfsf 9’8?‘?‘{15‘?‘?} ffﬂﬂ&tfrﬁr? {%gtbeﬁ}%s 't RYRT Hﬁ?ﬁcaf‘f”wf)‘?’t‘da@f“i%? as
shown 30 Fi gHrtﬂe]d’raryaﬁQr Bk dthFlEM o€ dnreseRFrid40 bk Qhe th Bo8RT A FBEK _
period, and each of the bids 30 will be nultiplied by such a function. This

t her ef ore bilEsiqtheitheesidagf eonestinchebichds pixedler ences; 0 3 JUN 2003 WO
| o
00! 6828 PCTLE590/03605, 30, 815,8 L, B0Y Slccdle, davs, v phiin e, garly
morni ng period resu tsina Zero value, the nmeeting may not "be sche ul ed on
this day, SoOerhbadiméntd, Meite! assbk@nrent at S12.2 may be repeated in order to
continually assess the number of potential time periods available to the user;
26 e S12.4 If the number of available rough time periods falls below a pre-
determined number, the user may be informed by the diary, by a series of

warnings.

Thus, for the above example of roughly scheduling an 18 hour task, which had
30 been entered into the diary as “later in the week”, deadline of “by the end of this
week”, duration 18 hours, there may be several times available which meet these

requirements. However, by Wednesday of that week, with a potential influx of



may be no days available to schedule the neeting within the early norning
period. In this case the host diary assistant may review itd$ 3iJdNy208ihd 5
backt r ackwigoooidaszscl osest poi nt where there were alternati vegTicB®osssder . )
Utimately, this may require reconmmenci ng the process at S15.1, sending out-
requests for a different period in the week. Alternatively, the host may
have a |list of preferred attendees, and2gf one of the zero bids has been
generated by an attendee of mnor inportance, the neeting nay be schedul ed
i rrespect it SsKar ; Y-y " Sredi i st ant
has returﬂslée‘}g s;ﬁgag@e?ﬁasfkgn%%igfﬁﬁgggotﬂﬁegﬁﬁ e%eﬁ%%gghﬁp%{neggf ttﬁé:r?ép@?\ s) the
host di ar'ye yswifevatimestagpilable.ne second round of negotiations for a time of
day. This may include sending requests for bids for "early norning”, "late
norning", "early afternoon”, etc.; 15 S15.7 The participant's diary

assi st ant shé efiegt abdistadt €PS dasEidbegdeiadleSkh. 2uRbiRally hedudel ARe d@REVi NG a
fuzzy function around ﬁeri ods in a single day. Thus, a participant nmay

pr ef er Sealigpatast 19 e phihespseughbyseRedyfadetaskd At vasieus sinded at eompiekPAg t he
| east. In i e : j i ks, $ | er
than the Sar. TRECHATpon RRhibHE i Sl qusdikd bl Bs B TR 4 Vi ¢ n
t he parti desmaibed sabfoveentarder &1 iidicatelehatvdd Hns staetedswbddranbndiheecédky, and

515, 3, TherBe ket Moo Ry e e B b B rs DaeS e W agai n

apply itshoyinRhed eteRBe JHned taR, bAd hd RARhLALLESs this'® B dlays vidaheS15. 9
Once the host's diary assistant has returned a tine of day that naxim ses

the priéf ef'Eersles lit. Hie clpak tsitenspaPersndingeondptv desty timssthat dhe usearas t he
third r OU”Herﬂf on.eg‘?att' ?ats'koncﬁef g{ar\? 2REE ! Fnaﬁ(' q%—'co%hldﬁa) th(fg %\Ea(ﬁagiﬂ‘;/t of
a or yint e diary

cal cul at ed maxi nmum pref eréence ear e rning,
assi st ant ppentiakbrithet periddsnmiat afodB :s@fisfyOtheOthsk 1@ 0iderhéntt hehprr tHeCtgeant ' s

diary assistants. 30 Alternatively, the host dairy assistant may send the
prevail i n@eqq'fﬁe*epégambﬁ?@ M f%c%éﬂss putag FiBiscalguiated by g syptem:
participant's diary assistants, leaving the same to bid for tines within

that time of day. It is inplicit that each 0 3 JUN 2~3 WD 00l 26828
PCT/ GBB®)/ 0860 reg7embefisteans dekerdws' abgvat déroensradefthedlexipiise of ithedial day,

and even if .the is a sli,ght msmat.ch,in interpretation of the,hours that
const 1 tut &5 EBL 8 pRedeTioe® = B ircreokRuli EeChERRMs T Plackee rofEay he
assunmed t baingshfteh vategorr ks iagt&Bingoiewhather ahenakl Rqairé®ed bBGidnem® to
be scheduled; 5 $S15.10 The participant's diary assistants repeat the step
of S15.2, aardsPealif K& Inkvious; #art e B dn@eadiiseldi Aryhetdsr shamshquwd bene tine
of day as a%ﬁéctw Begderh i $ﬂr§e,3f'or example to fit within project parameters, or other
20 people’s schedules. Thus the combination of the first, second and third
embodiments allow these different scheduling constraints over a range of time

scales without the specific need to look for a particular vacant diary slot.

The above embodiments assume that the tasks to be scheduled are independent
25 of each other. In practice, however, several tasks may be inter-related - for
example a presentation scheduled as a Monday task at 4 pm may include diary
entries for preparing for the presentation along with writing a paper to be
distributed at the presentation. The tasks would, in the embodiments described
above, be entered as separate diary ent.ries, and if, for example, the date and/or
30 time of the presentation changed, the entries corresponding to preparation of the
paper and presentation material would require moving manually if the original

inter-task time is to be preserved.



S 15.1 1 the host's diary assistant finally cal cul ates the average of the
specihfi cfti me bids, pref eLabI y W Lhout apﬁl ying it's ow][] vveb ghmmqugguncti gn
at this fj stage. The tinme having the nmaxi mum prefer urned .
as the ti%ﬂ%&?e neeting. Clearly the situation descri be%&ﬁﬁc%?@$@gnay -
occur after receiving bids for time of day and tine in the day, and in
these circunstances) the procedure outljgned in 15 S15.5 may be fol | owed.
Thus the host's diary assistant 1401 may backtrack to the previous point in
the current | evel of negotiation where there were alternative tines

avai l abl e and then try a different time. The above scenari o describes three
rounds ofa Re@et eabbengant Mtthé Hiarp asisIskahs baWs thatisdrie el Tsnd@myingccuUr

over nore, or |less rounds, depending on the tinme scale of the initial

"negot i at ikghween gaskspphighymay bej retpreedess inieratagp senstraiats. suithetigle of
particip o i I NCRY): . LLy f s..th ffect

t he partiaéglft%éﬂ thtseh[‘p%;‘rSl]:(a [an?ér%hé;?Iaﬂigﬁﬁaéﬁgﬁgé{egwngggﬁ%é% ?et.ag%k ?Laé‘m@ti ng,

"1: 1 neét isngpwrcomfrégueaces eothireh aoeympantying elrawimigsali Itasly pharer 300t enoled
periods qf tinme), and this may be factaored into the 25 fuzzy preference
functi on 'BFHES F%séaea}f)’{/‘ef‘ﬁe Obé?%ﬁcﬁﬁér‘?f & iR raed op é’ﬂenﬁ‘%‘w}é,' FEKR ABm

pr ef er encitAt redareRcd ONEhOf abdOFObkAhpIENSE 4 NResldvitich, dbAIpYriA§Sictt 8 By
test the preference against a predeterm ned threshold, which controls

whet her direpgsttation pRe Wiing @ PheersE3Q%t B305.14 tpskaplendeay alsesntiade ek ef f ect
of forcin ' I8 [ t -1 rac t her, days in the
week/ per |%?1’I§Q§t6m:ﬂr§1{ g Eeegéc)ita?/lﬁcgzsrie%tt%rﬁutgg,ggaggeerﬁg?gné "t(')eget‘a %jaw%)s('?‘ 3gae t he

pr ef enencgeapeal waefeadhk usbeasties he dxplicisihotid)e the nEkketodedhdriinGomet e, t hat
satisfies the threshold criteria. WO 00126878 38 0 3 JUhl 2003

PCTI GB99198605MPRFalvcipeintssoun)t e HisetreRENRHP MSKample 8vElr yINEEYA% ant s
211, and COMUMLE Aagn iGN ERe PALKBE PANt $ay3N B et D€ 05k pSind Ner MRGE T NG MRY
not be effected entirely through Zeus nessagi ng. For exanpl e, -sone

parti ci papresenrasiohand wamtimgythd canss oflatidetd dbk presentastomsddvetits|f. Whesh

mei ntains, its qfvm g&l{endar 2ukunction . ln this situation there may be

provi ded B'YHEPT CPRBTALRONAY PPHCO PRI e ™ P1E ¢ RS Tnnes Tisal §oc

appl i a&t i @ik dReritdicasdeptordns dridedcatnwad (thiré kriteidehemse sténh Bsausies 1 5a
and 15b) may be perforned at the shell level. The shell would therefore
perf orm afU@888¢ three functions - communicating with the third party diary
system processing data received therefrom and communicating with 10 the
host's diary assistant. The latter steps may follow the above procedure,
and commumhe agletondhiisweemvdehetaske hayabe defined upiag tay tagiphlae &diton 138%, be vi a

emai |, for exanple. This al so.apply.,to the fourth enbodi nent en the
Lask el emBHS) MRS HY P SISt PIng T REWG AR 1A% St 5T 25 SRFIoTREBY 11 LPUES Tdhr 11 er ont
users.20l5edfietdbkanyy BETbSleddtitcdBY 2b&O fOE eRBBPBM RS O J0ACAIRYE, AREIAGES from
the co ordinator 305, which nessages typically include requests to supply

i nf or mat i GHatienshivebeiveren fsks dnan Pe dafingt ot linky 18R4nenon REOWsNE3Pdt s in
the user %hgb@étﬁeeﬁﬂﬂrr\%\;sl 1%%{‘%%;&' Ge GE&F 1 hQﬁ‘neO% téﬁgaraﬁﬁv&%e Ge Bl 1N 2

free timeslot. e user appol nt rents book at the time that
t he requesttvagen ves saidhmsks,anmpilavilinks 2Benmbyabeessdge spedfyecarstairds nat or

to allow the informtion tocge di spl ayed to the user | dj atel y.
| npl enent %PF%W%?SIFE&%'%W wst §?'§HP'>QSE:"§%WFB B FTH- lfrggg'f’kﬁégoﬁom?ﬁe above
exampl 5 Fere PRISFRABKEdebdtitidlE iFRF AN RBIaBORSHIRY RhEOTHRONSHRL PreceliBit-
functionality of the diary assistant may be co-ordinated through the diary
related. These may include constraints such as “at the same time of day”, and
are fuzzy definitions that are resolved into times on the diary according to fuzzy
relationships similar to those described above with reference to Figure 8 when
the diary assistant 211 processes the task plan. A link 1307 could therefore be
30 used for tasks that can be done in any order, which in the above example of a

presentation may include booking a room and ordering refreshments; although



assistant GUJI, which may be witten in Java (shown in Figure 7); The
tasks, days and description of tasks may be objects witteng ﬁﬂ\’iﬁ% 30
The sched‘&bioﬂg 82§escri bed in steps S9.2) S10.3, S13.2 and §, 7(,2393;6966@ may
be wittenh as Pu ctions in Prolog or Fril |ogic programm ng 1 anguages, and
t hese functions may be invoked within a respective Java cl ass; WO

001 26828 39 5 0 3 JUN 2003 PCT/ G B99/0 5 The graphical interface used
for designing plans of tasks in the fourth enbodi mrent nay be an editor
object witten in éava; The iqg i ation of negotLatkons and hids from host
and parti©Ppatesth BPVP 1 1e0PamReTrEsHERTESHIPTIARYISEE . ABsYICay NRPPSAVE

obj ects whdrgleiembed functions, also witten in Java, to handle the inputs
frommultiple participants, according to step S15.4, for exanple. It is
understood that the use of Java and the logic Erogranning | anguages are

inessential to the diar i.stapt. The di . assistant 211 may, be run
on eit herlnatl'ﬁnpg(esgpgaem\goﬁagﬁg\gt,O\gﬁ?rgt %a(r%lés rs]a)?%t'g r%ﬁ%% rpb(i?}“&i?‘l'be {gﬁethf)s i's
equi pped tiskd) atitcad &h aMedr foPEMOSPRE Saske. REMRAMIG to) tHedatve cXiakrips tadksFril or
Prol og. 15 When the diary assistant 211 is run' on a Unix platform the

f ol | owi ng°fURi reeeaAtAMS PFARFTIRG % FRRS e dNAtPTBRRTINge iifo RFaseOBTioAVIGIRS. tthe

assi st ant - | o] : Vi . J o=t ~f _nl.db
& (1) SPEkeagn 6t fs b RcRUr ol AR e IR Tt ah Piince o kigdre ™ )
-s nl .db1%&; the a@nghor tesk dilat§01 (s fijstjamvad tDithe diask plav-ShA-aDl TRt Basks

oma. agents. AgentShel |  Diary -s nl.db.-e; 25 .(iii) DiaryAssistant & 1.1
“vokes 1 8 HBUETELY ahls el PO CHiEH 27 hdediyr dhebe e BRLATIRN o wi ¢ h
each ofcdher3gs] 0gs ek FeUHaPRPPeMLRIAGhAGIAGIEBE t84KE Uh8y %Hﬁéa,graeld, thué

i nvokes the di a_r%/_ assistant itself, and these are thus the conmands

requi red fligingwehinpftha reineidsydrare MmtherptaskeoT v wEEEsence Fayridirectional,

cDa distELRERKPLRT R I 8T TR SRS §3803 Thil 03 il £ LIN03F05 This
i nvokes the diary assistant itself when the firs our enbodi rents al one
are run. forming a task element of a specific task plan (which includes, say, 5 tasks T1,
T2, T3, T4, T5, listed in order of dependency donstraint) is moved to a different
18 time, only T4 and T5 will be re-scheduled by the diary as a result of the move. In
this example, task T1 is the anchor task, and as it is higher up the inter-task
hierarchy than T3, it is unaffected by the move. The dependency constraint may
be given by the shortest path to the main task as dictated by the arrows,
together with the links, and the order in which tasks are constrained follows a

20 directed a-cyclic graph.

Tasks may be added to a plan via menu option 1311, which enables the user to
specify a task description, either explicitly in 1317 or by selecting from a pick list
1321, a duration of task 1315, and any additional temporal constraints particular
25 to the task in question via dialogue box 1323. Once added to the plan, the tasks
may be edited, moved or deleted either by double clicking on the box in question,
dragging the box around the screen, or selecting an appropriate menu option. The
links 1307 and arrows 1309 may be similarly added to and edited in the task
plan.
30
Template task plans may be created for specific task categories, such as

meetings, presentations, seminars, where the core task elements characterising



5 The SIA-DISTRIB is a Unix paraneter giving the | ocation of files
containing information about the user (e.g. nanme, |ocation fn)g Sine files)
etc.). If_the diary assistant 211 were to be run on a Wndows OS_ there
woul d be WOLORF428, * harameter required, but the syntax of tBGTEOMHEMIS

| i sted above nmay be 10 different. Email Assistant A first enbodi nent of
apparatus for processing comruni cations received by a 15 user over a
comuni cations link is a software agent31general ly referred to as an ensil
assistant, which is used to manage both incom ng and outgoing emails. As is
wel | knowRe '@rkiare $fandards TAuRexdiser danf ereata icorNewhdMestingl tdss slender, the

rect bl ety BRdubie 1 BlaR iRt Vil Sa iR the ADHeAA! Forl BHOh TRE kBRI, MTBY

generally be referred to as i cation 1 nformatron, ?réflmglea ed to
assess a yser omdyt thest ediuandfadtite thess aienerftsab |prodscegs eattomitet blant & ed

communi cati gn | nterchange between users connected in a network. However,
emai | s téﬁﬂ”'f"tﬁ;'prol iferate in nunber and a user at a particul ar workstation
‘can begi nundated with nessages that 25 take a significant anobunt of tine to
open and read. Sone enmils are of crucial inportance whereas others are of
only mar gPmrel a miar dstcomplevgoul il ishevkmistes! be trel giiary assiftaht &1 1erfai | s

accordin Q.priority. In so canvent ,.onal systens, enmils are given a
priori tygsgbeg@'engs'g?tl%}‘e/r_‘rﬁ Uit THE &@Egpggﬁmghflﬁ_ﬁ‘é&? Prliaﬂénimge 52Y ‘?ncgri ority
by readi ngoddtewfBit silirartifig it30r EbRediBy] THE StBédNngFNEcdiRIrPSolippissser to
manage bot h i ncom 2% and outgoing email nessages. It pro-actively notifies
the user '6f TABRWINACHAPH A EE8WHdR adgu@bnput es a priority status, which is
used tg provide advice wo oonss~s 41 0 3 JUN 2003 PCTI CB99103605 for
handl ing the nessage. Furthernore, the email assistant 205 observes
di f f er ences &t Wibwe dsoistarhe? Tessiageall sf dudt temks eidmeards eqt wekparcedrding t he
advi ce conpuyt eg by . the assistgnt, and npdifies its paranmeters so %s to
to their‘dependencies. us the most constrained tasks, such as task T1,
appear first, and the least constrained tasks appear last, where a measure of
the degree of constraint may be the number of possible periods that could be
15 assigned to a task (determined by the fuzzy precedence on links 1307)
together with the inter-task order (determined by the arrows 1309);
e S13.2 Once the tasks are in order, they are scheduled one by one, following
the above order. The search applied to schedule the tasks may be a standard
“depth-first with backtracking” method, described in step S$10.3, in which
20 tasks are assigned timeslots or time periods in order, such that in the event of
not reaching a solution, the search backtracks to an earlier point and tries an

alternative timeslot or time period.

This embodiment is thus similar to the global mode described in the second
25 embodiment, and is directed towards optimally satisfying all precedents

accompanying the task elements to be scheduled.

If, after scheduling the task plan, one of the task elements is independently
edited within the diary, the diary assistant 211 will attempt to satisfy the inter-
30 task plan criteria as well as any new conditions introduced by the change. If the
two conditions are incompatible, the user may be informed and prompted to

review either the task plan or the most recent change. If a higher priority status



reflect the user's preferences. 5 Referring to Figure 16, the email
assi stant nekes use of a Bayes net arrangenent 1601 in order_to nmm

ke a
suggesti o @4}% to whether the email is of relatively hi 3&%”
priority gvn%l1 ﬁz}sv\het her it should be read i mediately or Pééairr{ 9er3/ 1t

until a later tine. 10 The email assistant has the follow ng identification
information inputs to the Bayes net arrgpgement 1 601 , shown in Figures 1
6 and 1 7a: data 1605 concerning the destination addresses) of incom ng

emaiis; ata 1607 .concernjng the inportance to the user of the subject
mat t er ofﬁiishge?rhggﬁh\ detr‘f‘ai ¢ O‘éféaqgf%% plpRgt y Pt 239'3tRRs 23?10[“95 'g'Pﬁ’JEtory
dat a 1609tHeGREEsdNdREL EREndeSATd fetlih @Mé OHGiInBP&teRd!e0 fnfBRingShE ' REE bhgssender
and the user's previous sending of enails to the sender of the 1nconm ng

emai | . Theéewsiohr {deathalthisededtiputis garovPleta Hleenpmdimentsr of byhewtdiarkt an
emai |l 20 stQfy prioritised, and the email assistant may make use of
various rules in conjunction with Bayes nets, such as fuzzy |ogic, and/or
patterr® matchi ng techniques, in order to determne a priority rating for an

i ncom ng il. Clearly, the outputs fromeach of these parameters will be
conbi ned fggiafwhaz" § %/’iaﬁm'%gf"éeom?sﬁdﬁﬁ Gie PR RIpEESETiIQT i1 891 Ghapaes.emai | .
The emai | 8;s8% éM¥ntshG HOF P Uhd PaskBIHOWRtih of £ g | evel
of priori t; - fornexa%)rl %r Hiogﬁ,é El\]?ls!\sdi um LE)HI\}\% Qﬁfp%N%vJﬁ%dgé)s %ﬂﬁgéweek,
Thi s nont te-sitedeled 30a Acelieeh thtasiagle aq¥iod JUNORIDO3aMD1G0N 268 ponding

T o Do D00 paf, ot ah AoElBla8 Tty o0t SR T 1RR LR e dret ' on

i s anal ysed. erring to r a, and consi a

desti med i precadeticas spddikdd byt dhieSarreys besomc bhaved ai RhblBetakrl Jignitbbhdreaner .
5 The string fromthe message header field leg "To: ") raw data is anal ysed
by | ogi caPchasdyast Ry MAVEN 8tanchobBsKkeaY val ues: 1. To Me sensor 7701: true
if my email address appears, false otherwise; 2. To Gthers sensor 7 703:
true if there is at |least one email address different frommne, false

ot her wi sefach task, or task element, comprising a task plan may be the responsibility of,

or “owned by”, one user, but the user may vary between task elements. The
15 wuser who initiated the anchor task 1301 may own the task plan itself. Users
having access to edit a task plan may be specified by the owner of the task plan
{(not shown), and the user responsibie for the task element(s) may be specified in
a field (not shown) in the dialogue box 1323. When each of the users has a diary
assistant to manage their schedules, the diary assistant associated with the user
20 that owns the task plan will send a message to each of the other respective
users once the task plan has been completed. For each user, this message may
include details of the task element(s) to be performed by the user, together with
the temporal preferences specified in the “Add/Edit Task” dialog box 1323. The
respective diary assistant will then attempt to schedule the task element(s) in

25 accordance with the methods described in previous embodiments.

Referring to the example of the presentation task, the owner of the task plan
may be the user giving the presentation, and this user may also be responsible
for drafting the report and drafting the presentation material. However, booking a
30 room and ordering refreshments may be the responsibility of the owner’s
secretary. Thus once the owner has submitted the task plan to its diary assistant

for scheduling, and the owner’'s diary assistant has ordered the tasks according



10 3. To List sensor 7 705: true if at |east one of the user defined
mai ling |ist addresses appears in the string, false otherw sgg june203o
Q hers” 03 may return a value in [0,1 ] defined a r of
ot her reiﬁ@f"gﬁﬁ’;’% or sone fuzzy sets {Few, Many} may be szi;l-/nde%g}g%gg?i nput
15 into other fuzzy rules, e.g. 1707 shown in Figure 17a, within the net
arrangenent 1601. The "To Me" sensor 15%1 may further include an identifier
such as a nunber, which indicates whether the "To Me" address is present in
the 20 "TO' field, or the "CC field,@?nd %hg priority of the nessage may
be wei ghtt@dtgcBBRUINEFYS WHBine ths task WAhdP T EntmiaPoyeldribss OWaLEgHIgTY t hat
of "Appara‘égi@ca\ﬁtt\ﬁi'l'hsé#a' £hnisia éttgrr:thla'ss%@réﬁér Gt € SRAGTATTREL g@ghég% and

o)

mailing lists, and this nay a ave an identifier associate erewith.

" Al t er nat iwilll specifhahe dask elemensishty bbepeBtssmednbw theuesgretary tthestbenmyittbe one

25 sensor. o]0} 1.t h each. of, th ossihle recinpient "To ne" sub
cat egori é‘gg?gr?@%i‘)?g?%&'oqsd%)symfﬁefr?nﬂﬁggr%???rgnr? ?)trgﬂa‘ge&ngythF RECFELYihat i on
addr ess @fiariyneeitang vEmakctsrdkRfbsdrmuleea tirfidor tifes? Bal eRni@i(sL709, shown in

Figures 17a and 17b, to conpute a 30 priority associated with the sender.
As known in the art, a Bayes net considers the causal relation of history

data in L f - 3= RLI.OL el . rence.of an
cvent | a TSl S BRSS intghAgct BehWEd BIGPIRSisks Bls URRRREREE the

PCT/ GB99/43360d1td 3cgnmenidaye SvitRussdi |othed RindNahei deusuPpen Weesayireg |

assi stant, 205 na ve. one network for each kpnown .sender nd def aul t
net wor k f%’rcgﬁg%mb/@ngﬁeta'rlﬁ Bﬁéri"fs qrghqe&tgie\/@ay]thgo “\ﬁgégngg&‘?:o?”t 3pEest ti me.
As kngwn toBi-kibGordginddig| &swiBOtdemaldigstadstemANPididiyihgyak tRddhiass, can
be copied to one or nore 5 other people and can al so be sent using a

pr edef i ndataraatianagcppiergnceen Bragitispleanrbicationephinielbgenti speatpand irewtiar
conpany o r u my.S. In this exanple, it is assuned that an
gt LR, TbeB 0

emai | ad e user 1s high priority. It is assunmed to have
reduced priority if copied to another person. If copied to nore than one
person, it is assuned to have a 10 |l esser priority still. If sent via a
mai | i ng |t g8, understeod dagtiplementarionaicativen JUsheds Franyr PRYONSTIE2IgE S i ti es

associigt &g Wist RrblR, HARE 1AL QR FAME 678 infQlenflal USCtnd BLRA) UsHgtdnieafd Mai | |
may therefore be learnt along the lines of: 15 Message sent to ne: Read
Now, Messtge aswnquivelers madnotheldsbe Reed t3odalise thvbaswgeewbodimentsgf | i ng

list: Read t.his Month; such that the address field of an incomng email is

anal ysed i dmberné'ﬁggat ed through the Bayes net to provide a priority out put

corresponding to the 20 address field. However these val ues, which are

based on address information only, provide only a first approxi mation to
how t he uéef'ft\ﬂoﬁ'lnaoﬁ'meé‘ﬁ of she tHE VeddH'§TaNt 13RPPsatbe cazzy I?é‘dBéfrl?e%d“H@Q is
ﬁpera%e {RnAraeL d?s'%f‘os\éﬁ'im%é fi?é%péc{lotegecfo?nde&ﬁ@ocf?&wemet%eeﬁa?&@%e'tiﬁas tpased on

ow the recelving user 1I's observe
be scheduled between a host and participants of the meeting. Both the host and

the participants have diary assistants 211 to manage their diaries, shown in
Figure 14, and it is assumed that the host diary assistant 1401 is the initiator of
the meeting. Existing products, such as Microsoft Outlook Calendar, allow a host
25 to request a meeting, but the host is required to specify an exact time, and the
participant is required to manually check his or her diary before confirming or
declining the offered time. The scheduling system described in “An automated
meeting scheduling system that utilises user preferences”, Haynes et al,
Autonomous Agents 97 pp. 308-316 presents a system that includes a set of
30 distributed agents which are designed to schedule meetings. The system is
designed to be adaptive to environmental demands and user preferences, where

the preferences relate to a range of parameters including accommodation,



25 deal with the email. Thus, the email assistant 205 may suggest that t he .
user should read the email immediately, but in practice, thegusgy

choose tow@ashesis | ater in the day. If that is the case, thptﬁ@gpm;mm 205
shoul d nodify the weights in the Bayes net such that the next time an enail-
is received it can anticipate how the user will want to deal with it, 30
and suggest accordingly. WO 001 26828 34 0 3 JUN 2003 PCT/ GB99/ 03605 As an
alternative to using a Bayes net to determne the priority of an emuil

based on thenagdMRss, [osﬁicfban@s fRké Do iAgt S, rwxh.éesy%tm tgg &r@fe‘?ét?de%s (not

shown) . A ranking fac |ned havi ng a val ue range between 1 tor high
| npor t ancereaspkclietion netationpora dmeghold valuki svhexanpd ehreshads arﬂ<ung|u99:05 set

|t ILf th | is diregted to th | 0 t
o por { SATLUPENT R 2 debr Sopdfiesa vl Por e Bin, Mgt o ok vtier. ¢ ne
emai | s gdtMe) vitieréaPATthaeer Egdtiiidida valle GieldW) a iHredHdRd, BRI ik DAsgdRRN

copied to several others, the email is ranked with an |rrportance of 0.5;
if the %rreﬁtwrl Fopgxameie. dn vae Icper) Of iS8IECHMR a) 43D fomAdBestHIgk ithg User BBY to be

0.3 1. koW ELRdlG&e &2, ldnd V“ie'turnbégén‘?cﬁ@tl\%%ay%d (9 RPefifilgy, anking
np t c

val ues descrlb above are éxanples an hat "in prdctice, the 1nportance

attri but ethdicatiegch pmt ﬁmulenctaat @gdr y bfesentar | Fiddayvt hMessabje¢| doealudinger may
change with tine. t he Bayes net %709 t he ranki ngs can, be | earnt
over a pefH@eFsHPNs i 'Etfyt"r’?ﬁn?'?tér iPHy PEHRE I RIVEE N RAFRTS HEP9 P! raRgplEt o

the readi ragrt&tpantr@%h@au% SRbhSexaflifes @ StefdrERieRl 1 dyNBRQdeANIN HES MRy
be to maintain a log of incomng and outgoing emails, and this information

may bel@t onardeeHesrsivegyabome ireatder taseiLET atien anselppssibilitien a user profile
stored in the database 247. Subject data: 25 The data 1607 concerning the
subject field of incomng enmails will now be discussed in relation to
Fi gure 18By ébntedseptifel Gialy etshme&ubjnek:ets ofe tohethk iR} REcHeidids émbedderict ed
fromits header; At step , aproflle of inportant subjects is

devel oped W'Hé?ttf‘?lé’r‘ﬂ'\’t?f%s@arttﬁéol tﬂﬂm BRAYESTSstOr Megindetidgp|s©, 3 fto £19%er has
recently %ﬁ? o @stnttﬁt&fel 0 Ogétwh' 8¢ Lﬁért@estﬂﬁhﬁa%ta ttlh@ ﬁgfeaﬁgdsﬂdttcp gdre

subject fie the tit e 1 ncom ng enail deene be I nportant to
t he uséb. slchewwd bach s@ied of bbrIN)dSO@@y\ABCWISQGSZBnP@ﬁ!GBQQb@%ﬂfﬁnDt to
converge towards a mutually convenient time for the meeting. Examples of
typical time scales that may be used include early in the week, specific day early

in week, period within day, specific hour in period.

20 The procedure whereby the assistants interact in an attempt to find a mutually
convenient time for the meeting is called ‘negotiation’, and the replies from the
participant’s diary assistants are called ‘bids’. Thus the bids are assessed by the
host diary assistant, which negotiates a time that satisfies the bids. The bids are
a function of the free slots in a participant’s diary, together with the participant’s

25 preference. Referring to Figure 14, the former may be extracted by the
participant’'s diary assistant 1403 without interaction with the associated user,
while the latter involves the same diary assistant 1403 asking the associated
user to specify a fuzzy preference profile. The functions used to derive free
timeslots may be similar to those described above in relation to the first and

30 second embodiments, thus including an iterative improvement algorithm.



45 understood that techni ques such as fuzzy recognition or clustering can

be used to identify different presentations of the sane top Lyt

subj ect fjeld; t step S18.3, the inportance of the incom ﬁégﬁl S
ranked byw;)%??ﬁg a conpari son between the profile devel orf’ / %dﬁ S18. 2
and the actual subject of the incomng email identified at step S18.1. The
step perforned at S18.2 may alternativetijsy or in part be perforned by

accessing and updating a user profile stored centrally within the database
10 247. Such a ce

trally located user profile may include a variety of key
wor st hdt® HAGEBBKTE SHEFTEABPBING (S0P EESPSlari RFSSFRENE INEP al so be
used to dggitAemkRiMeht AR disytaskiRtddie csumﬁﬁéatélvﬁkrg ehSh |o'rt]r!§é?|l}’si|1id)ggf of

interest to the user. 15 History data: Derivation of the history a 1609
"from pr eVieyaPrandVessagding Anghvitebtureescri bed. Information relating to the
time taken for the user to read or respond 1715 to incomng enmails 1605 may
be input to a second Bayes net 1713, shown in Figures 17a and 17c. This may
be conbi M@ llbindietgpsi, avitd yefedhos AAtFiguIes @ Sdednidv esb f s @hé hke Bayem Net
1709 assaociated with the sender, as shown in Figure 17a at 1714, in order
to conput'® OReFANO8: refined priority associated with the sender. |If an email

s read Al gbyr AL HdRCRLRE skl M0 FANED LiAMNBE Shls: CRNRLISE S

emails froma particu sender to be inport usér has, In the
past, takennagduatpnisi byeséndin@adegnesnri thefganticinamas tlacylaasiswendaeno3p af t er

receipt, thig.indicates that the user considers emails froma particul ar
sender to bé‘ﬁ'B?h f‘?ﬂHeFHﬁB"r“t@‘?f‘c%Peﬁ?lcz‘%g@owaelﬁgﬂfé’??ﬂ% ﬂlei'f?elt'éﬂa?\é@ the del ay
bet wegp not i“bi oAt waeNd user action 1717, taking into account the

uncertainty in whether the user has seen 30 the notification or not 1719.
The del ay* b&WReefanbiaf fthe Martinipam@ diawrassistarvn 1#0B7consyitbdtsdessipectivé r om a

|09 (not shapl i#brgnk Al 86 8F HAENDco0 A% dnl ARSIl gL E5: o

times. This mai ntai né assi sta 0 WO

00/ 26828 PCTAICROMiIA3EGRbyAm 5 weRRd, bhd Mayudits aréfegerRies WRltRInt thd Berignmai |
assistant alone, or it may be part of the centrally stored user profile.
Thus, the tiWekolimeeRwiqst  HirdrreirepesEayf be SREFIHGI dfy Hhepparriciadt \2srcei ved

emai | 4gan b‘?ﬁﬁ&ﬁl&’é\e‘éaw VAEHE thd BeAEULEIT NG5 RurldiiSh Tb%eﬂ@%r}nnage_%ém

actions. 5 The uncertainty referred to above may result fro or exanpl e,
a user att emdrtigipantneeyi pgpfsthEnesdag thet nbst atheonMandaw ethenFdtednhsdagur at i on
(r)];s:)gﬁdinﬁgt I'\nhg's an%/ t Se(ra\rbei tSraHer]a te):ldem’ttooa %\?2%9 fE\r\]&io%npg\i/elr’thg%gringeec&e;l)g'}/odi, n
where the function has a maximum at Tuesday;
e S15.3 Preferences for each day within the early week period are then
20 calculated as an average preference for all available time slots - i.e. the
participant’s preferences and the free time slots are averaged, and these
values are sent to the host's diary assistant 1401 as bids for the meeting;
¢ S15.4 The host's diary assistant 1401 combines each of these inputs from
the participant’s diary assistants 1403, in an attempt to find a day that is
25 agreeable to all participants. The host may calculate a weighted-average of
the bids, which may be achieved by weighting each of the bids by a fuzzy
function specific to the host. Thus, for example, the host may specify a fuzzy
function that has a maximum at Monday 1405, as shown in Figure 14, and
minimum at Wednesday 1407 for the early week period, and each of the bids
30 will be multiplied by such a function. This therefore biases the meeting to the

host's preferences;



to emails that arrive during this tine should not be attributed to a 10
preference as a function of the sender. One way of reducing ty i's
to establua?nm{ t he user's schedul e, whether the user maﬁc ‘E@% éL
during th interest (time of interest: tine that email was not -
read). The email assistant 205 coul d therefore receive or request i nputs
fromthe diary assistant 21 1, and the te and tinme information stored in
15 the log file should be checked agai nst tinmes and durations of events

schedul ed f user there i s a, del et ween re t and readi ng of
oo | 1B PRt e v it TnE e BRUHES PerERGERUIS Thakt€ich as o

meeting, t hiaigh @hé thed@ink M nét bd B@hélﬁﬂ’é?j dn (A8 A), shenRANEHatg) erd3 as

"not seen". This coul d simlarly apply to the situation where enails are 20
recei ved, bupat ke nesEpys svaibbl tygededuie dhey meatimgnwithiat thehearly meroihgemai |
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etc.) The o tputs of t Irst n conbi ned
1714 2% usi rapchtrbcikz 2y thel e\oeestbyomakumeathma ghéredaiterRERAgS e& dofeider.
respective o |ttlF‘6t s. Alternatively, the enail, assistant _nay use information

stored in th @e'YO”ESaF@MIr&ﬂié"ea’erﬂoi’dr‘?‘t%}“%ajseeﬂmdﬁs%?%%5 FEPEINgEBY. Thus,

referring toefh&Hs forla grfféi’gwt pAéno%it.ﬁRh§vJe%k1A|1%Hnag1R}ery)’§ﬁ hb% A hla gl aOUt of
the tine previously taken to read emails from i ndividua resses i.

i ndi vi dual disndépseferrcd\@tROH2ES 28447 OOeBJfJUNZEODBidP(BEB@@@/@%OﬁedM st ep
S$S19. 2) when an a .particular sender is received, a decision is

nmade concern"i"nag?'n%eet ?“L‘é‘ LB OGN e e MET Y FPYRG P SBIfdFEsPiF e past .

if emaids pr@fvmguséfyreweé,e read within less than a given tinme, i.e. deened
to be inportant, the inconming email is given a 5 hi gh ranking = 1. However,
i f previofs ShePlANee Bif bew' SBRbEASIRIABT PrelatBinerys danahai 't‘h*'ﬁ"@q‘seﬁteer t han

the given ti fer%rtf'c?es' BE B%ngfé%h{s | theIhY&N R %‘Q’sr%%lf' 8res fhe

emails may al so be processe cording to previously observed- 16 actions of
t he user. | froand e]fuiebot/imtsi;orrsef@erattirye saerdaybvms meayumeludt sehtimgseqakests 66r t he

current, 1nco JLhe user is,e i a I the incomn
email is gi V%'H] ggrh nB]Vr’B?ﬂE‘i’Wg B'Gte Btoﬁ'e'PQ\i'sé’ aviaéﬁﬂtoaﬁ g y' Thus the add?ess

and tigg sens g3t ah%atttt@pa%ﬁ@ biad wgsé.aaa&aie}sssﬂtﬂenstewerest,@oe@etieértsrze when
the user last sent an email to the sender the incom ng

above, this time deriving a fuzzy function around periods in a single day.
Thus, a participant may prefer early morning the most, early afternoon next,
and late morning the least. In this case the fuzzy function will have two
peaks, one smaller than the other, with a trough in the middle. This will be

20 combined with the participant’s free time slots, derived by the assistant
directly, and returned to the host diary assistant as the second round bid as
described in $15.3;

e S15.8 The host diary assistant repeats step S15.4 and may again apply its
own preference function for a particular time of day;

25 e S15.9 Once the host’'s diary assistant has returned a time of day that
maximises the preferences of all participants, the host diary assistant starts
the third round of negotiations for a specific time. Thus, if the host calculated
a maximum preference for early in the morning, the diary assistant may send
the times of 08:00, 09:00, 10:00 10 the participant’s diary assistants.

30 Alternatively, the host dairy assistant may send the prevailing time resulting
from its manipulations at S15.8 to the participant’s diary assistants, leaving

the same to bid for times within that time of day. It is implicit that each



15 email. If an email was sent within less than a given tine, the incom ng
email is given a high ranking = 1 whereas if an email was ngh sAaN%o0M t hi n
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back to Figure 16, the three inputs to the Bayes net arrangenent 20 1605)
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exanpl® 30 819Jd&siThensartiTimghies 1d|arwv©ssmtrae§2$emt Slmggeeu oh 3&s2agdH gh

priority Su il ri_o ThsWéek
Cow pri or i (7 gBEF BTy ERES R A s HRRET Toy S8 4 on o S slstoed

PCT/ GB99/ 03081 F=Bgure 20 |IIustrat es how t he suggestion nmessage 1603 may be
di spl ayed to the user. The screen of display 103 (Figure 1) is shovvn W th

a work areaS?p01 Y% Wﬁ"étﬁ'ﬁfé(taésﬁwﬁé‘ﬁ’é‘i'ﬁﬁaicg'aé%ﬁmeeﬂ’%%ﬂe offhe spegifits bar
2003 is Shomebﬁb@%rkré‘?a rvslﬁtl% ?%meslt'stchv@n W%%ht yfiupgtlgrp%% lsqgngﬁ wor d

processor to prepare a docunment en-an i ncom ng I's received, a mail
i con 2007 i stagesphayiew mavindhtheshakiosunbaref@2@08e |sT¢e|tL$rnieﬁcHsaabeBné bétter ri val
of the email but not it's content. Thus, the user nust decide whether to
stop word pM5€HERRi ng and open the newly arrived enail or whether to
continue word processing. If the email is of peripheral inportance, it

woul d be better to continue with the word-processing rather than break
concent r &&/pahy, thensituation glesedbeg inkS the manessusedter treycqm\rlommdfobylmf |
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Additional features that may affect the participant’s preferences include type of
meeting (e.g. team meeting, 1:1 meeting, conference, which may require
availability over extended periods of time), and this may be factored into the
25 fuzzy preference function specified by the participants. When calculating the
maximum preference at each round of negotiations, the host’'s diary assistant
may test the preference against a predetermined threshold, which controls
whether or not a time should be selected. In practice, this has the effect of
forcing the host’s diary assistant to back-track to other days in the week/periods
30 in the day/time in period, depending on at what stage the preference value falis

below the threshold, in order to find a time that satisfies the threshold criteria.



The conmmuni cation of email arrival may be further controlled by priority
threshol ds. For exanple, nessage 2005 may be controlled suchgighggn izgo3only
di spl ays whegoidags priority exceeds a certain value, or satiggt/ggofedsos
certain condition (such as the subject field includes "READ NOW). This
feature may be particularly useful as it allows the user to work
substantially wi thout interruption, but zgddresses the need to notify the
same of urgent, or specifically categorised tasks. The above procedures for
The! 901 'S pARbigGe” LIRS | idelia STS0b0 RS TBbly “oh e d11 St el Y
t he foll om ng exanpl e: mEssage arrives and i s dna according to the
above rrecmamrmlmr;atkmsbetmment herticipaets laderthefhpsmg:fpamameteﬂng may nbloebe

probabi | it d| stributigns ogutput fromthe Bayes Net andlor rules are used
Po comput &ECHA SRTEY, TiRYER R0 RESOHINGo B BAETBIR. oM BRITCP AT DS

anal ysi ng | Hunﬁllﬂ?%ldrm OROBRESELStls MR RA m%&rmi 18 dven LaREubNE
bel i ef vector; he priority is output fromthe emai|l assistant 205 to the

user, tBgduneonwi inh this ssitlpaoni orerbagied ba prheidpdi arshiefl Vrdtuehownk thite
Y RS M A SRR RSy e TR R =

the day, the neSsage I's rou

assi st ant rafdberlceaonEigiew 13wants @6bhaky RNskrésinfcdeatnie el dT hdrehelRead
Today' elenment is given nore weight for that sender andlor subject field in

the rel evaheuld Aperetoss mertorar ah'@ﬂﬁuﬁﬁr?ﬂgfqﬁ’é&'ﬁaﬁl —sFRMBUGicapiag exithgte thighidr ess
l'ist, histry, ﬂ%asysfté%ﬁzéfrdcggéx g rd'a'{afere%élved qqgreﬁgﬁ? ’andT&ﬁnrﬂﬁﬁtca{lhé"%vg]

message arrlves wi th correspondfing features emai | assi st ant
conput &8 ahadwsps iddary tagsisteared Toe ldthe wises htaypﬁombwrmncabolveepmmchlme,l awl t he

pr eV| ous interaction. assi st.ant 205 I earn.the
Cser” o betfUTBUICTT S8R EroR oihon SERy8en Y PURTR o o3 PRI |1
order to adt ax@kiptal Tis OMm@ankise S thel REATH %ma@@%m@@sﬂe qasit he
| earnt behavi our. 0 3 JUN 2003 " 001 26828 PCT/ GB99/ 03605-50 The enai |

assi st ant PgBentss) IMRSiIsPAEEr taskh PNt ae dhe rrepossibilify) of dififecentrisgrae
represented as a dial ogue box or the like, and which allows the user to
view the emails in lists corresponding to the priority ratings |listed
above. 1BheThis elfaryeassistare  acgn alshr b gipeeabtatte geryivef messddes bymseteecobt ng t he

5 relevant | st, Lch y be accessib| e via pop-up nenus or their
equi val ent©f dﬁﬁ'ﬁPrtm#r @’é‘[@bmeﬁﬁa%ﬁ ?!Rt—i’lahy f'r&ﬁl“qegéqﬂ’i“ﬁ ts tenaURRIINfoRTaHPhce may

al so of f erysgeudd. e oswnsi@srsciarﬁteﬁltawéénﬁﬁe sﬁ@@me's@ot@rmlthe%%ﬁermarysuch as
a ' Conpose enmil' option. 10 Inplenen to tion: Figure 21 shows a schenmatic

di agr am of ang Wbssmduwn%@qunphmm aequest & ochiy ipreafree diedsiataift theoser
| ncom NG SRR S aBboibliEaME!acREk Pk HeZyREGhRHIReBYe A0 e BRR wif 71 P!

ina .forward
20 send a message to the co- ordlnator to allow the information to be displayed to

the user immediately.
Implementation

25 The diary assistant described with reference to the above examples may be
embodied in the following software components:
s The functionality of the diary assistant may be co-ordinated through the diary
assistant GUI, which may be written in Java {shown in Figure 7);
e The tasks, days and description of tasks may be objects written in Java;
30 e The scheduling, described in steps S$9.2, $10.3, S13.2 and S15.2 above,
may be written as functions in Prolog or Fril logic programming languages,

and these functions may be invoked within a respective Java class;



15 nmechani smused to forward enmails to predeterm ned | ocations, for each
message 2103. It has the effect of running incomning mail thh%ugk}#]tﬁﬂ
commands of the script rather than allowing the mail to sit’in 't’ él) I n- box.
The scri ptO0p8E the message 2103 onto a local disc 2105 WFHEBIYOI8HE er nal
nunber and concurrently updates the current mail count 2107 in a file 20
stored on the local disk. This process_js event-driven and provides the
interface between the email assistant 3%5 and the Unix platform The emai)
assistant 205 may be witten in Java, and may thus have a plurality of
t hr eads *hatheargsaritigrlbinderéacer yaed fgr céasianinemlpys A gaska tnhrtbadfomyag may be
used to che { u i Qali : t hat when a 25 change is
det ect ed, t%ﬁbéﬁﬁfggnggﬁng% (rj'r@gcgra%gécg%']é&%ﬁfg i eved usi ng the email
nunber 2307Thelhnisiatibheol ardotatidrize andi bidserfroen hastr addicesttitipaat ghary
del egation of  the reasoning process t%ﬁ he | ocjall machi ne (client machine)
that the end3S{StaisasesPertyRY 2B8Yi 8er ) 'ﬁg BY. Javansbirsts 69bishs emMR&dephone
assi stgnt OrAcdbl, 2R3 RGHHEBOHOBRAS f SRsMNE SRDORLIRN o FRGEBALUS for
processi ng of conmuni cati ons received by a user over a comuni cations |ink
i's a tel ephratticiagstss agardingttoctie Sit 8. daeensmplesi milar to the first
enbodi nent descri bed above, for which a description of the operative terns
has been given. The tel ephone assistant 207 is used to nanage a user's
i ncom ng it Bl eRfwseodahks thy uperof Uarh HdCEd 0§ pRIYraEMMY idngoBgégaghone
calls. The calling line identifier (CLI) of incom ng calls may generally be
r ef er r ed inessaatial deibe fiapuesBsarhf or nati on of 10 the phone call. Referring
to Figyre 22, a Bayes net arrangement 2201 can be used to restrict
answering of incom ng telephone calls. Data derived fromthe CLI 2205 and
dat a frorhehdiadi assis@ssi2dtiamay 220 7un onf @thdrnd dJridher nreWid@ddrs aspet&tirghown i n
the Figure and aa out(fué. 22183 éﬁ .grovi.de% ta,contro] answering of incom ng
t el ephoneYESEM dUSRePEFIFIRG T8 PP gar dWivREd, Y th 3he relqxant FB?‘ipPae'étés'E?ci at ed
W th eachyugpbit&aviRndkaheepf BSIetFRdiopn a Bayes net 2301 tree, |ocated
wi thin the 20 arrangenent 2201 , where each branch of the tree 2301
represents a caller that the user may expect to receive a call from 2303,
2505 185%0perT Nk iR abiefdfe A 1 AIRIonRA0RR: plafRhAS HAL H1BRng UG 2309
commands may be entered at the keyboard to invoke the assistant 211:

1.1

(i) java oma.agents.ANServer ANS -nogui -t 1 -f n1.db &;

(ii) sleep 10;
20 ({iii) java oma.agents.Facilitator broker -nogui -t 1 -s n1.db &;

1.2

(i) cd diary;

{ii) java -Dia.distrib = $|A_DISTRIB oma.agents.AgentShell Diary -s n1.db -e;
25 {iii) DiaryAssistant &.

1.1 invokes the processes required for the diary assistants to communicate with
each other using the Zeus Open Messaging Architecture supra, and 1.2 invokes
the diary assistant itself, and these are thus the commands required for the fifth

30 embodiment.



which is used as a default to filter calls fromunknown callers. The CLI of.
incomng calls may be used as identification data in the Bayﬂag JUN 260301 25
such t hat wif\@ihegsy i Nncom ng call is received) the tel ephone m@SsEEIAIREs207 ‘
uses the CLI to search a database for the corresponding nane of the caller.-.
Thi s database may be either stored within the tel ephone assistant or within
a user profile, preferably located centgglly in the database 247, to be
accessed by the tel ephone assistant 207. 30 The conditional probabilities
231 1 ( Qf g(ixh 301 are initially set so that
all of th ég’%a %ysér?lg a%%eg{ﬁ?{§ﬁ1£}9ks%' %oﬁ‘e assi stant 207 can then observe
how t he user manages the cal | s, and refl ne the 0 3 JUN 2003 WD 00/ 26828
PCT/ GB99/ 03605 52 prob b|||tJes within the net tree 2301 in a manner
oimiLar t DU RR(oKAESLR I BRY FoRSEAE el e e BRI PE gL AmBoREBEs Alane are
arrangeneRf,. 2201 may al so receive data 2207 fromthe 5 diary assistant 211,
relating to diary entries which indicate that the user has planned certain
activities relating to the caller identified as described above. This data

is incor a i econd. Bayes pet .231 hown i ure . 23b, which is
al so Iocgfé%lts\%jf%gﬁﬁ{ g Arrg ﬁ@ﬁ{] F 95679 Zhel'%éag%rwﬂﬂleﬁgﬁ"”m*?'ghas as
i nputs, tinormaint s0me toé utdreeqalnamaseation foh@acalilksrete.)10 i dent | ty) which

is input fromthe Bayes net tree 2301 , together with information relating
to whet helf He digty ?ffﬁéstagfem hawerg toeBe irwy AfchdUinrewsWPEntheie weylddre aThi s

informati ?%lI@F‘)ﬁapﬁnét‘éF Hﬁ%neﬁag@tgﬁre' %@a@%f meoez(éri:nntaXdQ ls{gﬁg%ﬂgplgonﬁgfgg' ng

type and frequency of ca Time of the neeting inr o tinme of
t he cald aBte®entThis informati on nmay be avail able via the diary assistant 21
1 , and passed to the tel ephone assistant 207 via the nessage passing
described earlier; 1Is the neeting work or play-related (e.g. business
nmeet i Ng OEna@l Avsetamet i ngl 2321; 20 How frequently the caller makes calls
to the user 2323. This informati on nmay conveniently be stored.in the

dat abase, agai nst the caller's ID details. Furthernore, the diary may

o S Ao RBLE L Ab L Bbb AR bR BioRBidind BoRIRRMRNs HEMULH, g25e he

net 2317 I's 1nto account ro I'sin e ihcomng cal | .
Al so, the usleraoverrmyommuhmedtems Himk iata aoﬁavareczdeam ddneeally hefensey to 2s
calf .answering will. K be barred automatically.

t t abl e
e TrT oBhas el +entBat NIRRT Meed Th M AE BaboiiF SBpRss b P LB8eRE, o o

simlar nmpanars. tAs tm;elmeﬁ&hhb%qqaammef 8% ot R€adef PEnfRfmABShH! dhce#Rihg 30
When a call is received, and the above informati on has been extract ed and

processedthe sxenéeSeﬁ@nteCBayetsanfétthesymeqtmf tthelttrphldmencasbussmmmnaﬁﬂn 03
JHE N 2009 hxcMDm%%IOéﬁrgezr%HPq)@ 19 /OdSQQ 55‘?’denl€|f%a T%nalr{fgfnqgg?nfjed I Orl ty

status. THATSCI's™S ure' 2 He suggestion I
answer 20l atsed2@3assEle aaﬁﬁbstyaﬂttatQQ?an”ﬁy nogagée i n three nodes: Accept

calls,

Email has greatly facilitated communication interchange between users
connected in a network. However, emails tend to proliferate in number and
a user at a particular workstation can be inundated with messages that

25 take a significant amount of time to open and read. Some emails are of
crucial importance whereas others are of only marginal interest. [t would
therefore be helpful to filter emails according to priority. In some
conventional systems, emails are given a priority by the sender, but the
user can only determine the actual priority by reading the email itself.

30
The email assistant 205 helps the user to manage both incoming and
outgoing email messages. It pro-actively notifies the user of new incoming

messages and computes a priority status, which is used to provide advice



5 Refuse calls, Filter calls according to the priority analysis output
fromthe Bayes net arrangement 2201. The operating node may gbe JgR! 203 ed vi a
a graphic er _jnterface 2401 10 such as that shown in Fi - t.he
caller | Dw%b@é@ l ed in 2403; the node of call acceptance l%glr@gfp@gg(gbl e
froma pick Iist at 2405; and the selected priority threshold is displayed
at 2407. The assistant 207 provides the4 ser wwth a further option of
accepting or ignoring the call at 2409. The interface nay contain a keypad

to dial phone nunbers directly, and a text 15 field where_the user can type
t he name &%*@'ﬁ@r% M&FseER| Furthefmarasts el pesiskanty Béép%?sﬁ'\ée*i n

ei ther acgiembtees’ BEUSEeT AblS tHDARsshBE i8RiuAly fahlel yorﬁgerrerd' leend he
assistant's conputations. If the assistant is set to operate in filter call
node, theadwiee |epmpiitedoby ativtoansiethnto ankle maslifieptaapasarhatersi om asf ta he
conput ed prJori ared to the selected priority, at 2407. In the refuse
calls no éeﬂISF!Eftﬁ%{tuégpﬁoods?e?ﬂ%ei'el ephone assi stant 207 can instruct the

i nt er f acerdfborifGomN Higurel 9@, ethle tendintisBistani MPaKEE QRlsedoR5a tBd\Rhaae, SO as
not to interrupt the user unless the incomng call is analysed to be of a
pr edet er nifieRGeAPOY (18N ein prdarhics makeyatsuggestine 16RJmsntp edhdthamyhde

di verted . I i Pe? ~ /. / 91 03605
54 The usée'?a@é%%zﬁg%lt@gﬁﬁ gg:ﬁggglrosw ip(ra'ot? ﬁglg{nrdi b%bgfwﬁgﬁﬁegdigﬁgg%fgéé%z 24 by
associ at i imgmadpteyracoardbd lessage Wwitéhtimecal | er' s nane or nunber. \Wen a
new call arrives, the assistant 207 checks for existing triggers and
fetches the correspondi ng nessage. This nessage is then automatically

pl ayed ot oThBeerhail | fsistantl e s abRy €ols R W e iflcQitiodS Fif8h BGoRNApYRRdas | Ng
priority status to a phone call may be illustrated by the follow ng

exanpl e: thEehBawesngt armangement 4 latsdoWrhen fiavses 1 and f1H@: nane of the
caller in_t t e far tri rs; . Assum n 0. triggers
have been se at?g‘r ?ghgéjl;\;@% ?@% ﬁgété%%imsi 5%8%%3%&3083‘n50r8}?%ﬁﬁ\ Vofor the
call by i apudtangsCaldodicetmh@rifBtinpartdnceatie ity uekr elths Jufedtvedtdferom a
person, diary information into the Bayes net arrangenent 2201. This

i nf or mati on 9fsthsriggagure@Mair AsgHorifiedy itedit RNdte a priority;

15 e history data 1609 concerning the user’s previous reading of emails from

the sender and the user’'s previous sending of emails to the sender of

the incoming email.

These three analysed inputs provide three parameters by which an email
20 may be prioritised, and the email assistant may make use of various rules in
conjunction with Bayes nets, such as fuzzy logic, and/or pattern matching
techniques, in order to determine a priority rating for an incoming email.
Clearly, the outputs from each of these parameters will be combined to
provide a single recommendation for the priority of the email. The emails
25 may then be stored in various lists according to their level of priority — for
example:
e High, Medium, Low; or

¢ Now, Today, This week, This month, Never.

30 Address data:



15 Assum ng that the user interface 2401 has been set to 'filter emails" .
at 2405, this conputed priority will be conpared to the sel ecg gdiuNal0dgd and
the call pyeegsgeyl accordingly. Inplenmentation 20 One i npl epetycabd/eze501 _
of the second enbodi ment uses BT Call scape 2503 to interact with a Public -
Servi ce Tel ephone Network (PSTN) anal ogue tel ephone line, as shown in

Fi gure 25 of the acconpanyi ng draw ngs.gfal | scape is a product of British
Tel econmuni cati ons Public Limted Conmpany which provides 25 conputer

t el ephonyyjiheg 3hidifak vE) (AOGRIAdRON G SIREH 1] bhaysel (fbidrrinht 1
avai | abl e as an external hardware device that connects to the Seriaf port
of a conput Brgurd dl7ap laoxdyc anséddring bndly sisgpfother destinaeion addmisyifiegd) fgionm ng
calls, sendi out.goi ng calls) nmay be processed by an application running
on the coM5vt %?Cﬁ*ggei’gi‘éﬁﬁéﬂ@\ﬁﬁ% B’é"gef\ﬂeri dian “digital phone 2505, which
uses a Meridian 30 Comruni cation adapter as a hardware board | ocated in the
t el ephone_handset, which al so connects to the serial port of the conputer.
WD 001 268%8e 3%rimg dropuNhe 0nessags/ heRder BisoBIThEC:dksawt datta BOFnatusechby

i npl enent gd. | i vage, and the arrival of a phone
call may g’glcé'g?ée%t%é%w@wg{e?%n%%go %i ch provides a server front end to
t he Cal | s¢apm Mei sekor TH@7 a36é Firayemad adomsss iappesrt affss\btHerrlel scape 2503
via an ActiveX conponent having a Visual Basic layer to initiate 5

connecti o& t4® pﬁ/ée’tsesleé'ﬁﬂ’oﬁgoé'sg’l“%t'&ﬁ?ergé?\i’ér"?’asltrﬂﬂ?rr?'ﬁ‘@”caﬁdre,ﬁsaf"'éfef‘?ms

si gnal | ed¢fomh Fi, HREE30merWdeeh then notifies the tel ephone assistant 207
with the CLI. Miulti-nodal interface 10 Referring to Figures 1 and 2,

appar atQus 3actoditngpnsor aly Odnbrock fent legfst apsarhtths dser defewti Mpilmg lser
activities g\t a Wor kstsalit%n my Qel g%ﬂ}\grgﬁ% by a nulti-nodal interface 209
arranged £87e5Ht TRRPAEUCHTESETA 7182 OVK™WN% i - nmodal i nterface 209 is

provi ded between two separate entities, a 15 human and a machi ne, which are
physically separated, but are able to exchange data through a.nunber of

i nf or mat i é’hecﬁé’nﬁm%s ofenMEoaels’ O3 mal rgiryieavalig &y iddl defioed agi Ypnwuybescr een
103, nous : ugj | 3 Lt L |y o I 09 is
primaril y%lfjiog@erf%glgfégégégﬂ\%\/r?gitﬁéa@gg‘ég%gse FSPT”FgY't I E’g%idgg'?%{ abgqﬁ%‘%

machi nE Intb iotherayuzzlysoulgd, exg.r act07 rdhomwmatin oRigiungl 1 Za.t lwithiby tihdseetvi ng
user actions. This be descri bed as obtaining high-level information
about theaU§896'B§7“tog§%}vi ng | ow1level nodalities, such as the keyboard 101
and the nouse 105, and this informati on nay be used to provide
user-friendly interactions and additional functionality. 25 Multi-nodal

| nt er f ace Theet"@et Mej gsesoprigddneeay Reftderiinglude Fhgidestidier audh ray a
enbodi nent h sent_l.nyenti 1 §,.CO ed_with_ detecting .whgther or
not the usné]?g?ésr’ S\?’girscgn a%ét§¥3\8k\?\g{r£lzs%§ti§§1%:an %&dtgrsst'g §'§eﬁ|eg\ge'nt |es, t wo
dat a spOrcaO©27ld,, o272 ACE”i fipltt, &wd tthe pserityadtfi hd ymdsdamephodedsi ng

step 2705. Thgr‘g rst dcgtaH sgglr ce.is gr ovi ded gy n i magi ng device 114, and
t he ot her W%'9 GEEAUReY cdesy % 3§ LRy PR @jfaafacartne Pt reth@y®oar d
101 and oYK atOFty to”, which is often used by machine generated emails and
mailing lists, and this may also have an identifier associated therewith.
Alternatively, the identifiers may be boolean values, or there may be one
25 sensor associated with each of the possible recipient “To me” sub-

categories (“TO/CC/App- TO").

The information provided by the destination address of incoming emails 1605
may be input to a Bayes net 1709, shown in Figures 17a and 17b, to compute a
30 priority associated with the sender. As known in the art, a Bayes net
considers the causal relation of history data in order to modify the a-priori

probability of the occurrence of an event. A discussion of Bayes nets is



WO 001 26828 56 0 3 JUN 2003 PCT/ GB991 03605 Referring to Figure 2& the
first of the two sources 2701 outputs a signal indicative 3 JUN 2003
discontinu%}@ﬁ&8£901, 2603 that occur when a user enters a /§§¥ﬁﬁmﬁhe
vicinity o e workstation. Figure 26 presents inter-frane ITrerence
recorded by an i magi ng device such as a video canera as a function of tine,
and illustrates a user firstly approachhgg the workstation, sitting next to
it ready for use and then leaving the vicinity of the workstation. The

approach of th e r oduc initial u rd step 2600 jn the output of

the. caner 2By e uEs R 8RS SN nelonatrab T SHeh 2By iant 20 maehave

wor kst at i @Re reAdrl @6r B86h kAoWH| Schdéb0dnd & BsfRAHCRAWOTDGbEALE Bvhed RA OUL put

settles to a relati veI¥ steady | evel 2605b. Wien the user |eaves, another
e

pul se 2608Mad iprecivastirom @ sendartfontthe AgstditnebAssieawn rinFihguad, 26)ailshe

| evel tha r jLst, t . - o t 605h, using_ the

wor kst at i tSraﬁcll%sJ a@ud)é\%steaetosgﬁe'“é&%azng{ﬁggg ng.énbtzfa- 588“3& i%é’%’te 3t MH&

wor kst a8 | efhé¥6@®aple tanids ckheslebobe skritf Lsinlgt at @redfatgd nBaflingmishesgput put
whet her the user is present or absent fromthe workstation. The second data
source 276327®l¢ Nt e5etn9iReSnjiundt iPERIGH!#h FHPBFMAt PONtS rdonPtae® ffr st
data sour i N (Qr \dJ fier; I b nd user
presence. %'?ﬁggrgégsénéﬁégﬁeggﬂ?‘cgé lg%g%ss%‘;%dbg{éﬁ%\?ieﬁ fg;ﬁ/@iﬁ%%ér%g?@bot h of
t he keybodahe uBeB inhith heoribusét BOEssuamet tabhavedydbeed etiority éfdcopiethtthese

i nputs by 1 tor] their usage b nitori means. (described bel oaw). 25
Briefly, taﬂngmn%rné%rgrgphg?r?éjgﬁesda%)o%%?esr{ggn soer?s%%sa%t gc'?oar5§PWﬂﬁbE%h5Y%a
operabi@ tessdetmidritysage of sararviaus maipesliof, ikey aapdmBaUSEhaLd bANSsenand are
further operable to calculate a rate of operation of these actions over a
pr edet er mPWAT PECFIGY of time. 30 Figure 28 shows how the information
extracted fromthe first and second data sources 2701, 2703 are conbined in
order to distinguish user presence in the flat periods 2605a, -2605b shown

i n Fi gure T2 priofti8s Hoblo 2O WO 0he GRASNPGHh GRERLOS 6 & iseR286deiVing

initial state is.Unknown. |n this state on jnputs fromthe second data
sour ce 27(5%3aﬁjg‘aé'oH%"i‘ydg‘]eéa%oreﬁ?olfa"r'htealgf‘%ttbgiIg‘eée‘if:to Present when the

noni t oRENG NMEANRSaFEeAL $o a8d:I Nédd/NbKM t he second data source 2703; 5 2803
The state is set to Absent when no input is detected fromthe second data
sour ce 2703, Massagetsedt £ Me agetcbewd Reagniedayifirst sensor 2701. Wien in

t he absent state cond,.dat.a, s . akes precedence over the
first data séﬁerscs’gg%g%ﬁ%oéﬁ%ﬂnq‘ﬁl'gt'sﬁg%éé%?'é@g?ﬁ’o Background after reaching
st at e 280 ushethdtuht heidrdss field of diy incortiabeahed id apankbe dridr slopagatsy 2701
but no change of state is detected fromthe second data source 2703. |If the
second dat®BTRfR dBe2BREHEES 19t BIVIPE fRIPIOTLY HePEtt CURSRANGING 119 Y806, t he
syste i nito the Absent state, but if activity is detected at the
secong]zg‘at%k{srg%%@g%m& the state is set to Present. 15 Miiti -nodal

i nterface HoWereactheset yalued, sivhich a@fre nbartddetrecaddoassThiefdrovetiavednidat a

i nputs descri b(gd al’l)ove caﬂ al so .be useg othgi? mul ti nod interface 209 to
provi de hi GBI &"Hat 4 T8hAP PR THERev® QY §1G 458" YRFI PEPTBIPet 2 user .
Dat a from ¢muil$ enebrddiel hwiddyebendteResyienbleoth khepPohacléiyhty apalidd ed out
by the user, his famliarity with using the inputs and his reaction tines
and per ceptugpchhetithgse aARIGrEEnBRSThER Aoy thpdetsivse YHEUEPIserYakEh into
accountysaag, dghet MRt FIRRS 48Vl IAREHE bRy Thgobol ki B IS 8
description of data measurenent and processing by the multinodal 1 nterface
for the punpossholidsredd the rmad detediadtely, i bu?5n agidicticen the asei vwnay. Wien
the user has been det (éc_t ed as. present, |ﬁs desc(r}hbed above with ref%gnce to

Fi gure 28, SURRSP (fAJERS 705 oM DEEN- théReybdar L1 BRaeTHerant

should modify the weights in the Bayes net such that the next time an
email is received it can anticipate how the user will want to deal with it,

30 and suggest accordingly.



nouse 103 may be analysed in terns of, for exanple, frequency and node of
30 use thereof. The followi ng presents a brief overview of HodvJUNeZ8Y/st em
estimtesweoeinagsd i vity with reference to Figure 29 of the megeBpR¥IsNg
drawi ngs. The conponents effecting the querying and quantifying of data are-
descri bed thereafter: 0 3 JUN 2003 WD 00/ 26828 PCT/ GB99/ 03605 . 58 Every
few seconds, the | ow1|evel sensors are queried for the frequency of use of
each type of keys: 1. S29.1 Detect the rate at which the user operates, for
exanpl e, €, '-' r I S

ol ati vel § o RoRRFIES B velrto BTR o M0RES 2 1B PERALS o130 Phef ces
whi ch in besed maythendddaese fididtl at tamkirsefadter umalebehamgbiiddevelesnaifs ftatess; 2.
S29.2 Detegct the rate at ich the user operates a text key, in this case
the "retuf OWI?éy.E‘I—baé\ﬂ/”%ggCW 'tsh‘zeﬂ"ée[c[mﬁewgya~V§'Hﬁi'8398§3%"‘fﬁe@n1et°r’or rate
and hencenigisapbitihchidfl 611RSSo iHBErahcO! her tHie ks asiab, ase ¥ankiPBtisol keys
and nouse novenent can al so be analysed in order to detect usage, as an

i ndi cat® osebeadelrt®ss, at step S29.2. Current values are conpared wth
user - i ndependent v S Vi redef ergin u tq. determne the activity.
15 One way oﬁ %pl%%n%ﬁtisngﬁrsegcé grr%oonitzwgr ?’%S'riés}gﬁﬁ S‘Ef’r §{neag? iR ﬁ|vget'}r &"30,

whi ch shows @ngdrudredd tankedg oni;t ori ng means 3001 , 3003 corresponding to
nmonitoring of text keys (such as the "return" key) and del ete keys

respect i val yif B8 &N &t it ReRiEdntiehy oo AP heanh e BRIS GivEDPREM RN TFIEM
sensor) frequenRGyg ang gi me-out detectors. 20 Figure 30 shows nonitoring
means for nonitoring two events - text key usage and del ete key usage 3001
, 300310Qeheif wneestnsil rmschears cohizsetd seved! bttara, tmmensiihis earkedbwitlhet ect ed
by correspondi ng _nonitori means (not shown in a Figure): 25 Text keys
usage 3001 ;anlfﬁf’@ftémﬁgfgq%gage (i ncl udes backspace key) 3003; Control
keys usaga ({fNdHeUe@sil’ i8Nshrt of NOMRailing PiRg@hsAMpRktanke raMRURE JTBEL @9;be MOUSE
drag speed; 30 Muse click usage; Muse notion and drag directions. 03
JUN 2003 WO 003 26828~PTRERESE03605 59 Referring to the two nonitoring
means shown in Figure 30, the sensor detectors 3009, 3015 detect events
relating to use of the text and/or del ete keys. The frequency detectors 301
1, 3017sr d¢aiwiNiebé nfinaier®doiodntHat ormet fise dBasankidet eglies sde3@0iBed 38ds eanek
thereby nonitor rate of use of the 5 above events in real-tinme. The
time-out dOtERRISF SNSoYRt IBOAGCHICR; FRG ITPPERBFY SITHWAHEC 87 PARYEHE™ sensor
detectors 3QQ8ory364 anidil 9{ dRE ih@ivitRILUTeRe WNBhERGe JNtICYRRE. RS seceny red
during a given period of tinme. The frequency detector nay use time-stanped
i nf or mat i oBaYesomet hk7€8ngde tatkérgorcanoget earniniavier dat refedmft hiene i bie- out

det ect or Irrﬁo%tg(raurngt&ed%tsgrc% behaviour with respect to the reading of incoming

20 emails. One way of learning these rankings may be to maintain a log of
incoming and outgoing emails, and this information may be stored either by

the email assistant itself, or in a user profile stored in the database 247.

Subject data:

25 The data 1607 concerning the subject field of incoming emails will now be
discussed in relation to Figure 18:
e At step S18.1, the subject of the incoming email is detected from its
header;
e At step S18.2, a profile of important subjects is developed, pertinent to
30 the individual user. For example, if a user has recently sent a number
of emails using the same title entered into the subject field, the title of

the incoming email is deemed to be important to the user. It will be



10 determ ne | evels of use (including periods of inaction) of the inputs.
In operation, and with reference to the del ete key mnitori%gﬁl ns...003, a

del ete ke r 3015 sends the timestanp of each del et e to a
frequency}cvcfsej@sezg%s? 3017 which determ nes the rate at whi che]? oag(sete

keys are being used. Data recorded by a corresponding tinme-out detector
3019 may be conbined with information fyemthe frequency detector 3017, and
the frequency detector may performa statistical analysis thereof. The

statistical analysis i ncl ude conputi an average of tinestanp

di ff erences ”B‘Bteﬁ\%té’r?de{}%t?,cggm S ?%Bg%f%c‘?q{" PR eCIHBIIRI SRR this
data i s usethel @ska8Nko tilEnty eBSeleBY ChreQbnidIRN4SSE - tHel s¥inle! 1O URIgRSt 00d
that the system can nonitor the usage of the delete key and the return key
under all cownbiadtoeldand thus determnmine an average rate for the user. This
average rate, nay, be ed and updated in_,a user 25 profil.e, which my be
accessi bl e fAFtor%}é?‘EeSi%%rg?%dP roggasnscl%stozfin]fh%é “°"g (%M‘F"i‘ﬂ! di)erraé‘f(iegeby
associ @ i on mékingt heompdrisoroBelwédr eid aeefiR08evdloft@ur estdp SPgihahdwhen

t he usage rate exceeds the average significantly, a condition of high
stress is i fAF@atEAl syRjeceRhipt HicorHadreaNpibidengifracyat stemn® hBy! -be applied to
assess the user's current |evel of stress: 30 Assum ng that the current
user activity is witing 0 3 JUN 2003 WO 00l 26828 PCT/ GB99/ 03605 60 | F
(Current Tértstsperatformaekpads! 8.@xmaypatathalvéI@uor entpant bé gleefepesdby

Aver age text speed} THEN State = high.stress 5 EL | F %,Curre t text speed
e o agB RN RSP T i RS SIGEo B BEM LN AF BB T PAI 35Bect)
THEN St@t @47, tsies sl@ehbSiyStodtheed useF IBbfile may include a variety of key

words that have been contributed by other assistants, and these may also

be used to decide whether the text in the subject field is likely to be of

interest to the user.

15 History data:

Derivation of the history data 1609 from previous emails will now be
described. Information relating to the time taken for the user to read or respond
1715 to incoming emails 1605 may be input to a second Bayes net 1713, shown
in Figures 17a and 17c. This may be combined with the priority information
20 derived from the Bayes Net 1709 associated with the sender, as shown in Figure
17a at 1714, in order to compute a more refined priority associated with the
sender. If an email is read quickly after receipt, this indicates that the user
considers emails from a particular sender to be important. If the user has,
in the past, taken a long time to read an email from a particular sender
25 after receipt, this indicates that the user considers emails from a particular

sender to be of low importance.

The second Bayes net 1713 relates the delay between notification and user
action 1717, taking into account the uncertainty in whether the user has seen
30 the notification or not 1719. The delay between notification and user action
1717 may be derived from a log {not shown) of sent and received emails, as a

function of dates and times. This log is maintained by the email assistant



This can be quantified by a stress ranking which nmay range between 1 and O,
where 1 = high stress and 0 = normal. 15 As descri bed above, jthaust2i0¥e of
m nd of theoweess2g8 s determ ned in the context of the currenpcves9dmwek, and
the low | evel inputs may further be used by the nmulti-nodal interface 209 -
to determine high level information such as the task defining the user
activity. 20 Accordingly inputs fromthastext keys, delete keys, and
control keys (not shown) and fromthe nouse (not shown), may be nonitored

by noni t onigy) JRARSMAS Keaqbh s AbQ¥erHM Erlﬂaflea%gﬁﬁgntt QidiedWr&it 3Ra) Ye tYPE
and frequency of use. Considering the operation of text sensor detector

3009, thep2st of m’egtcanpradif/ gacdd vest pkafiiei sTblemttrteotlmef péqe@my adégt #et or 301
1, which_determnes th te.at ,which t e%/s ar used. Data

recorded BY"% 5 '€8FSs or?d’i)rev'?usrlr\é '8°%'V8et ec or %3 2ha sﬁgl '‘To eﬁetd’ with

i nf or mat i Aetémoinetthe tirhewmyéndabe@&@m 8&idnsas descri bed above, and the
resulting statistical quantities nay be conpared wi th base val ues, which 30
are use? i ndependent, according to the follow ng rul es: 0 3 JUN 2003 WO

001 26828 RET GHBQRA05 SbE (LeXbodPoRy! st il EOMRLELr: DBSE, Yal ue) &

M st nke speed is H Cont ro key usage 1Is ext peed I's VERY
H GH (conpateditg dazetingl wakenTHENNFTASKatio MRINIY &G Miretiee (DG amd VY HI GH
are predeterm ned | evel s and pecified in the user E}Ofl | e)

|
DUt o e B nBIEhDs URabls fo TRr QSRR EnaT LERA AR Aty drar o e Bieen

events (Us@ Q@mdiRXithkeYsriveS@uAhgMRLISE tRAE - s)hcﬁnel H8€rbAChitMbliYed Ol taask: 15
Tabfe 2 TaskActual User ActionSensor Detectors activeReadi ng-onlyPeriodic

scrol | ﬂﬁgwﬂ%ﬁn%@édﬂf%@ﬂ%ﬁwm|Sﬁgdef eR0§ TYRY R TeRUcingomGIEink &1 ake
et R e L i S R
durmg the time of interest (time of mterest time that the email was not
read). The email assistant 205 could therefore receive or request inputs
from the diary assistant 211, and the date and time information stored in
15 the log file should be checked against times and durations of events
scheduled for the user. If there is a delay between receipt and reading of
an email during a time when the user was involved in another task such as
a meeting, this should be input at the node 1719 of the Bayes net 1713 as
“not seen”. This could similarly apply to the situation where emails are
20 received, but the user is not logged intoc a terminal at the time of email
receipt {user not in office, user working without computer switched on

etc.)

The outputs of this net 1713 and the first net 1709 may be combined 1714

25 using a fuzzy rule or by taking a weighted average of the respective outputs.

Alternatively, the email assistant may use information stored in the log to
calculate a priority based on history data 1609. Thus, referring to Figure
19:

30 e Atstep S19.1, an analysis is carried out of the time previously taken to

read emails from individual addresses i.e. individual senders.



When the nouse sensor detectors detect novenent of the nouse (not shown),
the direction and rate of use can be determ ned by nonitori sgugvents
associ ate i t he mouse position co-ordinates. The co-or g%l(;%g of the
poi nt er o?"qva?éQ%use are recorded by the detector and are % %8°%he

WO 00/ 26828 62 0 3 JUN 2009 PCT/ GB99/ 03605 correspondi ng frequency
detector, which fits a tine to the poi nAtL/S indicating |latest positions and a
rate of change of positions of the point'er of the nouse. The stress ranking
and user activity information may be used to nodify a 5 user's work plan.
The i nf ortrafitotteRay 18e2i MO PRt Rihdrem- BrrRATHEV G Soslergs jaceiad. be f ed
directly t0@RXIANGs thalDeARANBNLY RROWMAKER d YUEE dmallSoflEhe
.co-ordinator receives the information and if, for exanple, the user is

mani f est i ng shngér, | ievelespa$t.stif eswmilst previmssty dverat oradmyithinhlebs tthan arodi fy

pl ans that are cgrrently being carri.ed out igjorder fo red%ce the 10 anount
of informat EOFSEBHT i 't 18°PARE 0sBE IMBSIANSr MY #NGIRING BMASISSEVEP Y at t he
wor kst gt i on hagl rappiaar & 10 beowelaxed préfieus aresit Radrar thk8s&MYerb®ere
configured to only provide a very low level of filtering of incomng emails
and t el ephoméedarply ieadonitbin aateefnanmthagiwen diapitieel ingimingagmygiliis t he
user is invql i that is coupled with non-interruptible status,
the co 15 O%I('j\lyeﬁg Agmﬁngfbﬁf@st_r i%(':t t he amount of information supplied to the
user to enable himto continue without interruptions. Typically, filtering
such as descri bed ab9ve may be controlled by thresholds set within the co
or di nat or '"cQAYNE RIBAIT B IHSTULeNBRPCBES S 1AFRREGIBA WoPFE\WPUtIMeCh$RTSRFat i on
to be 1RAS§EE, N oPYhd NSe 010k MlicRAiON a8 Nec B 11 Q@neggltﬁkaﬁ?att@,m' &dhdehe 20
information is directed. If the stress ranking information is sent directly
into one of thgecaweinst ameenindoreresibns. ethantuser hie emaettiog @ eteshhortbe
assistant, the assistant.itself. wl v es ds set which a solely a
function E)”I‘COt 'ggaesrglgﬁs?%ﬁf\./érbg %'ﬁmrgh%ﬁ a ﬁj{)ﬁ{ 69\3%%5 Fc?uth’F?n&S‘SM l:r;?‘rl‘fferface
209 appl i @ iadsestesndi ied abovdateadhtind entdl BN Erangsd®anorddOto, 3003,
3005, 3007 and correspondi ng sensor, 30 frequency and tine-out detectors
may be wr FEt&EMING VIhemk the Uskade® sWHcah ram!! HAPE svandg fidthsatifeming of

data. 8 ¢ oAl WPRnthmlAVRakSedRORRRM 18s AN o GRAHAEME, e [rREhihbat e
si mul t aneous operation of the
email is given a high ranking = 1 whereas if an email was not sent within

the given time, the incoming email is given a low ranking = 0.

Referring back to Figure 16, the three inputs to the Bayes net arrangement
20 1605, 1607, 1609 are processed to provide a suggestion 1603 concerning
the relative importance of the incoming email, and these are combined to
provide a general priority of the email. It will be understood that not all of
the inputs are necessarily needed for the net 1601 to make a suggestion
1603. The assistant 205 may store the values corresponding to each
25 sender in a ‘Belief vector’, which is an array of priority values, typically
[Read Now, Read Today, Read This Week, Read this Month, Read Never],
which, when added together, equal the value of 1. The element that has
the maximum probability indicates the message’s priority. The mapping
between priority and suggestions is illustrated in Table 1 for a few example

30 suggestions.

Table 1



WO 00/ 26828 63 0 3 JUN 2003 PCT/ GB99I 03605 noni toring neans, frequency
detectors, and tine-out detectors may be used. Thus informati qngfiggnpeesch
of the noni i ans may be integrated in real-tine and a};g

determne t (g%@%%gf task. For exanple, the time-out detectors ’éég%&%ﬁ for
a signal every few seconds, 5 and this information may be cross-referenced
with frequency detector information and t,xnhe-out detectors from ot her
nonitoring neans to determ ne whether the user is reading or thinking. This
i nf or mat i GR—Fay—a-se—be—used—to—determnre—whet her the user is tired, which
may i ndi caté'9gBetietress dfletsf¥euser as descri bed above. 10 Each Sensor

det ect or .- ZAVES edhnl er, which is witten using Java
1.1 event nodel". dSfEclS!' handles an event, it tests whether
this event corresponds towgw or not. If the event is relevant to the
sensor, the event and the date thereof is stored in the frequency detector,
which is aM&liyava obj ectSuopfstiiedduBYay det ector conputes a speed of use
of events ejhgy in an ev,qﬂg vjgpendent way or in a tinme-dependent way and
stores the tinestanps of the events in a sorted-a object (sorted array) and
a counter dojveotioriThe sor$wabest2®adbjraiilt is a tool that is used to conpute
statistics relating to spﬁgd froma set of events, and in the apparatus for
identifying user activitie IS o0 ™Myor kstation is i npl enented to conpute the
medi an of the stored speed of events. The counter object conputes and
stores a speed of use of an event on a longer period of tine, so as to
provi de t hdFigiree2@eijentetas hahotmaisignesttd Thesseiore! @3 rdey dct displayed Java

obj ect that,_stores occyrrences o vent s ca ti scale that is syitable
For et ect 1RO RE per s RheTRnY o riEieBra s e Bhserwiths Fr
the first effsedioENbnNRYichEd&agg@Redfinglia@eelied Wk CITHSs@110€Wag 2dd®s

nmoni tors _eyebal | novenent of the user. The direction of gaze of the user
can be dét efvPWedPedny the Wiedr aceth usBUEhiRe fUs8l UPaY bYe diresetingiga elther
gaze to a L f i.Spl 3,4 : 12Q0 0126828
PCT/ GB99/ Oggggb%%rgt;odgfé&faég 3 tr:ligt(ES aﬁ{?ép't gwshjéa?‘e?:ﬂt] r?gl%totrgmﬁo?r;“ggt ig %rc\cé\cgggéiazng

oper ati ons.mé@heacexaPle iefdiapigyzd oOm abtleestatss desc200@d ThidUS drabemst the 836
670. Known

arrival of the email but not it's content. Thus, the user must decide
whether to stop word processing and open the newly arrived email or
10 whether to continue word processing. If the email is of peripheral
importance, it would be better to continue with the word-processing rather
than break concentration. In accordance with the functionality provided by
email assistant, the user moves the mouse cursor 2006 onto the mail icon
2003, which results in a mail priority window 2005 being displayed. The
15 mail window 2005 may contain a message selected according to Table 1
above, depending on the suggestion 1603 made by the Bayes net
arrangement shown in Figure 16, along with the sender’s details, the size

and subject of the email, and may list the recipients(s}.

20 Thus, if the incoming mail is suggested to be of low priority, the user is
immediately informed of this fact and can continue word-processing.
However, if the email is suggested to be of high priority, the user can stop
word-processing and open the newly received email message. The
message in window 2005 is a suggestion only and thus can be overridden

25 by the user if deemed appropriate.



gaze trackers consist of a TV canera directed towards the eye of the user
together with pattern recognition software running on the conputer, which 5
anal yses the i mage devel oped by the camera in order to deternmfng JUNe2003

di rrecti on ofovireem®f the user. This is correlated with the ceof/cgusedsoon of
a display being viewed by the user so as to determ ne which w ndow or
region of the display is being viewed by the user. The inmagi ng device may
alternatively be a camera suitable for ug® in videoconferences and which is
10 capabl e of providing around 15 franes of inmage per second. Changes in
the canera view may be observed by cal culating the difference between

nei ghbouring frames in correspondi ng pi xel positions to output inter-frame
temporal i r AAnBicatien fsemailspaivel imayi kpufertpgr cont®ligdnby priority

nodi ficati varg gt i al Lk f i nvent i .whi ch
is int endegn ec?%gghvsér %31 I %g%?‘HLet'a{nieg%és&a2 con”i?)é:\g%t%i gﬂg{rgﬁe? hseuclhnaﬁ?r/ﬁ) fual
nmodes of openatdieplagé winenvaié qursoratyskekteeds adesetaibechiber eir nsatisriod ld  be
understood by those skilled in the art, the invention described above 20
may be eRrbE &N iGPNGHECD{SHEN s Bt FHareShr BEHaing!Udgses BEAP HOMWITEs TBEN be
contained qEaMAET Ok, t banH-asiiany andeall S0riagqBRAl Uk SR 35 avbhoppy
disc, CO-ROM or nmagnetic tape so that the programmes can be | oaded onto
one or nor supshEmtdE!lypuwriposse ouepubEes, diutcediisbes dinenineaded anveifyathe
conput er networ k. using a sui ta}blg tr:;[msrri.ss' onkrredi um 25 Unl ess the
context cl e Of S Ted" GPREVIGLY & ﬁ?%’ﬂsgar#oiﬁs fhe description and the
clains, thernwedsve ppFgEduUSEs for ESNPHIng 41 upBELIEN@riorke sERIstR B @41t r ued
in an inclusive as opposed to an exclusive or exhaustive sense; that is to
say, inl1Phemagiediigstratettbydhagolowinthexampidited to". 30 0 3 ~uN 200 ~s

CLAIMS 1 . Apparfaligqd Qhril %Bfi%’! PR el S ofing {LIREGhoLE rﬁé‘crfe}"?%si h a
schedul i ng system co?rprl sing: s |a) I'nput means “f or recer vl ng: ar) event
i dentifying dakaed onpihiesitnge aderitdeimig par@medters;a processabl e event; and (b)
a fuzzy logic_statenent assocjated with t recgﬁ);toce sabl e event, the fuzzy

I ogi ¢ st at ererd"®i RI@RAPH Y S &/ BYiCAS| HHPHR farfavssniiet gRAyrrulanarg )
means for stopispd:to(@ImpuaNE drileRly! WHiBE idahas 20¢mbMatlAMPOF& IR BhRT ence

i nformation associated with said event identifying data; (111) nmeans
arrangedbst o acoelysing Eénpuealinsghedirdrestarhe andnpey abe ddéredfidtde 1frgmbeiang
arranged to stor.e.allocated tinmes in respect of at |east one previously

al l ocated eve te;le vector

e The priority is output from the email assistant 205 to the user, together
with a suggestion based on the priority value;

e |f the priority is Read Now, and the user chooses to read the message

20 later in the day, the message is routed to the ‘Read Today’ list;

s The email assistant 205 iearns how the user has handled the message,
and the ‘Read Today’ element is given more weight for that sender
and/or subject field in the relevant input parameter computing
mechanism (e.g. Bayes net - address list, history data; fuzzy logic rule

25 - address);

¢ The next time a message arrives with corresponding features, the email
assistant 205 computes a new priority based on the user’'s preference
learnt during the previous interaction.

¢ Ultimately the email assistant 205 may learn the user’'s behaviour and

30 reaction to messages of computed priorities, in order to automatically

organise and sort incoming messages based on the learnt behaviour.



(iv) processing neans for: (a) applying a predetermined function to convert

the received fuzzy logic statenent into tenporal preference i QURBg0PN;
and 20 (b) reyiewng tenporal preference information corres ' 1 he
AR G

at least o usly allocated event, together with the te

preference information for the processable event in order to identify an
available tinme for the processabl e event _i.zn the tenporal schedul e that
satisfies the tenporal preference informgh on both of the or each
previously allocated 2s event and of the processable event. 2. Apparatus
accor di ng tiheappad asshtaphdOpraediang T HaemidteiAes 4net shewabpahigu® & ur t her

conpri ses rg%n}etp?%%g}qe[]ﬁ@{lﬁ_Jig%ggggotx%} e tli'ﬂF, }aﬁgﬁﬁﬁﬂzjh el g%kq to

al erting nmeans outputtin ert signa e event that
avai |l abl e tiiew the ehwmilseimpldstal cecdspduldeng vafthiechSomivt hatdegsdlisdpabale.

reference _information. 3. aratus ,accordi ng to, cl ai. or claim?2,
Pher ol it Modiner (BEY <t AL Siaiama: Caraoanycll Foafo Py tyRehpal e
i nf or mat oneleva®t sd, UNnZHOR aPB Aac ARl atvis pap sl Hendistdr Hled 80 Bvaldper ei n

the processing neans is further arranged to_review the said stored
constrai nt dnsf Shemasrstinggat kardilfahreading  r Bvaitusenfiviertacieonay eglspveldei n

respect - of 4d)6, PLOGRESER) 1P Clory ded. 8F UStartiard dERLH T, A3 YAl bl & Li e
for the processabl e event that Satisfies bot types of constrain

i nf or mat i onCdmpdyzpamatiusption. schedul i ng a neeting between two entities,
including a plurality of apparatus according to any one of the preceding
clainms. 10 6. Apparatus according to any one of the preceding clains,
wher ei n1bhef Mgzenkoghs statement far a processable event describes both or
ei t her of: (|%)’ a preferred start time for the processable event; and/or
(i1) a preferred duration for the processable event. 15 7. Apparatus

according to an ne, of the precedi ng cl ai wherein.the tenporal

pr ef erence ﬁﬁf"&';rl qt F’B?lwfso? 8 %TSE'SS%%B 2" eo\rfg?ltty ol ?rLﬁ‘s'xes‘mBEeéPng? e \%ﬂ ues
associ at ed wid brdilf §&ienht rEsneetbMrngtentdilst btre@Se M8l aerApparicapltkeacger di ng
to any one of the preceding clains, wherein the fuzzy |ogic statenent for a
processabl ebeveditinged cFEPessHiptnnor ef W dotite @GN01a” pvishdsi A atafidsst e

o ST PR 18 B SIS BB VoSl
means i s botrfeseagei 2h@8. ¢f :has the effect of running incoming mail through the
commands of the script rather than allowing the mail to sit in the in-box.
The script copies the message 2103 onto a local disc 2105 with an internal
number and concurrently updates the current mail count 2107 in a file
20 stored on the local disk. This process is event-driven and provides the
interface between the email assistant 205 and the Unix platform.
The email assistant 205 may be written in Java, and may thus have a
plurality of threads that are capable of running concurrently. A Java thread
2109 may be used to check the mail count periodically, such that when a
25 change is detected, the corresponding message 2103 is retrieved using the

email number 2107.

Thus, the load on the mail server is reduced through delegation of the
reasoning process to the local machine (client machine} that the email

30 assistant 205 is running on.



(i) a graphical user interface operable to receive fuzzy |logic statenents
via the keyboard; (ii) and/or a speech interface operable to receive tuzzy
logic statenents via a 30 speech synthesising system 10. A rgeghudt 2003

al 'ocat i ngveo vé/ma828 t h respect to an event in a schedul i ng SBG1/6BP9/03605
conprising the steps of: (i) identifying a processable event; 0 3 suH
zorb (ii) inputting a fuzzy |ogic statenent associated with the processabl e
event, the fuzzy logic statenment identifgiing a duration and a start tinme of
an event; (iii) converting the fuzzy logic statenent into tenporal

pr ef er ence TeitpponBlasestassoci ated with the processabl e event in accordance
wth a predetermined 5 function; (iv) storing: (a) event identifying data;
(b) tenporal preferences associ at ed with the event identi fying data; (v)

accessing A {EAAl RENRLe O oBhaE00 Al FRLRd ! TS LAY ESRRL SR

| east 10 one previously a reviewing te

pr ef er ence récehvaxinmt a(DBeCOt’/éreﬁﬂGﬂdhmgcdt@n‘s heka*.: d efsphae apﬁ«evaraus,{/mch
al l ocated event, together with the tenporal greference i nformation for t he

processabl & &¢BREAIVNSIGNERE T $he Jumt |ef‘3/b°£dm§0 idegpriged jaRoveprfof Hahich
processabl ge6¥48tioh B ithe &;eermmétlteﬁﬁb%ul Eedrgivepatingf ifsp M}fe %Qgg&rrﬁ'

preference information 15 of both the or each previously a | ocat event
and t he pr@&dsisabies wyarnage g userhs mmmd\gatﬁd:mfmmcaib eV aiemioking realthi ch

t he reviewing ste Vi. udsthe rermvn aII fot

st or ed evenfgeefnﬂr%{rhé)nfgﬁr‘g% ar s%eheC ?ao rﬁjgal Imc?cafileﬂgf' C%“t Q[r}
and durati eaxdriinghealpr msgakﬁreu@\b%ntafewveuqh &d hmatf&iétﬁatnarrtfoimaﬁoartd
duration maxi m se the preferences corresponding to the processabl e event;

(c) all BRathe@henaralimes and durations to the stored events until all of
the stored events have been re-entered into the tenporal schedule; 25 (d)
quantifying preference satisfaction, which preference satisfaction provides
a nmeasure (ﬂefhmmg/veblFighee rﬁ:éf er Bages ressatamdademi 2A20dactanobet hee®xtost i ng

events have been satisfied.in the allocation e c); and (e) repeatin
S ons (o ERaT el SaaTIng L e P BeatrieS ity Gl R dshieDign thel GPCay
for all everios a3@ data MoRPLROWiAGCHIHitaBT 12207 d Med Gntd BhoviNee 23 B1E as

reviewing step (vi) includes the steps of: (a) renoving all of the stored
event s ﬂgomhpmgw e porfdgurec Ard neoutput 2203 is provided to control answering

of incoming telephone calis.

Referring to Figures 22 and 23a, the priority associated with each calier
may be represented in a Bayes net 2301 tree, located within the

20 arrangement 2201, where each branch of the tree 2301 represents a caller
that the user may expect to receive a call from 2303, 2305, 2307. There
may be an additional branch, represented as ‘other’ 2309 in Figure 23,
which is used as a default to filter calls from unknown callers. The CLI of
incoming calls may be used as identification data in the Bayes net 2301,

25 such that when an incoming call is received, the telephone assistant 207
uses the CLI to search a database for the corresponding name of the caller.
This database may be either stored within the telephone assistant or within
a user profile, preferably located centrally in the database 247, to be
accessed by the telephone assistant 207.

30
The conditional probabilities 2311, 2313, 2315 of the Bayes net tree 2301
are initially set so that all of the calls are accepted. The telephone assistant

207 can then observe how the user manages the calls, and refine the



0 3 JI~H Z003 68 (b) organising the processable event and the stored events .
into an order in accordance with tenporal preference informatg gnyunepdsi ng
to the pro able event and to stored tenporal preference i and
; and (c) gﬁ?@% g 8ng start tinmes and durations to the stor eﬂaﬂéﬁy&/d:’g&
processabl e events in 5 accordance with the order. 13. A nethod according
to either of claiml1l 1 or claim12, in Wg%zch, when the tenporal preference
information for a processabl e event describes an end tinme and a duration
for the processapl e ev,eg,t, the reviewing s 35 (vi) includes the steps of:
10 (a) iderﬁ’f?t??jq'lr'\ﬁespé’f’it s i &2VEP eN§in K. §ié d th e ANer i HMilge toe iR al
schedul e Whglcabdd of thderavanbsaindirg. been al l ocated start tinmes; (b)
conparing the periods with the duration of the processable event; and (c)
providing a notification to the user if the duration of the unassigned
periods are.less than . the durati.o t he processabl e event.,. 14. A

et hod of IMFOBRY PRGN AL TEFeRT 0l Hie MTerEe aleorfima 208 iR i of
clainms 151 digryldssibeimtt he1 prasess abl giaey aiiitries \@hidhetridichtBeinageiheduser
plurality of entities, the nethod conprising the steps of: (a) sending a
first prefdyasedlapnagd GotgioPtivetes Relaiingsto thensallar idemdlied @st degeried
further te I e e. eéiéul j\Hi-Ng cqnd
preferred @%’@bﬁﬁgﬁ%oﬁ] '&Eéréoﬁ(rg%%qg?w%re%gégﬁ] scﬁgdlr]?{e:,eie'vahfiq’cﬁﬁ%@@oﬁ‘d
preferred tHigerep23b od Hiasisbaien pcaredssiedirt theaeoongeémieot 22104r. dthet eeqroTdl
preference inf tion relating to.the further te ral schedul e; and 25
(c) conbi nify ?%E?f'?arsstasam?“%%'p . mPRFAPFR Pt ftheergggrqe@(?g B t§§ ??Jﬁeélsi ocat e
a time 49 tiBentiBet WHich hat inpaki fbhesther 8hoesenses wde 1801 eABQE®Mer with
preferences of both tenporal preference information. 15. A nethod according
to cl ai m 14nfermagitrchelgiinbeto grhesbeh opfnot3the juset H@sppovestingl schegdariad

and/or (ii) the.,te al e t n ociLated w,th the . .

pr ocessabl ew'et\BeWte ?Sé)'%erht gg&drnﬁéﬁﬁgﬁogrng%)ﬁir%afurgigrr g%n g’?’ \é%ebx(ipéwf'ﬂqe'ty
keyboard. of0maetifif] hree2i@d3yp8-afd fréquédppanaicaisiaccording to clainms 1 to 9,
further conprising a plurality of intelligent autononous systens that help
the user with certain conputer based tasks.

15 o Time of the meeting in relation to time of the call 2319. This

information may be available via the diary assistant 211, and passed to
the telephone assistant 207 via the message passing described earlier;

¢ |s the meeting work or play-related (e.g. business meeting or leisure
meeting) 2321;

20 ¢ How frequently the caller makes calls to the wuser 2323. This
information may conveniently be stored in the database, against the
caller’s ID details.

Furthermore, the diary may contain a diary entry indicating that a call is
expected, in which case the net 2317 takes this into account when
25 prioritising the incoming call. Also, the diary may indicate that at a
particular time, the user is uninterruptable, in which case call answering
will be barred automatically. This information may be incorporated into the
second Bayes net 2317 in a similar manner to that described above for the
type of meeting 2321.

30
When a call is received, and the above information has been extracted and

processed in the second Bayes net 2317, the telephone assistant 207



5 17. Apparatus according to claim 16, wherein the intelligent autononous
systens include at | east sone of an enmil assistant, a tel ephone assistant
and a web assistant. 18. Apparatus according to claim17, ind 3idiUNg28Eans
responsi ve Wo@@ss28nput 10 signal indicative of a state of m REX/GBI%0366Ser .
19. A conputer program conprising a set of instructions to cause a conputer
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5

The above procedures for assigning and updating priority status to a phone

call may be illustrated by the following example:

e The assistant 207 translates the number with the name of the caller in
the database, then checks for triggers;

10 e Assuming no triggers have been set for this caller, the assistant
computes a priority for the call by inputting caller information,
frequency of calls received from a person, diary information into the
Bayes net arrangement 2201. This information is propagated through
the net to provide a priority;

15 & Assuming that the user interface 2401 has been set to ‘filter emails’ at
2405, this computed priority will be compared to the selected value and

the call processed accordingly.

Implementation
20
One implementation 2501 of the second embodiment uses BT Callscape ® 2503
to interact with a Public Service Telephone Network (PSTN) analogue telephone
line, as shown in Figure 25 of the accompanying drawings. Callscape is a
product of British Telecommunications Public Limited Company which provides
25 computer telephony integration (CTl) and calling line identification (CLH. It is
available as an external hardware device that connects to the serial port of a
computer. Telephony events (lifting of receiver, receiving incoming calls, sending
outgoing calls) may be processed by an application running on the computer. The
telephone may be a Meridian ® digital phone 2505, which uses a Meridian
30 Communication adapter as a hardware board located in the telephone handset,

which also connects to the serial port of the computer.
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the thread, which then notifies the telephone assistant 207 with the CLI.

Multi-modal interface

10 Referring to Figures 1 and 2, apparatus according to an embodiment of apparatus
for identifying user activities at a workstation may be provided by a mufti-modal

interface 209 arranged to identify such activities.

A multi-modal interface 209 is provided between two separate entities, a

15 human and a machine, which are physically separated, but are able to
exchange data through a number of information channels or modes, such
as via a keyboard 101, display screen 103, mouse 105 and an audio
channel 113. The multi-modal interface 209 is primarily used to process
what a user explicitty communicates to the machine, but it may aiso

20 extract information implicitly, by observing user actions. This may be
described as obtaining high-level information about the user by observing
low-level modalities, such as the keyboard 101 and the mouse 105, and
this information may be used to provide user-friendly interactions and
additional functionality.

25

Multi-modal Interface: Detecting user presence:

Referring to Figure 27, a first embodiment of the present invention is
concerned with detecting whether or not the user is present at a
30 workstation. In order to achieve this, two data sources 2701, 2703 are
input to the user activity data processing step 2705. The first data source
is provided by an imaging device 114, and the other of the data sources

2703 is provided by data from the keyboard 101 and mouse 105,
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user feaves, another puise 2603 is produced in the output.

As can be seen in Figure 26, the level that occurs whilst the user is present
15 2605b, using the workstation, is much the same as when there is no-one
present at the workstation 2605a. It is therefore difficult to determine from
the output whether the user is present or absent from the workstation. The
second data source 2703 is thus used in conjunction with information from

the first data source 2701 in order to differentiate between user absence

20 and user presence.

The second data source 2703, may be provided by either or both of the
keyboard 103 and the mouse 105, and data may be retrieved from these
inputs by monitoring their usage by monitoring means (described below).
25 Briefly, the monitoring means comprises sensor detectors, which are
operable to detect usage of various types of key and mouse actions, and
are further operable to calculate a rate of operation of these actions over a

predetermined period of time.

30 Figure 28 shows how the information extracted from the first and second
data sources 2701, 2703 are combined in order to distinguish user

presence in the flat periods 2605a, 2605b shown in Figure 26:
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from the second data source 2703. If the second data source 2703 persistently
fails to detect any activity 2806, the system will return to the Absent state, but if

activity is detected at the second data source 2703, the state is set to Present.
15  Multi-modal interface — for activity and state of mind detection

The low-level data inputs described above can also be used by the multi-
modal interface 209 to provide high level data such as the level of stress
exhibited by the user. Data from low level inputs will be dependent on the
20 activity carried out by the user, his familiarity with using the inputs and his
reaction times and perceptual acuity, among other factors, and these
should be taken into account when determining stress levels from such
data. The following is a description of data measurement and processing by
the multimodal interface for the purpose of state of mind detection in

25 addition to activity.

When the user has been detected as present, as described above with
reference to Figure 28, data inputs 2703 from both the keyboard 101 and the
mouse 103 may be analysed in terms of, for example, frequency and mode of
30 use thereof. The following presents a brief overview of how the system estimates
user activity with reference to Figure 29 of the accompanying drawings. The

components effecting the querying and quantifying of data are described thereafter:
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1. S29.1 Detect the rate at which the user operates, for example, the

“delete” key. For example, usage of the delete key at a relatively
5 high rate may indicate that the user is making many mistakes which in
turn may indicate that the user is under high levels of stress;

2. S29.2 Detect the rate at which the user operates a text key, in this
case the “return” key. Heavy use of the return key 0 indicates a high
error rate and hence, possibly, high stress. Use of other keys such as

10 control keys and mouse movement can also be analysed in order to
detect usage, as an indication of stress, at step $29.2.
e Current values are compared with user-independent values via predetermined

rules to determine the activity.

15 One way of implementing such monitoring is illustrated in Figure 30, which
shows a plurality of monitoring means 3001, 3003 corresponding to
monitoring of text keys (such as the “return” key) and delete keys
respectively. Each of these monitoring means gathers information from
sensor, frequency and time-out detectors.

20
Figure 30 shows monitoring means for monitoring two events - text key
usage and delete key usage 3001, 3003. Other events, such as those listed

below, may similarly be detected by corresponding monitoring means (not

shown in a Figure):
25 e Text keys usage 3001;
e Delete keys usage (includes backspace key} 3003;
e Control keys usage (includes ‘end’, ‘home’, ‘page up' etc.);
¢ Mouse motion;
* Mouse drag speed;
30 ¢ Mouse click usage;

¢ Mouse motion and drag directions.



10Y$10% & ()-"10% & () -
"10% & ()-!$10% t & ()-"10% & ()-fyL' $10% & () - >f aBPE: !

1
103- " 10% 0% & ()-1, L' $100%u& ()- 3% 10% & ()- &s" 193y 200 .
10% & () - %’t d@”}%“-‘%t %%4“3&3503605

10t 18" 10% & () - 2f 37$10% & () - Y5" 10% & () - FO" 10% & ()-F0" 10% \ & () - S@ $10% &
“()-(txY:/ 10t

1098& ()-"109B& ()-f"109B& () -" QLOUX& (?9 9109B& () - 1098& () &$10t ERdB: /
i0t!, $10 " 109B& f 10%3&' " 109B& fY"'1098& f &$109B& D
YdE: / 10@%%65/@&' 3’32’ 1H9ikorH Tfe%&s%&v” gL0oAsk ¢ )CSS)@# Ib%a%?r(S)Ofg)s
" 109B& ()dé/t@rc%rs]-@bbgo/@oﬁ% égté@& dVentd ORR Bo_use of the text and/or

10BB! f 5#10%BB& () - F! f 5#10%BB& () - FF90! 109B&’ () - zZF#p}T <r34

10s#10981¢lpte k#1990 h& f(dquencylds@ctors IQ1 (. 180@BKeckive information from
UL, " 100 0 o 0 i
1008 () 5 SBasT SelerRE R EP g R Vs thérbb PSS (i By TG bl

103! 10%Ralh g veS23vER¥E&n ( )ed@iRIGE ) tintd-3 QVeb& o s - Y3, HPAS didnvilSbly
109638 ()-uV7_ 10"S10% h& ()-s 10% h& ()-10% h& ()- 10HH 10HH 10HH!
7#10%44H& (95915 10b%eR aticra a0 Vel (o189 HigteFtors 030A%: (3QF9 {i@r podshdo() - |

110% h& Qiet?érmme whether an event has occurred during a given period of time.

The frequency detector may use time-stamped information from the sensor
detector together with data from the time-out detector in order to detect

10 determine levels of use (including periods of inaction) of the inputs.

In operation, and with reference to the delete key monitoring means 3003,
a delete key detector 3015 sends the timestamp of each delete key stroke
to a frequency detector 3017 which determines the rate at which the
15 delete keys are being used. Data recorded by a corresponding time-out
detector 3019 may be combined with information from the frequency
detector 3017, and the frequency detector may perform a statistical
analysis thereof. The statistical analysis may include computing an average
of timestamp differences between events, shown at step S29.3 in Figure

20 29, and this data is used to rank the stress level of the user.

It will be understood that the system can monitor the usage of the delete
key and the return key under all conditions and thus determine an average
rate for the user. This average rate may be stored and updated in a user

25 profile, which may be accessible from the co-ordinator assistant 305,
shown in operative association with the multi-modal interface 209 in Figure
2, so that when the usage rate exceeds the average significantly, a
condition of high stress is indicated. For example, the foliowing algorithm
may be applied to assess the user’s current level of stress:

30

Assuming that the current user activity is writing
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State = high stress

5 ELSE IF

(Current text speed <= Average text speed) &

(Current mistake speed > Average mistake speed)

THEN
State = tired
10 ELSE

State = normal

This can be quantified by a stress ranking which may range between 1 and
O, where 1 = high stress and 0 = normal.

15
As described above, the state of mind of the user is determined in the
context of the current user task, and the low-level inputs may further be
used by the multi-modal interface 209 to determine high tevel information
such as the task defining the user activity.

20
Accordingly inputs from the text keys, delete keys, and control keys (not
shown) and from the mouse {not shown), may be monitored by monitoring
means as described above with respect to Figure 30 for type and frequency
of use. Considering the operation of text sensor detector 3009, the

25 timestamp of each text key is sent to a frequency detector 3011, which
determines the rate at which the text keys are being used. Data recorded
by the corresponding time-out detector 3013 may be combined with
information from the frequency detector 3011 as described above, and the
resulting statistical quantities may be compared with base values, which

30 are user independent, according to the following rules:
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Mistake speed is HIGH &

Control key usage is HIGH
OR

5 Text speed is VERY HIGH (compared to base value)
THEN

TASK = WRITING

Where HIGH and VERY HIGH are predetermined levels and may also be

10 specified in the user profile, but are user-independent.

Table 2 presents a general correlation between events (use of text keys,

use of mouse etc.} and user activity, or task:

15 Table 2
Task Actual User Action | Sensor Detectors active
Reading-only Periodic scrolling Motion speed
Direction
Writing (text) | Typing Text, control, mistake keys
speed
Drawing Mouse use Motion, drag and clicks speed
Programming | Change of active | All keyboard or mouse speed
window Text, Control, Mistake keys
Typing

When the mouse sensor detectors detect movement of the mouse (not
shown), the direction and rate of use can be determined by monitoring
mouse events associated with the mouse position co-ordinates. The co-ordinates

20 of the pointer of the mouse are recorded by the detector and are passed to the
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When the co-ordinator rece|ves the information and if, for example the
user is manifesting high levels of stress, the co-ordinator may inhibit or
modify plans that are currently being carried out in order to reduce the
10 amount of information supplied to the user. However, if the user is sitting
at the workstation and appears to be relaxed, the co-ordinator 18 may be
configured to only provide a very low level of filtering of incoming emails
and telephone calls in order to keep the user occupied. Similarly if the user
is involved in a task that is coupled with non-interruptible status, the co-
15 ordinator may restrict the amount of information supplied to the user to
enable him to continue without interruptions. Typically, filtering such as
described above may be controlled by thresholds set within the co-
ordinator, and these threshoids may be a function both of the information

to be passed on by the co-ordinator and of the assistant to which the

20 information is directed.

If the stress ranking information is sent directly into one of the assistants,
for example into the email or telephone assistant, the assistant itself will

have thresholds set which are solely a function of the assistant.
25

Implementation

For the multi-modal interface 209 applications described above, each of the
monitoring means 3001, 3003, 3005, 3007 and corresponding sensor,
30 frequency and time-out detectors may be written in Java to enable
concurrent monitoring and gathering of data, although use of Java is

inessential. Any language that facilitates simultaneous operation of the
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Java 1.1 event model. When a sensor detector handies an event, it tests
whether this event corresponds to it or not. If the event is relevant to thé sensor,

the event and the date thereof is stored in the frequency detector, which is a

15 Java object.

The frequency detector computes a speed of use of events either in an event-
dependent way or in a time-dependent way and stores the timestamps of the
events in a sorted-a object (sorted array) and a counter object. The sorted-a
20 object is a tool that is used to compute statistics relating to speed from a set of
events, and in the apparatus for identifying user activities at a workstation is
implemented to compute the median of the stored speed of events. The counter
object computes and stores a speed of use of an event on a longer period of
time, so as to provide the time-dependent information.
25
The time-out detector is a Java object that stores occurrences of events over a

time scale that is suitable for detecting long periods of inactivity.

The imaging device described in the first embodiment may be a gaze
30 tracker, which is a device that monitors eyeball movement of the user. The
direction of gaze of the user can be determined and the user can use this

feature by directing his/her gaze to a particular part of the display 103 in
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25

Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising” and the like are to be construed in
an inclusive as opposed to an exclusive or exhaustive sense; that is to say, in the
sense of “including, but not limited to”.
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7. Apparatus according to any one of the preceding claims, wherein the

temporal preference information for a processable event comprises preference

values associated with different respective start times.

20 8. Apparatus according to any one of the preceding claims, wherein the fuzzy
logic statement for a processable event describes both or either of:
(i) a period in a single day; and/or

(ii) a period that extends over a plurality of days.

25 9. Apparatus according to any one of the preceding claims, wherein the input
means is both or either of:
(i) a graphical user interface operable to receive fuzzy logic statements via the
keyboard;
(i) and/or a speech interface operable to receive fuzzy logic statements via a

30 speech synthesising system.

10. A method of allocating a time with respect to an event in a scheduling
system comprising the steps of:

(i) identifying a processable event;
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stored events have been re-entered into the temporal schedule;

25 (d) qguantifying preference satisfaction, which preference satisfaction provides
a measure of how well the preferences associated with each of the existing events
have been satisfied in the allocation of step (c); and
(e) repeating steps (c¢) and {d) until the preference satisfactions have been
maximised for all events.

30
12. A method according to claim 10, in which the reviewing step (vi) includes
the steps of:

{a) removing all of the stored events from the temporal schedule;
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f-10%¢& () - %Yporal#pre{e)rence information for a processable event describes an end time and
a duration for the processable event, the reviewing step (vi) includes the steps of:
10 (a) identifying periods that are unassigned to events in the temporal schedule
when all of the events have been allocated start times;
(b) comparing the periods with the duration of the processable event; and
{c) providing a notification to the user if the duration of the unassigned periods
are less than the duration of the processable event.
15
14. A method of allocating time to a processable event according to any one of
claims 11 to 13 when the processable event is a meeting between a plurality of
entities, the method comprising the steps of:
(a) sending a first preferred time period from the first temporal schedule to a
20  further temporal schedule;
(b) the temporal schedule receiving a second preferred time period from the
further temporal schedule, which second preferred time period has been processed
to account for stored temporal preference information relating to the further
temporal schedule; and
25 (c) combining the first and second preferred time periods so as to allocate a
time to the meeting that satisfies preferences of the temporal preferences of both

temporal preference information.

15. A method according to claim 14, in which either or both of:
30 n the processable event; and/or
{ii) the temporal preference statement associated with the processable event

is entered into a graphical user interface via the keyboard.
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18. Apparatus according to claim 17, including means responsive to an input

10  signal indicative of a state of mind of a user.

19. A computer program comprising a set of instructions to cause a computer

to perform the method according to claims 10 to 15.



