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Users have to imagi ne what woul d be an appropriate action to proceed wth
in order L@ ma certain task of the machi ne domain. | 5
thereforet‘ﬁcégﬁgetssslﬁr able if the interface could guide users tptﬁ}r}(l)@g%{g%sﬁe many
options they may have at any stage of the interaction. User interfaces that
adapt their characteristics to those of the user are referred to as
adaptive interfaces. These interactive software systens inprove their 3 0
ability to interact with a user based on partial experience with that user.
The user's decisions offer a ready soure&-of training data to support

| earni ng. Every tinme the WD 99166381 PCT/ US99/ 13377 -5 interface
suggests sone choi ces, HrlikiiRUNBGrRdeRds WGBS of RRta PREATTER 4L RMnPT
rejects it, whether this feedback is explicit or sinply reflected i'n the
user's behavi ofor Ankmofmeus Agenig, igehroceddings af thecEhirddptepmatides iWaikiskop on a user
interface Natural Expression. The user should be able to express his or her
intentions as PEEH yl}éﬁ%’eﬁ’at G’r‘é}“leﬁméeé’ pBgcgi (1288Uages,¢ i%ﬁ%?%&%’?"&ﬁ%n:

| nteract ion sl dukey hidnidbiidnFraldiNaldeasol Rotltighd foogyser s i n
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of interaction,or .feedbac romthe.systemis,not necessarily desirable
Interaction i sI¥BHESHE d%%i"ﬂ?u%ﬁ%fte%f“eog%uﬂa "eﬂ'&&ﬁge"it SYFERS “ no
mor e of ten andffsdcss 6 SbvarcASiERAMNY, 1A 188Nl iy could be about

t he changi ng context of 15 interaction or application, but nore
importantly, the sysiefhaflaouAgenseoriebied Prograviaymg, Actifidied Intelbgénse Wl 66X
expressi ng her/l\g’ii i nt eg;iggn]:% Two main issues that are taken into account
in this regardgr & R8RS 5PEz5%Pon and contradiction recovery. 2 0

General i zayigon: An agant @RnesesnA B, Kdtdhpsl, SbRheHgehQ' ﬁ%{ubﬁm{swonl y

the instance that it has been taught (inplicitly or exp
CGener al i zat i on tiecAQMs Viehe&37, Noe 7 st B¥94uppA8FHt147t has | earned to resol ve

problens it deens simlar. The succ .angd .degree of general.ization,

t herefore, depend on‘%h@"eﬁ%gﬁs?‘ﬁﬁ’ ‘ﬁf‘ﬁ‘&}g@i M%P%irMyAEF%gﬁegnAaW&a‘% e

th hold th t LS ' iqgE | d dissiml
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Automating iterative patterns in interaction (for exanple, the Eager 15
system which is a Programm ng-By- Exanpl e systemthat antici pates which
action t heW@91638% going to perform next). Mst hunman- conplREHUSHHIBIT aces
today are programmed in standard sequential or object-oriented software.
Anot her software paradi gmexists, however, 2 0 which has not heretofore
been used effectively for human-machi ne interfaces. Under this paradi gm
which is known generally as an agent-based software architecture, a given
task is divided up into several sub-tasks;and assigned to different
"agents" in the system "Agents" are comruni cating concurrent nodul es, each

of whi ch handl a_part . the degi gi.on-maki,ng. process. |If the agents are 2
5 capabl e of I@%P?‘ﬁtﬁ&}t’t eI o fﬁ%laﬁohﬁg‘"%d%pa\‘}gwaggﬁ (éw“%bﬁse
exanpl es of si yhidtiealsjddbroitp@dlica@RRiirdras df i nt eracti on have been used are
as follows: Agents can be used to allow the custom zed presentati on of

i nformati on. These adeRt Kopghags; bdermationsStoraga anthBetdiewsd) ahin Wildyr& Soway t hat
can be uni que ﬁr\io f%r each individual user. Agents can act as tutors or
gui des, supple i 3 user's know edge with their own. These assist the
current tasks by proviMi REicRll AnTairbdigetibh @¥Geaditt APHHIhRNRHTPRES VAL
information. 35 Agents can be used for the adaptive search and retrieval
of information. W @ 99568834 Cyplur) LiSpolres KidSimnRrograathung Agents wppowach t o
the use of Agents in user interaction .has be rﬁt o\?c‘eﬁﬁj\g}? a |l arge bul k
of the inter act’RSASTRETHESEPBARE - Rmppicahions ph ﬁAg-aé’n ol. -/ RA8FYINg to a
centralized arcfy 41664 ure. Neverthel ess many real world problens 5 are best

nmodel ed using a Set” of cooperating intelligent systems. Qur society, for
exanpl e, consists of many interacting entities. If we are interested in

nodel i ng sone pects_of .our sqciety, it would be desirable to structure
our nodel i+t ;anmo \ﬁ—t-ﬁiéﬁexarrpl e, since data often originates
at different physical Moeﬁﬁmaﬁn&chﬁem&érﬁceasése&&ha%feqaati@errl_?gco%ﬁagﬂeda d

i napplicabl e or inconvenient. In addition, using a 10 nuriber o Sral |

si npl e adapt i vediffigahtsusen Fremaenttyfthis e doasageemempthegatveidg ourabermy featungsl i f y

the process of solving a conpl.icated proble In other words, agents
col lectivel y extqiwhigh g’ﬁé?‘ﬁ@% if XREGed Lo PIRYMICLAEACBShavi or of the agent

popul ati on as a whol eyj t ¢ UMVARY OF
THE | NVENTI O The 1 nvoRes Sat g%‘behtpgfbéfggjg’?%s @ggl%ﬁs i °@§I§h§mek§°e§'

conput er - i npkenent ed Rrbihwackeleotingrarnaion) wsgrschasel by esnsideewheter, thbyachimet wor k
of agents each of whi gfovitRE aapbréiadé adtio a0 TtdRsTRd theRFork BS BAREHIOIA Y. AN

initiator agent whi ch;}iGeRkE%ESd Rrdisd febdHabl J WSSt and does not itself
have a relevant interpretation policy, queries its 2 0 downchain agents

tobe in its dormin Sﬁeﬁgggﬁli IR delERRIS PRy ot vaé*x‘?fage’
det er mi nes Wit her it tfEefotedg ﬁlﬂsgggj?éqg‘ﬁi‘ﬁ?f %iﬂ‘;%?ebﬁg?‘f’%s %A E‘?fa’ﬁeeg plies
to the request, and i itheutbeingboprg tog limied setiof sonyigptiang pPrasetoy thaipteriagen

nei ghbori ng agents. The further agents eventually respond to such further
queries, thereby all oWiseg Hake tintagirerwhat eomid belamgepropridteadtanopodeed t he
initiator agent. The Ragiihorde? tb Pedsa b @Brt4h tdskiof tHe A [dOmidint TtrBdad ¥

ni t1ator agent 1o Sﬁéﬁggﬁjﬁgfdfgﬁ%‘@%%ﬁgg@#ﬁﬁ“&%%% SobRE PRI e

R BaCh gve naget ehvvay Akl

down each gi ven path, ent a ng any | ocal action
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User interfaces that adapt their characteristics to those of the user are

referred to as adaptive interfaces. These interactive software systems improve their
30 ability to interact with a user based on partial experience with that user. The user's

decisions offer a ready source of training data to support learning. Every time the



t hereon and passing the message on to the next agent in the path. In the

event of Wwo®9Rkisadi ction, the network is often able to resgygsdspayssof such
contradictions according to predeterm ned automatic algorithns If it cannot
resolve a contradiction automatically, it learns new interpretation
policies necessary to 5 interpret the subject nmessage properly Such

| earning preferably includes interaction with the user (but only to the
extent necessary), and preferably |localizes the learning as close to the
correct |leaf agent in the network as posst bl e Preferably, though, the

| ear ni ng takes place prior to the |leaf agent itself. 10 BRI EF DESCRI PTI ON
OF THE DRAW Nfgterfice sudgesss someichbice ftheBubiatididler sechitottlat fleadr@AaRiondrconput er
system on which software inplenenting the present invention can be

operat ed. Fi grejects i, wlretsrahiafaedback ivexglicigeraimmy reflagsedinfthavseds tehevivt. ect ur e
used in the systemgfl Filﬁq' 1. 15 Fi %{t 3 illgshratﬁs.basic.fu ctions of
agents used in the gr&dR¥RVIBREERArHATARS oy RE AesraPIB it 3 pSef INTEAGE am of a
network of agent COINB#ial Bxpreskibhli Thé Rerdgfitld 9¢ i8R &Y kgt &N RS &radron uni t

in Fig 2 gfig. 5 !sn@mﬁ&gvagmélg aRl nanraﬁ?%é\lgoﬁmm method of the main
object class. 20 Fig. 6 1s a flowhart of the PROCESS MESSACE step in Fig.

5. Fig. 7is aflo rt of the .method perfor .an agent. of the main
obj ect class in re%&uw&n{eg&gpgﬂgqacglﬁn'&%g? @E’tggtt? %ﬂ?‘g@%’}s Big. 8is
a flowchart of the mEUFdbEedperdsingdaut @éfﬁ)“’]ﬂ?éé §fap 8 pEri OENew shedhetast of an
UNADVERTI SE per f or nedd ie0r the systery Is 1 doyibhast ook dbe ussr intends tetdeoreXper f or med
by an ageritO of the rote heng that lackanfanteraction po fredback fram dhgsystdm annot

| S- THI S- YOURS? per f aieedsarilg dedtiable Ifleriastiom if donwidérad dptofurh ifét odeireotie@xecut ed

by an agent of the nRiste@ifedCho floassfisddd nbtless @ften.ves any of three possible
guery responses. WO 99166381 g PCT/US99/13377 Fig. 11 is a flowhart

detail of the PROCESg ?Szécfa {1ty o8- b abddh) thb2cipiig; éfcon't:ﬂ' d2 is a
ownars g ihe e R Sl R e

0 an%apt fo the user's way of expréssing her/his intentions
issues that are taken into account in this regard are generalization and
contradiction recovery.

20 o Generalization: An adaptable system in its simplest form will learn only the
instance that it has been taught (implicitly or explicitly). Generalization
occurs when the system uses what it has learned to resolve problems it
deems similar. The success and degree of generalization, therefore, depend
on the precision of the similarity function and the threshold the system

25 uses to distinguish between similar and dissimilar situations.

. Contradiction: A system that generalizes may well over-generalize. The
moment the system's reaction based on a generalization is in a manner the
user does not anticipate, the system has run into a contradiction. The

30 resolution of this contradiction is an integral part of the learning and
adaptability process.

. Ease of change and upgrade: The system designer should easily be able to

upgrade or change the system with minimum compromise to the

35 adaptation the system has made to users. Change should preferably be

possible even at run-time (i.e., on the fly).

Various attempts have been made to reduce the navigation effort in menu

hierarchies:



Fig. 13 is a flowhart of the method perfornmed by an agent of the main

obj ect cl sponse to recei pt of a USER- RESPONSE per Fig.

14 is a fﬁ’?ég?{&3pledet ail of alearning step in Fig 13. %&‘g}as%/Yﬁw

fl omchart of the nethod perforned by an agent of the rral n 10 obj ect cl ass
in response to receipt of an UNLEARN performative. Fig. 16 is a flowchart
of the nmethod perforned by an agent of the nmain object class in response to
recei pt of a DI SSATI SFIED performative. Fig. 17 is a flowhart of the -

nmet hod perforned by an agent of the maifRéebject class in response to
receipt of a FORGET- PROBLEM performative. 15 Fig. 18 is a flowhart of the

met hod perforned by pihd8geRteRto Hagu HBWE (ORI h in response to
recei pt of an AGENT- laézll;l‘}ECI FI ECe peorf or?ratl vcg Q E%).ts 1%9‘?@ a flowchart of the

agent -specific com% catl t| or}s whi ch can g%é) ofrred %/ a text )
i nput agent. Figs mtfis %OPF‘I%WE rptr%‘” ¢ A BERGe ‘ﬁ%tosequence
of operation 2 0 that cqrias Wé’i%‘?’R "“Iﬂr“’gm"ﬁt rﬁ‘éﬁ“beﬁﬁ‘OFhﬁ?%@%h‘é\“é to certain
typical useb voice input. Fig. 24 is a detail of the steps taken by the
agents in the networQffening-ugpes assiarcadn 2glectingredid| and apprdpriptecitatosfechai n
claimants of a nessagey-shading @disabled mumutiteals).di agram of an al ternate
networ k of agent comrunities 2 5 within the agent-oriented interpretation

unit of Fig. 2. WRARHH6RBhng a?erxlB%E%béﬁo@ﬁ?@ﬁ&ﬂé@ﬁ%af’@l@é@%%&é@” The

met hods andat echni qu ft mented 1 n
10 ﬁ%n& orcf}ﬁ?rﬂircﬁl %gé&%gg%%%&pgn@égsgoconput er or enbedded

sof tware on aI nost any type-o

processor. As an il stratlon |Ifle&,¥: nbol i ¢ bl ock

di agram of one'5 typ %aﬁﬁmcgjfg%%?%‘ﬁ?g% SEHSRES \;‘%ggga Mémenting t he
present invention can be operated. The systemof Fig. 1 incl udes a CPU I

10, which may be, foAummatmgelteratmemttem m ttapetvoedenexample, tisl Bager om
| ntel Corpamsation, Saystem,Gwvhich,is @aPriogmmmiag-HyeExaRipiel igkters thanamecipaetst 0 a

CPU bus 112, whi ch I svhichraeeien eé user ib Beingt® perferal gext)ogi ¢ chip set 114 and a
menory array 116. The core logic chip 10 set 114 al so connects to the

menory array 116. The core logic chip set 114 is further connect ed both to

an | SA bus 118 and a,RCl u t. i ter nect ed
to the PCl bus 120, gﬁ%ﬁt }ﬁjﬂs € %ﬁe\?e@&%{s}g % %f;?treﬁ m ﬁ\an%fgoard
and a nouse 12@e@!&ttﬂ@ﬁ&@é&t&ﬁleﬁ!edsd@drc mmmrmmepma@m ekﬁﬁ lgigevdd 8. The
| SA bus 1 18 is al so connected to a standard sound card 128, which 15 is

connect ed f24 t eich dasnat Bersysoracbeemmsech affectivply fre humapmagkine frserfageer voi ce

i nteraction. em of ..Fi g. rt ial rt 1 his
connected to 1 NEqEEANS Rtacih oo, Mt 485e s of B st el T o o
serial control jromsbnré 2 giek Raskas Wided UHimb sBRYal dubltaskl aRPla6sige@ @ hone
ent ertai nment system The systemof Fig. 1 further includes a hard disk

drive 140 whi chdifferentdagents daithegystere “AgenisSaresgamungating mlcﬂll‘remqudtllep,ertal ns
to the present inyention, osg,, of, t.he system of 1 is.to control
the hone ent ert $Ch W@y‘?ﬂ’aﬁfg Pﬁﬂfeﬁhﬁlgﬁﬁlﬂgg “&spéf’cqsﬁt gfrtgﬁtagec‘ms 8%urring
via the di spbaycdpame bPleathith, thélFark eeftioed b Andagiidgent26, the

Some examples of situations in which agent-based interaction have been

used are as follows:

. Agents can be used to allow the customized presentation of information.
These agents preprocess the data and display it in a way that can be unique

30 for each individual user.
. Agents can act as tutors or guides, supplementing user's knowledge with

their own. These assist the current task by providing alternative views and
additional relevant information.

35
. Agents can be used for the adaptive search and retrieval of information.



m crophone 130 and the speaker |32. In operation, when the user interface
IS activa%%dg tware stored on the 2 5 hard disk 140 is Lt o
menory 116, e9|/6fs’%fér entirely or as needed to performthe fuﬁ%f/ﬁg%zn 413 t he
system Fig. 2 is an overall block diagramof the software architecture
used in the systemof Fig. 1. It conprises a speech-to-text converter 210
whi ch receives i nput WO 991 66381 PCTI US99/ 13377 -11 fromthe m crophone
| 30) and provides textual output to an agent-oriented interpretation uhit
21 2. The speech-to-text converter 210 cgn be a conventional software
product, such as "Naturally Speaking" by Dragon Systens, New on,
Massachusetts. It communicates with the agent-oriented interpretation unit

212 via 5 standard W.ndows95 and W.ndo NT agi.ng services. The

agent-oriented int e%?@f%@ngﬂmﬁﬁpe%ﬁ%mfswftuﬁg?)?%‘ggmﬁ% ¥t H\ﬁ?ra%tlf’r?nbaét ed to

the speaker 13gn wican@nﬁh@radﬂ%@lbmmftﬁe@nts@eﬁ@mre@m\mmﬁg in%ls’ﬁlgégig%nﬁ peaker
e

132 is used for providing feedback to the user. Agent-oriente
i nt er pr et at i othugAgvertnEropgentrpbiped-rashitetusn Neyerthahess mady feplogordproblemsr ol

i f h i 38 |t further 1 i i th
the i spl ay | 3 GraMayBEARAT Ao SRS bl Safoe Ouf SBEERuE roans
for comuni catek#ifiplel dohsiéthef s intelabihg/dneitiad. [Nk infetetdd iR RD Bl sorhe

illustrates the basic functions of the t?;pe of agents that are used in 15
the present ersbpastsadour socistyyimould hexlesirable tagenetudar podgin thesaméiwae maj or

P bceast ng. uniA® SR RBREo N RS iR REPS A et R JBRBRS) oar n)
the rewards unichtralid SQBLER RObREEHappiltabls FTHBhGRRN Iy y&ﬁiﬁor{?%%ingrad, ifoit

exists, the rewards unit 314, together constitute a "white box" portion of
t he agent ,1@hirdumbehef gnall sspple addptive agentsinstgadiofl ane3drge complidatadt e naey’ bl ack
box" portion of t ent. T onmuni cati ons_uni t 2 and rewards unit 314
are referred tsbmﬁlhﬁttﬁ‘gpr%?st%esﬁg’}“g ?)585’8(3@(@, ecggrq}?}qn?.?’%eot HpyPEit 2858w,
their internal cdilitelelyQRRibRefeieft RhSyibO whkiRahe BERMOS oftht RedMh bEpuiddls agent
310 communi cates. Spécial processing unit 316 is referred to as a "bl ack
box" because issa Wholeis greatersthan thaiswp@fitaparts. o, and therefore 2 5 hidden
from the inter-agent comruni cati on mechani sm of the system The primry
responsibility of the communications unit 312 is to facilitate

comuni catj¥e functions of tgrﬁmlﬁy OFPHEIN'GENTIONCT et at i on of nessages
and routing of nessages to other agents. It conprises an input unit 318,
whi ch receives WO P Gb@Atior2GbugklY odet@ied, idIves @utompwsaygderhemed ot her

agents. These nessages nmay be in, an extended form of a standard, agent
communi cat i on maﬂgagfgrézrogeaw Babjegjypess YFE“B’@&?{%&’&FS F?’thﬁggmﬁ%as

above- | ncor por aufg dfielbwi A3 a3k RsFRIRMn N6 iR abaR MithGedRRe b LR bel ow.
As used herein, the term "nmessage” i ncludes, among other things, queries, 5
commands, and inpapregaess ahd dogsarot @self havputrelemant iedrgatidropoticy sqreees its
prelimnary processing on the jnput nessage and  passes it to an interpreter
520 The | niér pdeweﬁhmm@@cwmrmgwaPg@ticﬁm&rﬁ@@ae@sw, a1 03 ALt e
dormai n of resp i 0l . AHER As: j is
considered to ggﬂvmﬁ%%éégﬁoﬁ%%gﬁ%l n o?féé&c[)lgns%ﬁﬁlgﬁ%%dg’g&&vrgﬁﬁgggﬁt if:
10 (a) the nessia@fmined whéthér ©had in inté&pmtdtion polibe ofity 6naBf pphes toadk donai n
of responsibility (i.e,, the special processing unit 316 of the agent 310
has itsel f beerfequsst anrbif nety Sirthesgunsies B5 pw Jurther dawachaireighboriag agents: esponse

message, or  partieaii SR GRRIR Bleha B ki RulFer AGARY iR HlophRlink ",

responsi bi 134 y flrit-gueried figenBsd6 Réspoadtdthe vitiabr ageat. 1Dhedrecurdive ifvatdtivarofagent s
to whom t he nessage should be routed). Note that it is possible for an

agent 310 to fchisgratedurauliimately desermines anaths ob A setiaf petha threyshthe nerwerk

creating conpetdtign.anong agents. The inter t nif.3 refers t.o an
interpretation %Wﬂwgﬁﬁogaﬁg&to&eﬁéPgFMag%tgt ﬁéﬁ‘}éﬂﬁéﬂ}sﬁ%ﬁ‘ttr 'gg?&e i's
wi thin the doandWEadlﬁé%nédtlg'Mﬁ Y¥acH a%e'ﬂ?al%n@ ROy tadifl adffocal action
interpretation policy it 322 can be, Tor exanple, a tabl e containing
vari ous words or tokens in the nessage that the agent 310 is assigned to
recogni ze. This table also indicates what the agent 310 should do in
response to a nessage containing a token that the agent has recogni zed.
Preferably, but not essentially, sone predeterm ned set of policies is
preprogranmed into the 2 5 interpretation policy unit 322 for each agent by
the designer of the system in order to ensure that the systemw /|| be
functional fromthe beginning. In addition, for agents which are adapti ve,
the interpretation policy unit also receives interpretation policies from
the rewards unit 314 via a learning nodule 324. At the tine of the VO
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contradiction resolution in know edge base entries with regard to feedback
recei ved rocessi ng of previous requests. Previous and
their ultﬁﬁg%gﬁgﬁsposition wi thin the agent 310, are al so g?ﬁ?E%ﬁ?%”a
tenporary request storage unit 326 in anticipation of their feedback. 10
The interpreter unit 320 further comuni cates with an address book 328,

whi ch nmaintains an address |ist of other agents known by the agent 310 to
be useful, or known by the agent 310 to have a capability of processing
certain input that cannot be processed by-the agent 310. An agent 310 may
pass nessages to ot her agents when the agent 310 has received a nessage
that it does mRiredi @ pa8ihd thelieshaR@nlo (e bxt a@nflMBRY phiR! I Heeditgre is no
entry in the interpretation policy unit 322), or when the agent 310 has
processed a neseageadigieh, threnegworkois oftarablets sesglys maay of bebropgeadiciansd as a

result. In the enfhodi nent escr.!ieﬁ%led ther in, ey ry a nt has an address, and ‘
there is a sp@CPUfingatf-RIEFIEMRAY EXCRBH sﬂ%‘w{g’."‘ The HafEN8kr G¥Veu i t

provi des agentenihdiflidn ShtortdNEANE itORHNE TRES irﬁ@rpféﬂﬂiotn'_l_%@icié q,ezesgaxf, hgt new
agents can be introduced to the systemat run tine. e address [ist kept
in the addrissntenut ta8brhouésdageprehensnbuch leming prefeedborinclattaptéreeionl t may

be limted, in the sense that ynwanted or inotrudi ent.s be. kept out.
It may al so co‘?‘n‘f}h‘i%ﬁ“f% ﬁﬁ@itgﬂxe(e&fewe&gsswﬂfm?ﬂr&%g@? Pcagléﬁst}nﬁgl@wng
statistics) onsaER0Stht Bétredd MalBdeninSRI¥ktW BRI 25 pbRHIUE FrsrefaBlyt REuSDERL 310
(sonetines referred to herein as 2 5 "upstream agents”). In may ways, the

addr ess book 3J2@nmgnales pldvepghbt toothe deaf ageneitsedfnsi on of the interpretation
policy unit 322, and therefore in sone enbodi nents, the two units are

i npl enented as a single nodul e. WO 991 66381 PCT/ US99/ 13377 -14 The
address book 328 comuni gieg BESERIP FW])%&W‘IJE' 4, which stores a
know edge ggse of useful agentl\g\tlﬁgr mfgﬁgﬁlr% sane way t g?t he
interpretation policFiguniit a3@aplsied sembdllveblock dingramt aftd compundri systes dror t he
interpreter 320,.|n 1_;%‘gldi ti op to.entries r.eproara d b%/ t(ﬂe system

desi gner, the W8ishgpitwarsimplementing the PAessRIBVEOHRAR S3Re opsfatsdes whi ch have
been | earned and sto d 1506 disRhMRicRthe$Bs b hd O
f eedback fromthe re\g\g?é?ﬁlﬁep%l&g%né&gnt rol?eselée |?:%%Ece}1ﬁvtgag§§’§9&a@§ed due to
Tecei pt of a Regtei ef Figebsage from anot her agent. The agent 310 al so

i ncludes an output unit 330 which is respopsible for sending requests or
out puts tol8t her ageﬁtgs3t!ih-lsﬁgteﬁ%‘%Eﬁ"@%ofgﬁﬁwsgﬁ}“‘hﬁpﬁﬁ@tE@b@ﬁﬁ‘%‘i nent ,
the output unit 330 ds : i C i " : ges
that It outputs basedibr i ASH ) ARBRR SErARRONCEkK R Ry BERBFUCS

redirect input apEfisoHiated interpr@htidroiditiniFig.2or e detai | bel ow, confidence
factors can be used when the agent 310 has_chosen from s§ggesti ons made by
d¢

conpeting agents who Hignfeispadigyshagpfias AGENTSTARS mathd ofgheymamnepiects The
rewards unit 31@ grocesses two kinds of feedback: incom ng and outgoing. An
agent 310 is réﬁS nsible for distributing and propagating rewards that have
been fed baak to it. Fucdisadlgwdiar ot goPROCESS MESSAGHE tep i Figxanpl e, a
speci al purpose agent (not shown in Fig. 3) which determ nes whet her user

i nput constitutes fedidpatis a Sgueharnef themethadanerfapned by/amagenhat tepmaiBi 1 ity

of the system s 2 esponse to a_parti.cul i sage. \Wen a reward
reaches the age e@i@?s‘Féﬁ?&?ﬂ%etﬁﬁf%?%fﬁg’gé@%‘fﬂé?Pr%g‘?’”l‘iq%"&f what portion
of the inconing rewarglgi§ iflgTRWERET AN theAYHBY Thut SROMes: BeshA PRpBAdead on to
ot her agents. The rewafds unit 314 provides feedback to the | earning unit

324 in responseretaptsefan UNARNVERTISE perfarmative. i nt er preter 320 can update its
interpretation policy, The rewards unit 314 al sq 25,provi des f.eedback in
response to22uch revva?‘@sgt‘ﬁ)at é”cg%‘étoﬁf}}?d“'ﬁfh?‘?p%‘%ﬁﬂFg%éisagiag?mt%éheaﬂ’a‘rness
book 328 in adapj;i il § ety ) végents. In
addition, in ag%%@gﬁgg‘ﬁg}ggygﬁegﬁggz?g?%g;mg%i‘{tyggﬁg ' %gﬁér@%&g«?i t from

f eedback, the rewar dsFignil0 i84 flosamarpobthie deethakeneavted foyran agentvef] the main\D

991 66381 -15 PCT/ US99/ 13377, The . reward ropagat ed t hrough the agent

net wor k ni ght iﬁblsﬁrﬁéasémﬂlitﬁé?ﬁ‘?slﬁ%yﬁﬁs‘h&étp° hARSTY EBPPBRS of user states.
I n nost enbodi nents, however, the rewards will constitute interpretations
of user actions nmade by an agent which is responsible for such
interpretations 5 The special processing unit 316 is the portion of agent
310 that does the local work for which the agent 310 is responsible, other
than routing. For sone agents in a particular enbodi nent, particularly sone
agents that are located deep in the interior of the agent network, their
role is mainly to direct requests to the appropriate agents and | earn or
resolve contradictions that may occur at their 10 juncture. For these
agents, the special processing unit 316 is extrenely sinple or omtted

o ~NA I~ "




outside of the agent network. Agents responsible for ~user I/0O are exanpl es
of such hese agents generally generate requests LNl L reward
pr opagat ?‘gﬁ%ﬁ&ﬂo t he agent network, or sinply output regffj #/Qé.gw,&%?her
exanpl e of a special processing unit 316 is an existing conventi onal

non- agent -ori ented program whi ch has been "agentified". Prograns can be
"agentified" by adding a comrunications unit such as 312 (and optionally a
rewards unit such as 314) as a transducer to nedi ate between the existing 2
5 program and ot her agents. Transducers-@&e described in, for exanple, the
abovei ncor porated Software Agents paper, by Genesereth, et al. One

advant age of using a; rl.fl[padq:&,% LiUetA98 Bl BRO ISWE : j s that

t he transducer requ?:1 es no novlaaegige 8? t he p(r:ggg(l%ﬂu ngﬂ%rsf)%%gﬁggldher t han
its comuni catlbor? aehiBvi or . WO 991 66381 PCTI US99/ 13377 -16 O her
approaches to agentification (wapper and rewitin are discussed in the
above-i ncorporated S tiéds a R@’éh‘%’gogﬁ'ﬁé?‘?th%l’@{ﬁg?bétaﬁ,38@‘6 o4 the main

(Fig. 20 nol Gles Sl Bpoied A AR M RSO, MR Y GRS e AT i g

a domai n ofs r gggensdtivel ity. In one enbodi nent, the agents are organized as
a hierarchy. The top-Ievel agent acts as an input agent, receiving nessages

from the speech-t o- thd&t13dea art of ghe methogdpsdeormed Gyrapgenital thiioMANt he
hierarchy to t I sige mlts agent al ong

t he way perfororis ﬁé&gﬁqégéa%ﬁ%ggggﬁhtr?ggiuunct?}gﬁ? n%a#legftoﬁgétnghbodi ment, the
agents in the agent-Kg.iknikadlowthat gewtl af b tearning step?ih Figrl@. i nt er connected in
a way that does not neet the strict definition of a hierarchy. That is, for
exanpl e, in sone cadés hHoise flowrehagef themethod peefpameddwian agspt afithqmaint

nmessage to s eaf f : Qﬁ&[ Q@I s further down 15
in the strju tu#bé&kgﬁgilrgéﬁ%%g%tPergiéJms{hgtdBac GEl(Jp (?%%f?ﬁ’gar%%igents that are

hi gher up (closer t oFighgs isPldwa@erdf)the ineth8o perferedbiyraigent éftBe Mafnangement
of agents mght, for exanple, satisfy the definition of a hyperstructure,

as descri bed iobjedtslaapinvesponss woeeaiptPISIPISSATISHER prsfogpatiNeot i ¢ Agent

paper. In general, the r angenent a S, 1.0 th ent -orignted.
interpretation unit ELfZ?zéfna 8W8Qa§'&$f%1§3§e§li°daéegfoﬁn de ﬂfﬂ?@en{ ?fe\%le m%“be
appr eci at ed t hgijedi)eRB§ fi resisindé Rsreddipt of FORGETERGBEERPREfoahatb@ses of a
network. Furthernore, a sinple chain of agignts is a special case of a

hi erarchy aAd a si ngFig. 4§ ém flpwchartsgfdbe method performed tyhan sgest ofigemain Al |

t hese fornms and, .ot hers.are consider. r e t~ds.of networks. The
di fferent agenPye trF?‘lsﬁB‘ TER AT gffgsg?ﬂfhe‘gggmgscé%cﬁ i%ﬁrﬂorggﬁﬁe.ot her 2 5 in
the sense that agent gid €6 Ria¥RWEHAL bfthe Aguet-SrRGHHB BEEmARLMidh HigHBi8ns which

predet erm ned subset of other agents (referred to herein as "upchain”
agents) in thecarcbaperiormad 8y agexiigput eg¢ntni t queri es and commands only to

th bset of t f t i " downchai n" ts).in th
Retwork. “Both subset S 20 aheaaaat bt Aesieiats g disteo ipRialdn 15077
-1'7 sense Jghath AN RPRBSof TR 4 brfdfhb BresdRsetd keftfin BRiREREvSige ipsy, | | st of

downchai n agents for their prospective upchain neighbors, (via an ADVERTI SE
performative, for exanple), and agents already in a subset can ask to be
renoved (via an UNAD VERTI.SE perfarmative, for exanple Because 1.he agent
network topol ogy 5 i $Hdf§ éé‘gﬁaﬂ@?gﬁ #Wsiﬂﬁfnk)‘}‘,e a@E;gts F\f‘et(‘,”é’ﬁﬁﬂ‘e‘;‘%t h
upchain and dowfichias3 18lre @R iRlipR ABWnchdid ciifiahis 8fla nfts@gpar t | Cul ar

enbodi nent, the agents in an ageﬂt networ k can be groupgd i nto agent
comuni ties. A "conmmFigt25'is a pattial disgrameofan altemae agwiorisof agedt dommunitigshe sanme
domain of responsibility. In a degenerate Q&SF% g£ agent by itself 10 also
constitutes?a cHHD e agen-osntsd infeapratation Yathet Figer i ous enbodi nent s can

enpl oy different conventions for comunicating between communities of
agents. For exanple, in one enbodinent, a query is perfornmed only of an
entire community of agents, not of any single agent within the conmunity.
Responses may conme fromthe individual agents in the conmunity or, in an
enbodi ment, only fromthe 15 community as a whol e Thus, as used herein, an
agent which is part of a community of agents can be queried, in an
appropriate enbodi nent, by querying the community of which it is part. That
is, the querying of a group of agents is considered herein to include the
guerying of one or nore agents within the group. Note that other types of
agent groupings are possible in a given enbodi nent, other than 2 0
comunities. Note also that in a given enbodi nent, not all agents having
the sane domain of responsibility need to be within the same conmunity.
When designing a network such as that in the interpretation unit 212, the
software as a whol e can be thought of as a society, striving to satisfy a
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WD 991 66381 PCT/ US99/ 13377 -18 system It is advisable (but not essential)
that eachyaQgRlsgbe kept sinple in its responsibilities an(ﬁclq‘?u%bm#?d in
the decisions It needs to nake to enhance its learning abilities. Too great
a proliferation of sinple agents is not always advi sabl e either, however,
as the overhead of the white box should be taken into 5 consideration. In
sone enbodi nents, agents can be replaced at run-tine with other nore

conpl ete agents. The repl acenent can even be a hierarchy or network of new
agents (sub-agents) breaking down the ¥e&ponsibilities of their
predecessor. This feature provides for the increnmental design and

eval uation of software. 10 It pgTdesEpak€cRiPrIGRCh agent's
responsibilities and actions be clearly defined at design tinme. As

ment i oned above, it Thematheds atelsechalyjues ofthe preaeny inveptantcan bé impiemedted e box
units be preset for eacq agent accci.rdi ng to its definition. To r}ﬁvg a

wor ki ng syst effl FSHS poa B’Qgti HWitHY OLREPHISE ST JNISIOSAMAULST et ¢Bbsdded t he
prelimnary c bf ahk emillk,! WEeRh dif6li i; [ It

Shoul d be 15 Aatsdor h%%&?ﬁlke;gtg& %Spﬁm;%ni cati@ﬁléﬁ%%gﬁtg °‘§1béﬁ§id‘?%??%‘ud3?“?i me, for
i nstance i B t hypeodsaenpitertsysgemnonvdihhstitwareampleasetingtepresant ihlhergionaas

i nportant phase in the_design of_.. soft e W t hi s, pet hodol ogy will be to
determine the EQP?rP@Bpgg? Wﬁt%ﬁb%‘ﬁ:f%qéﬁ‘{eﬁéﬂp&'g%}aﬂﬁicmaégﬁ far@amplough t he
preci se detail,s ; ; i I ey i t her may
not be known aat Pgt{etgji%aav %‘??ﬁbr ‘er(%é"ég“\e‘??ﬁ@gu%gge Agéﬁ?'lsaﬁ?'yﬁm %g‘ttgg‘?%é agent
net wor k, many Galjéorhia HheeCRIU dd o norsiecied ttoracCRUbuk dl12 owhigh nig tarinettetier nal
routi nes. However, sone speci al purpose agents may be used dependjng on the
appl i cati on, ffB‘F‘h%%%ﬁfﬁP{?,lo&géﬁiP | emdwgfv'rﬁwa\r@alm Ahe pereilegic aip2 5
requests t.oyt I i i nier I f. the
user as dijfcqt erggtn:tis sz%l\?/dé’}osﬁg?@?%\;\ﬂgf@;mg@'ﬁﬁﬁ Xf ﬂ%he?%%%%@%? @%h rsgtgglep{sype

agents wi |l ndurther ciemedtedesth to ah\ISA B84 68341 a POI RETI2A0SW kthndetd videput
Agents, Inputs to the systemmay b rom nore than gne source. In such

f
systens, one cidaptenddiscrnnected i thelClhs b aQand further dgussiadisalgnmonitor
S een Ul ! . N
onal or - det or 3 Gkstbb s HHAHISh bRt GBI EmONR S BRISAL,

exanpl e, if thigusud8r The IS4 busl 15is hBogomgetell'tdla shandarp wburdcard' 128 evhight i on on
this" and the nouse is then pointed at an itemon the display, an_ input

agent mi ghtS pelsfcannacteddurthasde agnicephong 130 ang 3 speakeer ldg usedior ysefsvoicesi ngl e
request. Inter i i .he i 0. .f: t f agents
to determ ne thge%%@n'o? Ré%ys?e%gh&lg't i;lg;é-tr}rllter @3?‘1 ﬁehémclggi%ﬁﬁlﬁicﬁpu%%g phrase

(e.g., Do! to grthPiSesa 118, & véhidhtaghn sepit 136REnMA1E & a S9tdl ebnek@l @pat ne t he
end of the stream A different policy here would be to interpret the input

in real-tinme apfia maehinek38, whichgnayhior gxprRiprhess borageniertaimaenyisytem At s Any

adaptive system needs..a rd. f th | > J & how far, fromthe
optimumits r e@_ﬁger%g@?%&@%@%ﬁ‘?@%@ﬁé&m&é%ﬁ r?:vgy]l@ v%}g(:hegs(ﬁf)%ef{ ytoiﬂﬁeput to
the systenmpoor IS AThuk Ail8 lay welldAS & peytaink @o shespresent invértionf therpuipidioftiReponses.
In an enbodiment with inplicit rewardi ng, a feedback agent could be

responsi bl e f osystémofFig.driptosontroldhe hsfme entertatrmant system/i38rin respbnse tousent i ng i t
into rewards. The criteria to use,depends o e syste For i ce in an
it eraot | ve 2 GREBFISIRE RS P SRRy oapoat e iPrsi g mouse dAkRS
i ndi cating sat inﬁg@gﬁ(%,%mgranglit biief @84 1 on, user pause between requests or
ot her such input cou be transfated into rewards to different output. Sone
enbodi ments have nor én bperation evher dehmekintedfack is detpared suftvane stored on the
25 hard disk 140 is brought into memory 116, either entirely or as needed to perform
the functions of the system.
Fig. 2 is an overall block diagram of the software architecture used in the

system of Fig. 1. It comprises a speech-to-text converter 210 which receives input



different judgnment criteria, and a hyper-structure or hierarchy mght be
desi gned @ d/gidireate the rewards. In addition to normal pgepks/ R
speci al purpose agents, the interpretation unit 212 al so includes a nane
server unit to nmake possible the dynam c introduction of new agents to the
system Each new agent obtains its nane (or address) fromthis WO

991 66381 PCTI US99113377 -20 nane server so that conflicts do not occur and
so agents can be referred to throughout the system |Input requests or ~
commands to the systemare tagged with-dlrequest-id (and further with the
user-id of the user that has issued them because interpretation is done on
a per-user bagicn th@Mciophered$3d, efhdDpNvided th:AGal SHEPEMoD 2t NeLhtRMHeAlR the
request-id to which the reward bel ongs. Agent Network Enbodinment Fig. 4 is
a partial di agntarprefatiomgnin@ddodke sfeealrsartext oonvariet 2 scanibeta qonvérgional

t-ori ted i,nt tati it .21 i g. 2). Fi 4 h I
Fopresent s an PEVAGLROT I £ Nelely SPeRREne Presna Sytien Nangba men
contai ns only QBRa@HS&Hs) 1t RmnRihicAfdsWathhe aghtd6r@n®dlintfprétBorBHRM 2 via

communities shown in Fig. 4 contain exactly one agent, the terns "agent"
and "communst ystarsiaed WinddwisPi® andhWingloas NT @ imessagingbeevicebe o dgentagridnieds

figure. The arrows interco ting,the agents in.the network of Fig. 4

i ndi cate the d‘?‘?eé?fﬁaﬂﬂ“f‘ﬂ‘tm?éﬁﬁ&gé?f %’é?‘%ﬁﬁt “ _?fggo LgFép e 3§n§‘r?ia_cteq.
Responses travghndafy {2RtRBRReA EEnvditePl3 OThe HEaE 1981 RRdFhr b ssi on
of other types of nessages, such as registration and advertisling nessages,
is not shown ifeedbagk teithe userFiAgenori¢ntes interprotatiomunis pdefottherchas ex butponver t er
210 is received, by a Text |nput. agent, 410 ereas input fromthe nouse 126
is received by WhiC g @5&99‘% ‘W‘Efg.th%%h%évgﬁ?aémﬁi@ Sgﬁﬂ“z@g é_? gx_rther

speci al - pun BOS g EGRLSes ARA RARALILONTkel B d/HREL D6 Afan FERHIOG:

non- agent 0, converting It to adent format and providing It to an | nput
Regul at or agenbackiip medinefof emnmunipatingawitnthediér. al so perforns the function of
determ ni ng when a request or conmand fromthe user is conplete enough for
the interpretation unit 212 to attenpt an interpretation. The Text |nput 2
5 agent 410 is an "originator" Tﬁdigﬁ{]ﬁ?hgemﬁqﬁs propagati ng through the
network of Fig. 4. It originates such nessages I n response to the input
that it receives froifig Bélisetes thettasicdnictioonefahe type 21 OgenfsthatTaex tiseldiput and

Mouse agents 410 and 412 al so can_omt, ny of th re sophisticated
Communi cat iigh flnraseiTHORMREN oy BArticlgs, o) 18555 1 GeompREs, thess7maios |
agent, since t 4. no [ in&g}ar r e they do
not need to Ieg(ra)rﬁtf&{a%hg ‘It%‘@&'g?gégﬂé g’%fr%ojélr%ér%m tg @?{agg?ﬁ %"dgﬁl%lalgﬁacl%ting

nmessages to a Siro@ssinglasit 306t imembaitnents Which,aré Aot sbiptinel (do nohargxthel nput
and Mouse agents 410 and 412 can_omt_the input unit 318, the rewards unit

314, and all ofrewaras prib3 W ¢ag bs omitiady Tihe compunications yaiy 8 Lzands i geiisisnthei g, 3.

Al ternatively, general. e full - d %];ts S gh
certain functi org?svaro upthggt%%et%ser\?mBﬁ?ﬁ%#égewﬁge u ipﬁlﬁg)é1 ?é%aa%grétl’ al %&gt her
functions vpel Chgbﬁalap}_déﬁdsiné" Rgit 306 cagstinited 4 Cblack bdx epoftart ofl the dgermn T H¥buse

agents 410 and 412 is perfornmed by the specialized processing unit 316
(Fig. 3) of thecommynicatipnsunitydland rewards unit 314 are referred to as the

because, as will be apparent below, their internal functions are visible to other

white box"

agents with which the agent 310 communicates. Special processing unit 316 is
referred to as a "black box" because its functions are unimportant to, and therefore

25 hidden from, the inter-agent communication mechanism of the system.
The primary responsibility of the communications unit 312 is to facilitate
communicative functions of the agent, including interpretation of messages and

routing of messages to other agents. It comprises an input unit 318, which receives



10 (As used herein, a given nmessage, signal or event is "responsive" to a
predecess@ip Resade, signal or event if the predecessor sigpplsfyzgment

i nfluenced the given signal or event. If there is an intervening processing
el enent or tinme period, the given nessage, event or signal can still be
"responsive" to the predecessor signal or event. If the intervening
processi ng el enent conbines nore 15 than one nessage, signal or event, the
out put of the processing elenent is considered "responsive" to each of the
message, signal or event inputs. If thelg+ven nessage, signal or event is
the sane as the predecessor nessage, signal or event, this is nerely a
degenerat e cagfput MelbérdnlI6thel ¥RhisMERERHRssazbOMaY bOn AVEndbS okl Jf!
considered to be "responsive" to the predecessor nessage, signal or event.)
2 0 The | nput aRagdirdapent gammusgicatierpanguaie,sueipasdeQbide d{ QM is Hesogbddinns t he

f ti f i fyi the i he Text t t 41 dth
Vbuse agent 432 TR R QML PR Biirath 1 SR Bebom eifi dadtena o
Feedback agentehg?- Ashived hetBi! thEReH] ‘Hhiddbagd®ihcRIdES) a%ng gﬂ?gpﬁhog?{%&%?r agent s

or agent communities (not shown) which are responsib r portions
of the hon® erpmntaais)eadtespyseetn quefied3 8. Wien the | nput Regul at or agent
414 fornmul ates a query, it _transmts the query to all of its downchain

nei ghbors 416, 418, %aéﬁuah%ﬂmf%f@ﬁ&mwra‘ﬂ@aaém@%n%mmawwmnd agent
416, upchain qf ; e YR fgenk B ﬁgﬁg - d nput
Regul at or age(r)ldt d%(si@&ﬁﬁ ?s&gﬁ\%%r WO 99I 6%@%?&3%#6%8% ﬂ?eleﬁi)llﬁn t he
figure with brrdssagelis wethin theoduewan of tespomsdbdity of the agentt 8 hdleds asddyhetain, a
illustrate an option for. a gif er ent nEodLne t of &@.aggnt network. It is
not actual |y pPReSHEes Fopsidpredd Béﬁltﬁé‘ﬁge RBUR PHEFPNSIOBITHO! § HveageBhibodi nent
that incl S NEr phitSoP Ul hirS th g]qj,%e hf - ssage
originatiﬁggf#%ﬁﬁﬁagﬂ¥%§§ %%Sh? %ggh?pgﬁhlo r% ect%ﬂ%ﬂﬁgﬁgﬁﬁpﬁéﬂ?? e user
as to a curr entesmingibilisy @F., thespedtialpyodessibgenihdifeofthe egéna B horkatitsslf beenm 138

(e.g., "lIs the power on yet?"), or a command (e.g., "Turn the t.v._ on").
The donai n of #8@pwhiieBesPPRYPIlY toekeRmISACHPN ELIRRANES & e messags, AEiudes

that of the TV , N i . I t
al so incl udes Ee%&%@%*o%%gf?%éﬁ%ﬁ%&é& an%iéorrf@ﬁgﬂsngﬁgéer,tggg%%gf?,g?%méﬁeodi ment
whi ch 10 does gioén dpeuss downmelii dbRaifoerespaisibinyivaldhageent 3 1 kiokvs @S ofid1€

enbodi nent described herein, the function of distjinguishi ng{ouser queries
from user &Bmmanmerefirtherageatsdorhqm the message shoyld bessoutedhp Noteghantt 1110.

Feedback agent 4 i hal - i \ er the
nput meseage BOTISr &78RGBlo RriRRnAEo MehEa S ShAMAE BhEP L0
the 15 accept abiehiidg/codfpetii@campigddentst y of the systenmls response to a
previous user request. As with Query or Command agent 416, Feedback agent
422 is shown with brdkeinterpraser wut 3¢ eefers tp andpteppretstion palicyt With3 BRKO t hi s

f ti t int t . i - dback
dot ect § on 1 uncAFSrng RehE; e BHEF esteBe Iy il B LB0 AR Sbiig) Nnk 221 P on,
i s includegg nagéift 3i@Xt Themterpra@iibn Uhie|322 canoObd, NfopRRaMBOL tAMAt whi ch

ey
does have a separate Feedback agent ﬁ?,ythi s agent never responds to a
query from t he contginingrearotisawords Ot Aokeps inf theimessage shat ithe agespdifds assigned an

extrenely low priorit. ch that it.will .never b l.ec .. ILnstead, once

t he Feedback a %ﬁ%“ﬁ’?%e-wﬁ t@{)}géfsplmqﬁc\ggesrvggg%gger?aZ@Mgigeéjorngmspﬂ%segger, it
transmts a REVARRsQUHRRAthidda tdien!thit'the BRGY had x%%ghliédf FrefRfOR28@ AN 2 5

t hroughout the rest of the network. REWARD conmmands i ssued by the Feedback
agent 422 car ryesgentidllyl Sohs- pradeermined fset rodt polisies ois prieprgramrinede finto cther y
performatives specifi¢ to rewar opogat i on. WO 991 66381 -23

PCT/ US99/ 13377 HSEPreasonpalicy uwégz?o r GRROREERE DY the deSigneral thersystemelt o5dftnt s,
only two of whi i i twark is
shown in Fig. 4&?)33%@?%&?9% ﬁ%ég%nr\g{llf’ogzﬁ] g%ﬂr?)gglsrg@l? }c‘)e gﬁ%ﬂggé(zcgﬁ ﬁ?‘a}?ﬁfﬁ

deci si on- maki ngagests phichiatd ddaptyvepthelintprptetitian golicyunitilsb receivesitearpretationng of a
nmessage to one of several subnetworks 5 respaonsible for di ;{)ﬂgr,ent
conponents in tﬁélc’ﬁéﬁémeth?&Wﬁﬁﬁﬁ%‘h%l%\ﬁ‘éﬁjﬁ"ﬁ’&‘!}gm@ﬂﬁézﬁcﬁt Hwe REtE need
not be further described herein. The TV agent 418 is upchain of a Power
agent 428, a Sound agent 430, a Viewport agent 432, and a Channel agent
434. The Viewport agent 432 in turn is upchain of a Magnification agent 436
and a Shifting agent 438. Shifting agent 10 438 is upchain of a R ght agent
440 and a Left agent 432. The Power, Sound, Magnification, R ght, Left and
Channel agents 428, 430, 436, 440) 442 and 434, respectively, are all

upchai n of a special purpose TV Actuator agent 444, whose speci al
processing unit 316 (Fig. 3) functions to unify all of the comands from
all of its upchain neighbors and to provide them through the non-agent 1/0



15 3) to the home entertai nment system 138 via a single serial port 134
(Fig. 1). Jggglg’%gpr, Sound, Magnification, Right, Left andpEhangglszagents
428, 430, 436, 0, 442 and 434, respectively, also store, in their Special
Processing Units 316, the current value of the various settings of the hone
entertai nment system 13 8 for which they are responsible. For exanple,
Sound agent 430 includes a register for 2 0 storing the current vol une
setting so that it can properly answer a user query about the current ~

vol unme setting. TV Actuator 444 is a highdvy degenerate agent, omtting nany
of the functions shown in Fig. 3. For exanple, the follow ng could be

om tted: | ear nigg@misict, tRAfformai iR RliAbiptdtatiet fohivy i 3223 vertsBa&d tdlthegent s
unit 334, tenporary request storage unit 326, learning unit 332 and rewards
unit 314. A 2 Basiibardegaded sapbiinfasmetion. ghe internsetati icp ptopdd|in uifit 32%ese

el ements, and ginply.never use them ternativel t he . TV Actuator 444 can

be. thought of PEPrE BN G mERsaloRindds vBlE AF Weffata carta kippiupdhas, *2,

Communi cat i on D{GEtendiarthedTor (13659 Aitidrent Udees, Yever D WanRd RAbWlekfe bAes _

agent-oriented interpretation unit 212 receive and 1r e}r;al%_ t o neSsages using
niel L&

a convent i ofal ar¢easiqaired oner Retoweebiess. r Epe aaanngmmiod Zowoksibierfons Kl F
(Know edge | nterchange Formmat). .a ceonventional 5 co ni catd on | anguage
KQV + CKowl edBerRETn iR s SRR A ety T BRR 10 Rt 8P o
ont ol ogi es def yRitRY ptdt@ssyRE 8P pledats Fbquedtsi ORtevidQsRqest K@l their dRERd:e bed in
the KQW 1993 reference incorporated above KQOW is a standard | anguage for

prograns to usdisposittarmwithin tetagent3tl D arelalso stbrediin 4 tefporesy feguest starage asit
guerying, stating, belijevin requiring, achieving, subscribing, and
offering 10 ng/@g%gglg@@gmtgﬁtggr ge[ffj‘;aé’g "performatives") include a nunber of
fields, inglgding a 'T"ﬁé%ﬁ&’ére@&%ﬁ@boErﬁie@'c&ﬂ%ﬁc&b@vﬂ#rﬂéﬁdﬁ‘é&bé‘&cmt the

recipient is supposed to do with the information in the nessage-content
field. The presenth eaiwans apaddresslistrod stheQdgentsihpowd dy thg agent A iberbeaisefabw

performatives as foll ows, Thes erformatives. arg all general .and therefore
pre-i npl enent ecPri]ﬁ‘?_"YVH%y\fvm ?%e“bgkgﬁ‘b jﬁ‘feeasc%agﬁ%ggprf’ﬁesé (FEEaIn ARRYE EAER
Agents need to Jaﬁ%t%kgfoéetﬁépﬁgkw&fgemm. QaLdpent R mb ia@nfapéagestte ctiedrd

e another. Unlike ot

messages to on er agent-based systens, |0 the present 2
0 enbodi nent, adgentagédieh sherepeot Tt hdseecaived @ méssagelthatihdoesage kbew hAow to

regi stration_may he much nore_di stributed and | ocagli.zed. In particular,
each agent hégﬁ'xagaye)ﬁe.ge@icg{e@ff% SIW*\ &IWBEHzﬁnﬁyé‘hg‘ec}B\‘RﬁEﬁéﬁ‘ PRUCH DS s
Each agent, up ecel ¥ égﬁp? , i i agent's
nane and addr egjs]zz?’ogfwéér{;gﬁfa SsS ?)-E& eqi gétlrgaai ?g%aﬁéagﬁt% gﬁgbgf"g‘{éﬁr‘]‘g? run
time. The REG ShefSageehhos beeni geaerated2asa rieside] In the rmbodimentdescritiddBiefdibE and

UNADVERTI SE WO 99/ b6381 -25 PCT/ US99113377 Agent s advertise thei
domai ns of resp®¥sy #gent has anpddregs and Shelp 13p snegiabRAme-ServRhUBItHBPt SOMM's. When

20 a0 to reatroahe AEpEHRAT HoitpraaS ey il figld Sl SR EG Rt Poll &Y
20 that new agents can be introduced to the system at run time. The address list kept
in the address book 328 should be dynamic, and therefore adaptive. It may be
limited, in the sense that unwanted or intruding agents may be kept out. It may also
contain information (such as performance or accuracy statistics) on agents that
normally send their requests to the agent 310 (sometimes referred to herein as
25 “upstream agents”). In may ways, the address book 328 can be thought of as an
extension of the interpretation policy unit 322, and therefore in some embodiments,

the two units are implemented as a single module.



information is renoved fromthe interpretation polity once an UNADVERTI SE 5
nmessage i jgyed. An ADVERTI SE nessage indicates a commpry ich

t he adver?%gﬁﬁgjsggent bel ongs. For exanple, an ADVERTI SE ness/{e%gegh??r’m

Vi ewport agent 432 to TV agent 418 mght say, "I want to receive all input
messages containing the words Viewport, Mugnify, Shift, Left, or Right." If
the agent receiving this nessage al ready knows of another agent that wants
to receive all of 10 the sanme nessages, then it will add the newy
advertising agent to the comunity alreddy containing the prior agent. If
the reci pient agent does not recogni ze such a conunity in its current

interpretation poli Qe addressdooRddR cémmbnidate©Wwith @ BBl agynts Jhit H4alvhrws for
nore than one agent to be nenbers of an interpretation comunity of another

agent. The ADVERES sekngwledgepberTrSmseiel pgenthin veucht thensaatevway 1hatathe
conventional . .TH $-1.S- YOURS a nt. i.s successful .in.interpreting a
ressage (1 o MepTRe TR i g e o PR s pr AT R ik fandog B ol
nessage), the 3@3.&%&6&ti€h‘ﬁienﬂ€bsb%p\“%_ﬁiﬂﬂieﬂ By thelysiém aekPdMer, ik 1[sBfil Ad3haY Pret ed
communi ty. The performative under ich this message is forwarded is called
TH S- 1 S- YOURS. unif {84y adssetaritrigs enfanas whicbvhave haen leprned apdisootd fheteebypthet t hi s

, then th i f tradiction,s itself. . | th

out Regul at SFrRE AR 215 in S8R0 RagbRiy o B ighardsingd BBy Ss npue

agent 410, andylisphiveBRENhded duB oS Riceif 8f NREgidter h@is@é@ﬁ@xﬁ%ﬁbtﬁ@r_r%‘éhf.cy t hat
S

all messages 2 5 containing the word "TV" should be Ffouted to TV comunity
418. Then | nput Regulhetagenaydnalsoingludgs an guspwiaunit 330ewhidsisagmponsblaforagent in

that community. L.n the presen xaml e, we onl ave on er
community so a°iHP&S ?%‘-e%ﬁ%? uif’é’fsf tc??ﬁ'h?ri %“W“tswgttaeeaqedrﬁfﬁﬁoﬁlggg%gg‘ P its
content Wiid hanisfithedtOtHeNBubt aEEI30%Ms 2 YBRASEIRE BINIROLLIRT7 - 26

| S-THI S- YOURS?, | T-1S-M NE, -M NE and MAYBE-M NE As previously

ment i oned, themessagasphasiitagutputs bised op the interptetationsthstovere made tduesolet oor k  of
agents so there may . well be situyatigons.in which. agent. .cannot directly
interpret a rre'éegﬁﬁ)é gy MESTages AVLSe g"'é’dﬁﬂpr? ﬂ%‘a‘&gaf’r‘ﬂn‘?c’t“@%“@?a%%%“ and
wait for 5 they Loki i ei ved
nmessage (i.e. ﬁ{}g&&ﬁ@@ﬁtﬁ g%%{rtgt?@alg?%ﬁé%glﬁ?g{/% ?ﬁ?%légép%ﬂegg eérgﬁét%ﬁggﬁ'%ggage) ,
then it queri ewheheve mfpdnded ttoquerieafromabengent 81@s usi ng an | S- TH S- YOURS
performative If an agent receivi such a performative. has .an .

i nt er pret atPon pol i cgﬁ? é?wﬁra%“H‘E323@&@%%@%@&%@%@%@6@“@?% and

| T-1S-M NE per i hdi i I b oA icy for
2 message it Rooons, ARas il MR bhsille MR A PARIS RGBSR B 1Y of
responsi bi | i tyhave Hebrfeddacit tokin Sash téverrds tmphtresgsmefromr fopexampid, aispecial s
within the domain of responsi iIit,ydgif %Se of y:ee agent' s downchain

nei ghbors. |n PHIPSSE @8eR (b shewm imghigg3) Bhich delsgnieswhether user ipput ned
recursively. If r I Vi I S i ,does not
nave 15 an’ i nt &Py BFRRIbRCE Fétalifiohnt AFccbnliy or ki BBt O MBSt 7
downchai n raj ghéspoaise(tofa parsitullireiviputsmedsage. pPWHen \, reivineinreidhes éi@edgieny BEponds
with a NOT-M NE performative. |f the agent receiving the |IS-TH S- YOURS
performative hdewafgs anit3dd dﬁﬁmrmfﬁrerm%whehmrﬁowgﬁbe oremipgrgvarkit ressage

in a contradict S5 1 3.0, -

performative. ﬁgwaﬁéﬁﬁ%ﬁ@%@@@%esqugﬁfﬁ Tat| '\;ié@-ﬁ%ﬂb@%d to
force the syst gMippovidGPeedbackaditlicldirfing anis 324 paresponsead siish rewards)sottkan | n
adapti ve enbodi nents, contradiction plays an inportant role in |earning.

Pi npoi nting t heheiéemreisidan casupdatgistisicmretation pelicy. Theenardsaingtilfnlsand
Lo agent et AR SRIREo AeEBPEEhaRtT it e BRIBPERRCRZ Sat 5 1 fe
fol | ow ng caseszqdress WobiP 328 Grathpting tothd hbbadUnd 3pecitichidMiON oftfer 8. Inhat has

received a TH S 1S YOURS nessage cannot interpret it itself and all of its
communi ti es upoadditennin agenss whoserspenied peboessirtg uB 1 6taubenefit fragdeedbacie thevhen an

agent that has recej vednﬁﬂTHl S—ISWS rrﬁssage annot interpret it and
more than one ofeWafds Witisar prvidsfssaoaek Age ¥ ed responds in

contradi ctory manner with an I T-1S-M NE nessage.




3. Wien the user expresses dissatisfaction with a response fromthe system
| 0 The fi of these cases can inplicate the COWMT p j.ve,

wher eas tﬁ/e%tgtgLﬁl%rkd case inplicates the DI SSATI SFI ED perfor ng(?f/ggem%é%
previously nentioned, one of the functions of the Text Input agent 410 in
Fig 4 is to determ ne when it has recei ved enough of an input nessage from
the 15 user in order for the systemto try interpreting it. For exanple,
the Text | nput agent 410 m ght be programmed to send the input nessage-as
it then stands down to the Input Regul atig- agent 414 with a TH S-1S- YOURS
performative after every word spoken by the user until the interpretation
is successful. Nor &Y rev | B84 t Sl el r;
contradiction si tugﬁﬂongev%gri@?rdgra@%&% qg@gge,q {%g%ﬁtt%gbgrkohﬁégs%ggmsei nply

di ssi pat es af teatbotdimeent:n put diffegyhattdicaddnt ofoaser weated. tla megl émisodhaeds,f rom al |
of its downchai n neighbors. No action is taken b he system which sinply
awaits nore i ﬂ}%‘{e.ve’T F‘Fé‘f@(dsrﬂ‘-,‘@scﬁ‘é“WF%W&W@E"@B“%B@\)\‘F%?‘WW madg oY aiput
agent 410 is | W 1 Bt dRR iREmptdtigiser ' s next word, which
hopeful ly wi | I&gﬁ[g\ig \g\ﬁgne%dr?tﬁgr pr et atlﬂ(l)n.rpAt }sorre poi nt, however, the user
m ght inplysor expr €bis specielgiroeeséing uhiod 16 Behspyatienof agenebioist does thee i nput
thus far. In this case Text | nput a}gfnt 410 sends the input nessage as it
then stands ddgealtPrk e whishtheragsnn 200 resgantidla.otheythan rpubtag\Fqr some

erformative. : ' j ; rfo i i'S
!Orrpl enent ed asi\%;‘%-lﬁk g%%glc@&%bgﬁefﬁggﬁ, gg‘?#?/‘é‘ﬂﬁ%ﬁf@ {og%%é é?e.p 30If
t he pendi ng cotthatiteidraf theageht héteork)phdir Fdgisingdinly t¢ Hreottrequesfieo GkeVM T

performative is issued, then the Input Regul ator 414 proceeds to resolve
WO 99166381 PCAFROSIIE 3gents ands laapb OF SpROVERaRtTRdRtionathatppay eequs ég their
contradictign ' u j ; It is
oot desi 1381 TR Fof Tt SRR U R0aARoRAME BITSES s ShlahilE s 5T
directly, prefemitbddyentitelp Thsipetiabprotessmy uai 3P issomefimeiefdrivdub hBegiil at or
41 4 has a contradiction because all of its downchain nei ghbors have 5

ret urned NOT- VBNE, blackdext hecapspihe deugngr ofithe syatem can Hseaehatgveemathed hopet her

the i nput nessage,refer 0 a TV o i.0n, e.lnput Requl ator 4|4
then adj usts i ?‘ge ﬁief‘?_fnétsbﬁ@ﬁea&oi %‘Rle_%’h @§Y%r§§&géég§{qaggop@e\XﬁuﬁeflﬁxgtgSger. S
response. By i p\pleiapéht! TRe s Eoristrainb placatifon thOsHebial pi6cdsfihedes 16antand t he
learning is imted To the point of contradiction. Unnecessary interaction

i s t her eby iSeditdeprefesshdy bmited togbe fagifitiey provided oy theicommunieationsignivty20os t he
agent network i.s ensured.. Af‘%q.gi tglhl_e‘mlt"xg‘ut Regul at or 414 resolves its
contradi cti on, ‘FEOTIHGEANNS WL AR AT S oun to its resol ved downchain

nei ghbor with a CO\ﬂ\/ITT;era?éd‘lalmee&s@mﬁtfs1tshba;sbmp:%arﬂt§zsybg%&rwlﬁmth not the
poi nt of contradiction (that is, that the |Input Regul ator 414 already had
an i nter pr et at iaousidsf ofitheagentnetwonks aggets responsiolrdar wser Qiage examples obsuchhe

I t R | at 414 ds the i t tq the. .nt t ed hai
o) Ghbor i ¢ BTN T SEPY BTN SO A SRR e R PETBBRHAr o5
down a chaigy Ofthé19§é}&§,etiu}brfc,hﬁ sy Bhtput feRilfsl Ng each agent in the chain

which has a contradiction, to resolve its contradiction and pass the COWM T
performative on to th&nothert esappie ofnat specish processifige univ Y14l is_ ennexistggct i on 2

O resolution process. may well involve several. user inferacti.g i n_which

t he system asksCAHEHOR “Q“fﬁgeat'%@itesqeﬁfﬁ.gr%‘g{“ﬁk&ﬁﬁahee'bcﬁ%?tg%ffjc*t Tggrams

resol ution procggliyes, Mo Ridd P BO BRI LniffifAlas 414 (drd dpEiSRAllyPed i n
nore detail bel%\?lvlgvf\:/i tagéﬁglse%eg 5&?1(1) %pg 24. Al ottuﬁer géentg indét he lrs{etwork
of Fig. 4 use theesade vannuchds Gtldpas nesaisdideono predass betsveer? the existingugh i n

a different enbodinent, different ageats can ,use, di. f fterent P&ﬁ(;n}';@r di ction
resol ution BPocRiASFasRandptherAgshise TrasAUCSHAre dessbsdin fREexasnlfo the 3h¥%rs to be

able to query t t t ' ﬁgg% a
comon 1/ 0O Act U&ES&%%g S\é‘ldl% feé?r%ﬁtrsgﬁg&t@e%ff?%o%g% %g%‘ﬁﬁtﬁg?é such user
interaction \V\QiRAiMeascdh ‘ReditifpoM &g prégramds thas theltfansdiR ecreqaicdsmnt
this user interaction takes place via the keyboard 126 and display.|24. In
anot her enbodi minewlefige ofikhssprepaging\pragrafeotipc HRE its | communiFatpR Be*pmrmﬁe 130.
In yet another enbodinment, it takes place via conponents of the hone
entertai nnent system 13 8. 5 The DI S SATI SFI ED performative is used not
when the system determnes for itself that a contradiction has occurred
(contradiction cases ( 1 ) and (2) above), but when an outside authority,
such as the user, inforns the systemthat a contradiction has occurred
(contradiction case (3 ) above). In this case, the system does not have a
pendi ng contradiction internally, but rather, has already taken sone 10
action in response to the user's prior input. (For this reason the agent
sensi ng user




di ssatisfaction typically precedes the DI SSATI SFI ED performative with a
RESTORE perfaorpmative in order to undo the nbst recent action taken.) Since
t he systéﬁ¥ﬂ%@§”hot know where the contradiction point is ?9PPW€“§6 nt
network, it queries the user at each step in the chain until a |eaf agent
is reached. For exanple, 15 if the Input Regulator 414 (or the Feedl ock
agent 422, in an appropriate enbodi nent) recogni zes user dissatisfaction in
an i nput nmessage, far exanple by the presence of the exclanmation, "Wong!",
then it asks the user a question such asg“Do you nean TV or VCR?" |f the
user responds "TV', then the Input Regulator 414 |earns that nessages

havi ng charac istics of the ipput. nessage that resulted.in the 0 user
i ssati of act | SHRerPETIg e oreea BeRioR TaT e L ey R R cissesed i i

Regul at or 414 ;h5@NinRapdated Hehwire ApeMdphyeri B GeRiseeft ef@ssage on down to TV
agent 418, with a D SSATI SFI ED performative TV agent 418 then queries the
user, "Do you nean power, sound, viewport or channel ?" \Wen the user
responds, the TV agent 418 Ieargs t he new i@lrér%éet ation policy as did

i nput Regul ator 414, 2 5 and pas®ES“MMEUHYfBMNT y interpreted nessage on
further to 4he desi gnp!fdndondnedibinierpieladbdenit M1 (Fig 19 it RERA R mafibELof
performative. This process continues until the correct |leaf agent is
reached and t legentessimidad tadhatonf Hig. 3,eemhavingiDdogadegatspodsibfGT/ Sess 13377

The er interagtion which the vario agent erforminr onse to the
DI SS;ICSI'I SFII ED p&P "IcS’F’H%Rti & 284S %’\él?ééaﬁ‘fuzgﬂég %F’ﬁ%’ﬁ& °£’ﬂ%eﬁ€é{)°ahgﬁﬁ a%46 as

I's used for COpfnhBeh slehORedeRAf HelsaPes florh BRPSHEEEN-T02t &P&M 0. Th
performative. 5 lUﬁlL N’V\%een ﬁe usgr r esol v“’eﬁs%a cor?t radi cti oirll-l by ¢

i nteracting w mbsshpes paggaghateatowar the hieraachyao itten(hppefnliy) priweetr lea§ egdnt,lveigti ns thi s
contradiction resolution as a new.interpretati on poljicy, For exanple, the

| nput Reguf8t of2°a g8t tﬁ? WAY PErECIIng a?‘h‘ﬁff’“ﬁ%é‘&é%‘-cont ai ni ng
certain words shoul difig.fHHLASbdiflerdt e ApénRUEHE a%ekﬁogéﬁetﬁigteﬁ’?ﬂfe&ltﬁnuﬁ@ph
agent that learns a new interpretation policy should ask alT agents it
knows to "unl eath'ard medrcprolected. in AnweiNtiatRIdep @aof arestathevarictr defimitimnest 40: " | f
you are interpreting thi séggrssa and the interpretation iis that this

e, .

message bel ong&iefaschie That lﬁ’@‘%@&r‘ﬁ SQMRF CaseRQe ShanORe Intemsdintedgent cRpt a11
enbodi nents ne ] t N @5,11' : ﬁﬁ{lﬁ at do
wi || Ibe be;5 ter ﬁg%.ngt%@%ggffg&sf@é%g?g f‘ggéérfgﬁ po ﬁ“g’iaggh{lgn gga‘ggnts

whi ch are msst irathershuciuaé earf wansadclequestsi bavk ute btHenagdntszthhi are hifhet @pr ni ng
hel ps to keep i nter%ﬁt ation policy databases SH‘B| |, therehy increasing the

speed with whi ¢HossrErtheimpuiagsets. Insams empetimgnts thearansementof agratsmight,

[ f 1 ) EARN
bor Format i ve.  d7h ShaPble, SUBAE aBtnibdifob R dtnRtR, A defcuned e Gu TN |
used by agent s ikdoasdtated SeEOrgaiiting SanisioticAgind baper alngdeneral, tigwraagahens

"more" and "too". 2 5 FORGET- PROBLEM Nornal |y, when_an agent receives an
| S THI S- YOURS? of\Agests imtlie agemearieptedsisterpretaion wgiti 313 eagvirec Aescribesganas or

replies to Jde WREHA! Y SIS SobofS Bl Hidersth AT SRY nlFABHRELE spiah 1 ¢ has

al ready ha previ ou
cases of a network. Furthermore, a simple chain of agents is a special case of a

7

hierarchy and a single agent is a special case of a chain of agents. All these forms

and others are considered herein to be kinds of networks.
The different agents in the network are “interconnected” with each other
25 in the sense that agents receive queries and commands only from a predetermined
subset of other agents (referred to herein as “upchain” agents) in the network, and
agents transmit queries and commands only to another subset of agents (referred to

herein as “downchain” agents) in the network. Both subsets are adaptable in the



WD 991 66381 PCT/ US99113377 -3~ nentioned, the agent stores such problems in
t enporary storage unit 326 (Fig 3 ), together with m LD.
In this vvzg{/(?%é% t he agent receives a subsequent TH S-1S- 9@&?%%?%@9&
for exanple, the agent does not need to refigure its interpretation or
propagate the nessage on to downchai n nei ghbors 5 which have al ready
rejected ownership of the nmessage. Problem storage differs from | earned
interpretation policies in that stored problens, and any stored resol ution
of such problens, do not influence the-iinterpretation of any new nessage
spoken by the user, even if the text of the new nessage is identical to the

text of the st r.ap! Fynli ens
occurs by pr Oﬁ{éﬁﬁ%@@%ﬁ%@@%ﬁ%& 26 ? ?gﬁ%’eﬁéﬁéﬁﬁ %ﬁﬁ%@ﬁ@ oin
that whereas LdgaibifdohlidiriiRbsdeatiesipphanreighborse SinasADVERTISE pesomutiven of

contradictions, problem storage a?c%g,rs regardl ess of the resolution of, or
even the presdfE&XARDIE): 3AE rAgaRNTE ATE3Y, incf jsfibpset gap sk todieotsmayed V@ at ored i n

t he tenporary gw? i Larl resent
enbodi nent agtgﬁt S el}’gltsgq%g?wb’%f?g%g@%%o %g@n% t@%&%ﬁ}{hﬂﬁg‘ﬁodkg%g’e?%)pof a
FORGET- PROB.ENK et teatrivedd incanyelgy, eneiagentt dae bartath apeidh abd dbenéelelebed, and
Text -1 nput agent 410 origi nates a FORGET- PROBLEM performative referencing
the nost recenNOHi6BE LD, whenever it is about to originate a new

probl em This policyyiisSqhall i f naging 2 0 the
si ze of each agent'’ sIftCl g%’%%r‘%%ﬁ?gg%e%t%&g?gﬁndggé %ﬁeﬁ’nké l§§8 ag%r}tggrggcgf_c c?’h

anot her enbodi begroupeddhiolagemrtompainitizy. Advommunistontitaonasr Morélaleaisi Ng
stored probl enms. whenever the agent receives a TH S-1S- YOURS, M T or

DI SSATI SFI ED plf hayingshe samne deanaim afyespansipility slaglegensmte pase an agantdytself
situations,.th A Ssing,.of 2 5
particul ar lroqultsaélfs‘ Sgsﬂmtge?(grgr%’f“g@%? {é@?gtxéa?rge?? B{'o@éﬁg&eéﬁb&é‘aﬁggf?nt he
user m ght stopmpRd diffyent cSevenfieny fohedmmuoricatiNg betwde dommuhitleb 8f dgukts. | nput
agent 410 (or sone other agent charged with this responsibility) recognizes
such a desire Fhaegrample impageambedifenfer geery ispreomadnstyoefiangntinespamupitpbi em
fromits tenporar eguest storage .unjt 326 WO 991 66381 PCT/ USQ9/ 13377
-32 and then f8f§%f‘{§s'ﬁ#ﬂ an}yrsgxé[e erEBf‘{ht“bt%lef YUHBHRG REPPOTRES @%@er ®h a
FORGET PROBLEMRendRAdwat ia%’@}ts Faak @mrhbetydenvis hai énbudig&RobalydRbat@e t he
identified problemfromits own tenporary request storage unit 326, if it
was t here, 1&nd chmmuaityias a wholpr Bniscanused hesgin, p agens whigh isanrflacommuityhbor s
with a FORGET 5.PROBLEM perf.ornmative S . one_enhodi nent . an
Agent does ot SheSTReARPEReES TRia ipiartit ibolifient By AlSr R iR o iy

nei ghbors if tREwhiBMiePhd. THASS, IR A€ 6f a prduf b$a%éﬁ&i%@ dhdrgguest
storage unit 326. In ang%{ﬁer enbodicrlrlgri]?,gan gﬂgbetr)]_t i ch d?ﬁd)sq%]e;(\s/e t he

probl em LD. i n tpinsludethoquerying efjoreser mergrages within the groupaNets thatothasssage
on to only those of titts downchai n nei hb@rs 10 which 'ht .knows Havgh
previously recdVRASdOk ABETS BIOURINEY AL FOSTNG 1By3 (BN FRPUMicRty, other than

Qoj ect - Ol &3y echoffhitiHtieNCRNWRY disolt AR iPATROEREEYAINIGHE, R0 RINhedAts ﬁOﬁg@he same
interpretation unit 212 (Fig. 2) is rnplenmented i n one 15 enbodi nent using
an obj ect - or i endomehipofrgspomsibility ead ¢ bgywitbinche semekavemunitynai n obj ect cl ass
is defined that incl s et hpds and data structyres that are . co nto the
great majority of agefPe 95188 AfERFKISuC st ﬁi“hH\SF“tF‘FPéeté'}ﬁ%‘b‘i“Hiz- Hose
agents, such asgfrg& : : | nput
agent 410 and t%e vgér)?sgégﬂ%g]%agf%ﬁm%ﬁ{%%%%m%&ggﬁféé&atﬁ;(%f have
been 2 0 subcl agests Theinpinaequests azhheeforeprapagated, prodessed oy agehtomodidest ai n
nmet hods of the nain object class to be repl aced,l_ljrggg t hers added, so that

the agent caR pEY} BiRMIR HENSHEES FeARSSI ARG R8eRE: & esngg«;rp@&he In an
ebodi ment, - al | o Rfer i (BASUrinitifl otelRASEA YRhdioverir EBRLiLRRSBE IR nEfycrgPar at €

subcl asses, because despi elr great simlarit ey a er from
each other sli gty bréak fwn eheanibd as eivgifed] Suitiblep Hixgirehie® of sRptsrané possible send
REG STER and ADVERTI SE nessages to different neighboring agents, depending
on their |ocati8rd pgentheambe ossisredito pe sespeastinfaiahe mjnutess psoessienin ke gner .
As anot her exanpl e, each agent is pre programred with its own default set
of interpretation policies. As yet another




WD 991 66381 PCT/ US99/ 13377 -33 exanpl e, each agent is programed separately
wthits g ck box" procedures, if any. In this sens sin

t he net vvo‘gra ?7/16%%% be consi dered speci al purpose agents. Cﬁ@#’bs’ﬁgg%

obj ect-oriented and non-object-oriented inplenentations for the agent
network will also be apparent to the reader. 5 Fig. 5is a flowhart of an
AGENT START net hod of the nain object class, which is executed whenever an
agent cones on-line. The flowcharts included herein should be consi der®ed
synbolic rather than literal, describifgsan inplenentation at a | evel which
is considered nost helpful to the reader. It will be appreciated that an
enbodi nent of : L p, f f iR a
sequence di ffsteysfeéggqmsgﬁdvgsﬁg?@%%%Sﬁ?ﬁ?ﬂ%&%&@;&rg l%eﬂy%gr%g{lq%% \%lgth ot her
st eps. Ref er riespprstbilfiay. and, bei Iimieds inethe 5ikCisionhét vapdnto friaksto patidhoe irs any
initialization required. In enmbodi rregnts i n.whi {:h t he. ggegt name i S not

har d- coded, t MR 3ities TqogFa dPrelirraer PHYmAIeRgRRIS SdPtavay A dyistllEn a name

for this agentielS hbewdreRsSthé: odeiead9ISN khd R»ﬂﬂtesgsé,sﬂﬁmd%e | {hRenStAb L - UP
defaults. In step 514, the agent registers itself with all o he ot her
agents whi 6h esmsidegative. i ts upchai n and downchai n nei ghbors. This is

acconplished by trapsmtting .2 REG STER performative to each of such

nei ghbors) with the?%l e"g’qqmtﬁég%’\%caﬁggéﬁé@eéGm‘éﬁ’c"?e"Z‘t*t)oth‘?f%°r§t ep 516,
t he agent adv I j bl bl : i I,S,,agent
wants to rece?ééb%geafﬁeeé?s's%Lurrlr%élhl&zngggggﬁnp |ns egq%e?/?rfcgngg} é%% é?hg‘gndi ng a
message to aligefts (dub-ageesl) breaking dpen thesesponsibiities nfihginlpeedecossdrh This

ADVERTI SE performative, and a preprograned | st of words or tokens. If the
upchai n nei ghif@tuneprevidesdepihg dacrementd sigsisnaad aypduation cbsahwage-any of t he
words or t.okens idenjtdfi 5 | SidRGis [ i L el ude

t he adver tlfb!s(i ng agem Iisag&gﬁ@ééotﬁ a'tt #ﬁ?g?@‘é&rﬁ%%@s{ﬂﬁ%@%@i 8‘5‘2&‘3% Jl%‘E{é@r out ed.
After step 5l@efihdicataigsiph tiaret As smeatioredaabbvd, ioip alsbidediraplerhy dapglabpecahecks

for new events directed to.the age%t. a ste I he ﬁg,ent first

I 18,
deternines  \ADtREOWRIERROK units bpprese Qgﬂafgﬁgﬁ‘t\ﬁﬁ TRIAE tq its defingion; To haveye. | f
not, then in st 220, j €S ‘! ions |f e ent is
still alive, fahgfréréiﬁgasyétp g‘pﬂgg{l]fth‘% ﬁ%ggg@ ’t%lbéer s(')l'?%gg ghé}ﬂ‘g er%ltd -eé%e(t:k?e?i c
communi cat i on grifitfifnk§ dmnhuhidation linkberwpacthe aigems af ddsignhtinaadedtonld be t he
agent network, there are no agent-specific conmunication functions and
t her ef or e 3% epnotedsthnt thess eommunigatiops sighyrrhangesthipugh tisee, ferdnstarsedivthecert ai n

Flnct ons. o @6 PR gt & HRRE D Thh? PR BRI U I 608",

step 522, the @GeRivatd\Gth tHRIRHd JUESEy MR bB &Y ddtérmlifethé pAaitipRthgdB¥ntk BN Ng
nmessages. |f not, then the agent goes back to sleep and returns to step

518. If it hastheisceapebilitidshcwen thyusb $Be geasisedetailsiof oy gheycwilldeyenwally PROCESS
MESSAGE st 524 fur.t . ' her e f t. h [
pr ocessez, eltohe‘r“f"?'ﬂgrruﬁggﬁ?t }3‘% h&gg‘é‘éﬂ“g‘! Bsﬁqzé‘ég‘&'a‘ﬁcﬁ‘gs?@h‘t‘?‘§| rrg;:l?gei !ssr et ur ned

to step 5189 Fig. 6 is a flowhart of the PROCESS MESSAGE step 524 of Fig.
5. In a step 610, the agent executes an appropriate nethod in accordance
with the 15 performative of the riiesiaj@urposeakgentscei ved. Such performatives

and their correspond%‘gg Fi, 6 ste nklﬂnbers ar e: ADVERTI SE 700 UNA%)%ERTI SE
840 | S-THI S- YOURS? 9 EYRB‘%F f8¢ng ! B RBFFEINE 1 RFEnaffIRICHUESe S8 RS 1200

COW T 1210 DI : :
FORGET- PROBLEM T80 R Qg R o T vEe A B0 oA IB e kst a5

depending on the application, for example, agents directly involved with initiating

25 requests to the system, or an agent which interprets the actions of the user as
different levels of reward. Some of these special-purpose type agents will now be

described.



USER- RESPONSE 1300 RESTORE 1320 PCT/ US99/ 13377 An agent may al so be able to
handl e ot ormati ves, but these are omtted fromFig poses
of cIarit&&S%ﬁ§§% a nmethod specific to the 5 performative 8F§g%§&P§@£ived
nmessage i s executed, the PROCESS MESSACE step 524 term nates (step 612).
Fig. 7 is a flowhart of the nethod perforned by an agent of the main

obj ect class in response to receipt of an ADVERTI SE perfornmative (step
700). In a step 710, the agent determ nes whether the comrunity being
advertised is already i 0 known by the -agent. If not, then in a step 712,

t he agent creates a new comunity in its address book for agents having the

characteristics desi t et L

comunity being adveITg] I Sse Sé ste%%g%%\?\nmé@gﬁéégbﬁﬁggg ﬁeesr?h];c{eglfg\ 712 is
ski pped. In stsaph siktems| bee acveetiviek ofspadeifurpse inpenageadadglitdettttudegeci fi ed
community in the agent's address bhook 328. 15 Fig. 8 is a flowhart of the
met hod that t Hehiglydwity damis ifror diffsseid cSourres datgj ¢ tsauesH andAD

performati ve. ] S dvertising.agent from
"te communi ty SludyEh B it nFs SBGlred RTMERFU GaltPR N el D0uRIE T 1
812, the reseiifigga(®L”) dpuerniinfosmudiat drethist bl thonGUSHi§ theDAGinRA Yt 4FDT €
agents. |If so, then the UNADVERTI SE nethod termnates. |If not, then 2 0 in
a step 816, t hiseragRHe difplay; FLINPHAZEH MHERi PO HintyncHomefmnifiias Hisextvars
before term natj| - et Fig. 9 is a flowhart of the nethod
performed by aﬁb‘gtg(g%\tg(ggg%tlﬁ rs?téi n object class in response to receipt of an
| S- THI S- YOURS? per f ofmmarhttive inphtepoldd Genefithalso ffilven dlgende 6RGRLY BFentdIe a
nmessage, it first checks its tenporary request 2 5 storage unit 326 to

det er ni ne whet Rermine Higend oEan ngat ireame Eppinsiapce in e ispisjaebrasatsgabe! (st ep

910). If not, th ' ' or, [ rpretation of the
moseage. TR i Bt EPpieDk S FRsERb obe@ahiso iRy AhekPivB e EEOCBEAFEAL A i nes
whet her the neggreat 'gsn i Helé Wollldhewrintee thel ipad i redl-thRsdransdiRict ity (e. 9.,
by determ ning WO 99/ 66381 PCT/ US99/ 13377 -36 whet her the input nessage
contai ns cert athe apprapsiatrageBkens i n response to which this agent needs to
take | ocal action), and if not, then second, the agent determ nes whether
it has a stored interpretation policy (e.g., a further routing) for the

i nput message. |In st ggedbdek Agénts Neny ddaptivey SiteininesdsWasw &t ee8bdk that tellben in
step 924, the 5 agent returns IT-1S-MNE to the upchain nei ghbor which sent
the 1S TH S5YOURSW dar from thet optémymt it respayses figee hdtis trawardt equld bet es

(step 926). If in.step 922, . it is determ.ned th he inter tation
performed in steégh%%ﬁmég%‘ﬁs a%ségg,sqrd{np{{'gﬂ%{qugc? E”f h’@ s%:gmts@%%gmﬁmutd ai m
the input messag@ohfs. i aekmbsdithert With ﬂﬁgﬁzitr}@v&vaﬂaﬂ&?a fl3dbadk Q& @bal ben
policy for the nessage), then in step 912, the 10 agent cheCks its address
book 328 to detresponsible\fhe thee int¢rpretationaefy theonputhehavico amlitratslasing it fintaot |
then it returns NOT- I\qél?NE to.its ugchai n ngieghbor %St'egf 913 | f the agent
does have dpmc‘ﬁ‘é(?tr‘iis'n efrBeEato Ysp aRPSngs op tb YIE™ RN 4R BIEE e
problemin 34s dRURAY AfplicitRfhaTepeat OF aQRMiArd, Fetfarks indicREi AughdiRa @l | of
its downchain agents with the same |S-THI S- YOURS? performative (step 930).
The 15 net hod tdissatisfetion useepause bespyeap@uestanother sughinputtcestd Beiteansiatedt he

nmessage subject, of the | S TH S- YOURS?
into rewards to different output.

=

Some embodiments have more than one feedback agent depending on
different judgment criteria, and a hyper-structure or hierarchy might be designed to
25 create the rewards.
In addition to normal agents and special purpose agents, the interpretation
unit 212 also includes a name server unit to make possible the dynamic introduction

of new agents to the system. Each new agent obtains its name (or address) from this



performative has previously been interpreted by this agent, as indicated in
t he agent’ ary request storage unit 326, then in st agent
retrieves Vt%%tge/fc’%n{%t%{erpret ation fromthe tenporary request st?%&%gggaﬂ?{wsm.
The tenporary request 2 0 storage unit 326 stores not only the problens

t hat have been seen by this agent, but also the responses that have been
returned by all of the agent's downchai n neighbors. In step 934, the agent
execut es a PROCESS ANSVERS step as described below with respect to Fig: 11.
The procedure then ends (step 926). 25 2@ 10 is a flowhart of the method
executed by an agent of the main object class when it receives any of the
three possi bl epfReRERELSo ¢tNMPToMING dd hot Scdd Med %ND.\M%&%n%é\'@fe&gd 35
| S-TH S- YOURS? query that the agent previously sent  to I1ts downchain

nei ghbors. | n threeghoul GR3ystethdnpefaaquestsios corantdedstth the sywemaoe Gigged with

PCT/ US99/ 13377 -3'7 response (i..e.. the.pegformative) to gny responses that
it previously péwe%ﬁ?ggcfﬁnpérsvggb@ePﬁerilﬁpéthgygqréﬁatgxp%ﬁ% tgeﬂ‘rg’ef;@?ﬁonses
are stored in ¥ I 2 i ) tep
1024, the agent T RoRRR S (OB R SR BN Rt AN L ek 0.t By

her ei naf t er 5 Tireonmiratedhd fequeseitt® wisttethe 1026Y belongs.g. 11 is a fl owchart of
t he PROCESS ANSVERS step 1100, corresponding to steps 934, 1024, 1244 and
1316 in Figs. 9, 10, 12 and 13 respectively. The PROCESS ANSVERS routi ne,
anong ot her things, determ nes ngﬁmmm{%ﬂm s, if any, are eligible
to receive the nessage An agent considers a downchalin agent to be eligible
i f the downchai n agerhig.Has a pasiplatiggeaim pOthe netwaonk bfgEht SmritdRTEsouictiy thef t he

downchai n agent, with a response that_clali t he_message wiith sone | evel of
qual ity that i SBERteneatcdipterRsptation %m%@r@!g%a{]n Fig. 4, faeh 9val apeessannhi ch
claima ne g n i i @@;‘E I e agent
recei ving the ?“ég‘g‘o%dg‘g“‘?:‘gﬁwae%{h gpﬂﬂgﬂgﬂm q Igﬁ%% 3%8§@?%p€§6}ﬁ§n%%§gvée&r%
response to detagens) e anQcttuatos.eBincavhibbfithe agent comminiséssshoiva imBgnd cohdainh sent

15 that response to be eli ?i ble to receive the nessage. Each responding
agent can conmf¥aetht ang agenf.dhe ferms “RESAY | 416 n MYty are yaqdr aterchangeabling
agent through t . f - d , I fi Is he
asponse. meesagiret e descriina R AR, The SRl MRBAGGEHR, s Bhts fche

i ndi cation of anetwoik aflFig i4oindbteothe Rirgctivth inhwhick squerids agd @geRiands are
exanpl e, where the response nessage is a MAYBEEMNE 2 O performative
rather thanlBn transmited. NERqsBemses s@velyim) theaAPRAste disctioned Hie diectipiedli ng
agent in its appll i QN i i i . NS.E; . her
words, the ter m&&r&ggﬁﬁs}ogne%tgéthﬁ}e’%e § %fgéésﬁa?ééda%e?ealg E@gl%tga;t]%&dé@ ﬁo{}ngstrll%
explicit confi dgesagssalsies shdwicih Fig) 42 gi ven enbod' unent mi ght be returned
as part of query response nessages, but also other indications of the

qual ity of the respon¥tFigi, ipuifremthersaeeshdo-sar grrverer 200 is merivasityd Tt ot her

eaponse moseaghut ReP AT Funekad BRyPRE the RoBRISBHBVE N PHis i s ners
routine begkps hyz.swhagegylcggthM2m§ gialBpu @se\agréxﬁb, anad\eacpdriviniaahat to

enter this routine )| 66381 PCT/ US99/ 13377 -38 (referred to herein as
the entry perf ofunstion ef rec¢iving nen-pgsent HOaenveringattojagent onmanand prayRing\t NE, or
NOT-M NE, then in ste 16, the qualjty criterig estahlished for the
present agent !§° gﬁﬁﬂ?lgé%etgglalt?feagﬁggﬁﬁsihe iﬁ“t ﬂ%‘%ﬁg&%tgﬁto Bj?PoB ‘%Fé‘m‘?le no
action at all i $ydclRdfidBrefhiRg WWhed: a fequéD et BSmHmBAP QBB userSs WS mplekP
rejects certain 5 I'T-1S-M NE and MAYBE-M NE responses which have a very | ow
quality |level, eseueghfontheyntérpratasionawit 342 tdastempt aminfepretaidie P Tont fuputves.

In step 240 t he agﬁgtl det er.m nes whet.her the new response creates

Q ,
contradi ct i P widFtA) isAnc originate qfé‘é%ﬂ%‘?i“%%daBF@éSa‘mé%f°P&*a&heémPf?f t wo
downchai n agent { of i AFRARST ; ENO
there 10 still r%r)g?;%g #o&lggﬂ ria?ersgg‘?@?%gaﬁ ]Er{}efdg)rn éeet;() ﬁ%&gg@%&g@gg&%&g
different part ahe sgeecivesteapéonvéter 220aThe Fextilhputland Muasé agentsssél@eandst12TV and
VCR On," then no _contradiction is created in the Inpuyt Regul atgr, agent 414
when both TV ageaho canamirapanyeéthe margsqphishieatefcomgnication finqiens of the Rasisi ve it
ultimately. In order to accommobdate nultiple non-contradictory clai mants of
a 15 nessage, the concept of"focus" is introduced. Each agent which clains
ownership of a nessage, returns, with its IT-1S-MNE or MAYBE-M NE
performative, an indication of which part or parts of the nessage caused
the agent to claimthe nmessage. The indication of a particular part or
parts of a nessage which caused an agent to claimthe nessage, is referred
to as the "focus"” of the claim The focus of 2 0 the claimcan be either a
contiguous or discontiguous part of the nmessage. If the nessage was
actually clainmed by two or nore further downchain agents, then the agent

~ R IFSRA I R AA N\ ZI"NEF™ R o o




WD 99/ 66381 PCT/ US99113377 -39 remains, a TH S-1S-M NE performative. The
agent al i nts vari abl e TheyMayKnowCount if the ne i.ved
responses‘igg9?fg\§3lgrf) a MAYBE-M NE performative. Then, in s}tedec)gldfﬁ%g%ﬁ?t is
determ ned whet her all queried communities have answered. If one or nore
communi ties have not yet answered, then the 5 PROCESS ANSVERS routi ne ends
(step 1128) to await further responses. In the present enbodi nent, an agent
considers the first response that it receives froman agent in a given
comunity to constitute the community'spresponse. Subsequent responses from
agents within that community, if any, are ignored. In a different

enbodi nent, o _J i t Rl | ment iLfferent
policies I O %%éyebsg{cé{}n%ngtena??%p tgé gﬁilﬁukggﬁﬁﬁgggagghﬁ(P)crlloé(r%FeCI esponse
has been recetolestnf andnhey aloprptogrammaernttransmit @lNndoining mdsiagedtod sipld 112 al |
qgqueried communities have now apswered, or if the performative which caused
the agent to @pdtieatiqnagepiRams or gxgmigsbe Texit input andMause@eraty 4peardr nat i ve,

t hen fl ow cont,i .11%S 20, i e 0 nt equal s
zero, then i nhg?ggﬁf@ﬁg?’&#ﬁ e3t1éf %leﬁggfaﬁ%eﬁefl Tﬁé%@y%g%?g al so
equal s zers. Lhpability bfatie agdht 3¢ sfowhlin Fig. Bf Altbaery penvrdlizve akaure@used the
agent to enter the PROCESS ANSVERS routine was not a COWM T performative
(i.e. it was asemspasybeaised athowsh cerfain fynstiogs gfide peants wilkneypobrsutilized a

TH S- 1 S- YOURS _per.f or LV, . [ t 2 t age nds a
NOT- M NE perfgﬁﬁﬁ%ﬂ?a\l}g&%%r ’?fﬁ%‘@%@%&ﬁ%’%ﬁ&&gﬁb@% n\],\oﬁi-agﬁntslgﬁfor?}hegf B&g m The
routine then endsMduségiRnts4d8)and hizislﬂeﬁ‘émdb%% stpb@alaeaﬁ&w@ﬁ%\aﬁitmsch
caused the agent to enter the PROCESS ANSVERS routine was a T
performative, (Figed) offthe cegpertiviiagent situation in which it is required to

det erm ne ich of its downchain nel s, .all of om,have rejected the 2
5 current nessage, i(g\stu ChatErt ﬁ&“&‘g&%gﬁﬁ §iEnglies e Shg&>PREEEr t Agly, in
step 1130, theyra@RBdsorrhkiBagd)Sighdl@F eveént ifeROpréBedebiBdr SipRAl bRVt ir®lencthe
routine then termnates (step 1128), the user's response entering through

t he USER RESPGRSEivsasfgnahar pveat. HAtigre i amintaregning3gocessing elegient or yde99/ 66381
-40 PCTI U599113377 Ig TheﬁyKnowCount rgqéjral.s eL.o %ﬁtg‘g «1120) . byt
TheyI\/!a_yKnowCou‘het”of:‘olt CENET NSRS (LY p 1129, “¥'h ¥R Sivfsio_ e is

det er mi ned wheggdcedsBEsigitl b eR@t. TPthewterening protessilyMemepeedmbin@tmye. | f so,

then in step 1130, the agent again asks the user to resolve the _

cont radi ct1®n than sinagnéssage, signal oh gvenbntheSowpivBEE MeNBTogessing elemputnise. The
routi ne then ends. {step 1128), If jn.step 113 2 the entr formative was
ot O T pETRIghL FeoRanstete sar 85 B TReE8 sepl&F axpRh bR, HRENIR BE- M N
Lo its upstreamogues Wshhl Q0L s TSmOl I Pridielssiitsadgd! GBnal bEBYent! 11
step 1120 it is de err% ned that TheyKnowCount does not equal zero, 10 then
in step 1136 i thisis needes dégeacrathmshiarwhitlcthKgowCoessage gigakisor kvertfis gidl,  t hen
there is no contradicti gn"because" ex Ct}éﬁ% one_downchai.n eig{hb r has

clai med the suBPusideredd Be qresPAfstYR ot g REIPGPSSqrmesiage. gk SYsligs age carri ed
an |'S- THI SYQURS per FopirpolV RedititeP4 143 alhecidl}ffipdst agbitAvkidifiphridrs igent
returns IT?"‘I@éJ- NI ZNNE t o i%‘s 8 chai n queaf%fcr%g agenst .ag'&r‘ﬁe rou H?téﬂt hen ends
(step | 128). Hinctionssifapifyidgifie infputsifirmmuhs Tegdnmangened] GadehdMogsedgdent t han
an | S-TH S- YOURS performatiye, for ex le.a THI S-1S- YOURS perforrnative,
then in step 133, Itﬂwch@@ﬁfa‘ﬁxg@gNW&&&&&‘*&M@%@@ age® 4ddwnchai n
nei ghbors who i i r j . in step
1136, nore thanﬁ%%g@%gg%ﬂg%%aya%%n etﬁgﬁsdﬂgﬁgftﬁggﬁﬁéﬁgé%ﬁ&gc éégésa%‘ér with an
| T-1S- NBNE per fshewimtwhich arb tésporisiblé foe uthespationsss tie Kdntd ehtetfairdentistemver | ap,
then there is no contradiction. The agent either sends an IT I S-M NE

per for mat i \?& t d38nWhenthelnpugResujatarpgsaetid formulaiespaeny, it Hansmitsdbe QUeEY st or ed

f tive t i i tep 1142) just i f
Bxactly one dourdhar it TR IBHAGIR 40s MR AE (1D LT TS M e
performative. 25 If 'FP%.Qﬂi@dﬁo@@@(ﬂ@?ﬁ@ﬂ'@étﬁmﬁﬂﬁﬁemﬂ’lﬂfﬁ,Giaéﬂam&ﬂ"lt\h@gdﬁﬁssage

\'

with a sufficient level of quality to satisfy the present agent
( TheyKnowCount 4j8aad ¥CR dgent 420, and downchain of Input Regulator agent 414. Itis shown



one), and the focuses of the clains overlap (step 1136), then a
contradiction js.indicated. Control transfers to step 1132 i.hed
above. |f %@’@%’f‘ry WO 991 66381 PCTI US99/ 13377 - 41 perfo?ﬁ&&ssg%{ s a
COM T performative, then again the system asks the user (step 1130) to
resolve the contradiction and the routine ends (step 1128). If the entry
performative was not a COWM T performative, then again, instead of
resolving the contradiction at this tine, the agent sinply returns a
MAYBE- M NE performative to the upchai n-sender of the |IS-TH S YOURS nessage
(step 1 134). The routine then ends (step 1128). The agent does not try to

| t h icti ol P hi t
ot not he it ispufs PR kel e, RAAEE BEGRNRR 1, bRhe SR Sl oo,
Fig. 12 is a fdpoiokliard difftrehhembmlihost afen hgeneeiatkant 8O0 ActRAllyigierei n 10

obj ect class in response to receipt of a RESTORE, TH S-I1S-YOURS or COWM T
per for mati ve. intheembogdiarentiesentieddersin. rpneiembodimenttbagaclides FeehSnagnvYOURS or

COWM T, then i.n step 122 t he apgent processes. the S i h_accordance
weh its b acklume b8 fueidte ARGR ISR PA RO ERR IR hedtiedts hor
than routing ang defédtdh Qfery!fftin® tHeSusb® dlLeurtet WaheIbtaNRitIn3GAkheRIke Of the
agent, if any, takes place. 15 If the performative of the irnput nessage was

RESTORE, t hen ¢ntertaimpent system t 3 egg e hthppowesonyeit' s obk aokmbuk(eRESTORE

process, undoi hg,what,gv ctiondt togk. recent A RESTORE

per f or mati ve ntihg " B’é%i gfré‘ﬁ?a{“aﬁ"o"f%?aﬁﬁ?“éﬁy ol%#het ﬁgeqs(%)r/c%f’é‘&@é“ §I6de_si re
to undo the nomblubeCHER ofahé T agef 418 beRsEIR Y uRRBIMSTIRS TY agAt413f act i on
with the system s response to the nost recent conmand. 2 0 I'n all cases

after the agentlsaineluidés thataf §R dgeap4 ), for tresameseasai. el aniemboditmentewiicx
routing steps shown in the remni pder of ~Fig. 12 take place. In particular,
in step 12%5, 3?1%* nQfhive 4 fepgra eﬁ_@?‘?ﬁ Wegowg@?%égﬂthéuq%nﬁu@e r?ﬁ%bgg Mhas
previ ously beeged-Ab&S r&hSle !ﬂ)hcggﬂé of i&i}gﬁ{r]ggitshm?kugenﬂ qHéaky BSmARECK M hnkiD e

tenporary request storage unit . , in step 1228, the agent
det er m nes whetdreinstead beaincladed ihuhe Text Iepw agewrddBai n communities. |If not,

then the procedure of. F,g.. 12 ends (step, 1230). The ent has dane its own
work and has no furt %@?Abggﬁ\ﬁ'ﬁ?ﬁtaw ‘%é&%ﬁ@l'mé AR ‘H@gﬁgftﬁ’_é‘?’ﬁsd%?t rk to
performin r ©S BNAGur(reskdlR chifdin RSP expliCit iulgEheR Fin thel User sbodEthe” mv\ged

t hat the agent does have "downchain communitieS, then in step 123 2,
991 66381 PAB Uae&piabiify oruhidcdteptabiigeofithedystemis respgomse totaprpviats Usbrrequess age.  As

ith st 920 (Fig. , this i I Ki the i tati | i
ni 1 322" 1o et HHOU4Maf FOmTEHG SEeTb Lo ReeLiAg A6enk 422 obewn punBIoBR oy
Phere s o nedel SRR BhE5BHGIaTd Bty talioh Ol e F et Pren L NG e

call'ing for thahepresemnembgdinient, theffesdbacknidtentiah fumztibn, whiclstakes the Setm off t he
interpretation was successful (i ent knows of a subset (proper

or inproper) ofuset @Sséémi?&i%‘eg{j@ht?%mﬁg?eﬂfgg'ﬂ%u’ﬁt@‘éégé‘& 418 tsedbei vi ng t he

nmessage), then in st : r 8t hyve
( RESTORE, S 1S Yoﬁ_";ﬂé‘%?‘%&%ibi\gf‘ﬂ?aﬁ %égﬁg‘?%é %ﬁ?gﬁgéﬁ%’gﬁghﬂ% es
identified in tdgent néver pspémisiton quety frym the dnplh Rpututeddr4; opfif iFidges, 2 t hen

ends (step 1230). Each_ of the agents receivjng performatives in_accordance
with step 1236 fespandawith apextre wepriority sych ghabit wilhaevenpe selecteds Insigad Fi g.

12 procedure. |f _in,step.1234 . ient r .J on
policy for thi s°’?~?§32%E%e%b?‘ﬁ‘e?ﬁebﬂ?gg‘gﬁ’esgf g%e%%ﬂ%?g%% rﬁblnﬁ h|§%tlgste'?téﬂrrpor ary
request stor agetratidits h REW&RDSécﬁﬂnixﬂBtcﬁiheanﬂuﬂR@gﬁl@ﬁ)rmwforiﬁr@pa@@ﬁhﬂﬁ hai n
agents with an | S-TH S- YOURS fQerfornl ative {step 1240). The procedure of

Fig. 12 theRSenthsoyghouthd &809f thewngrworks RIEW ommardsassued bividia Feedback
procedures of Fig.,6,.,10 and ] ing.to step.1226, if the agent

det er ni nes t hat afe[nt Hi2 ﬁ?‘@(/iaoum&?%&eq% t&f@ﬁ@g%ss%rgéft%mvggt 9*8?% he
RESTORE, THI S"ééﬁ%ﬁ?es%?emovfém ﬁ’ro?o@@ibﬁprmﬂti ve, then in step 1242,
the agent retrieves all of the answers that it has stored in its tenporary
request storage unit 326 in conjunction with this problem In step | 244,

t he agent executes the PROCESS ANSVERS routine described above with respect

to Fig. 11. The procedure of Fig. 12 then ends (step 1230). Fig. 13 is a
flomchart of the nethod perforned by an agent of the main




25 object class in response to receipt of a USER- RESRONSE perfornmative.
This is the performative with which the 1/0 Actuator 446 (Fi 4) sends
user resb\‘!hg@@é:’&lack to the agent originating a user inter&&T %@ﬁ*’ﬂ@%est
such as in step 113 0 (Fig. 11 ). Both the nessage to the UO Actuator 446
and its response, processed in Fig. WO 991 66381 PCT/ US99/ 13377 -43 13,
include a reference to the problem LD stored in the agent's tenporary
request storage unit 326. Thus, in step 1310, after receipt of a

USER- RESPONSE perfornmative, the agent rptrieves the problemfromits
tenporary request storage unit 326 In step 1312, the agent l|earns the user
response in a nmann ri bed i nafter th r spect to Fig. 14. In a
step 1314, the agenfhesﬁé °P‘s423 ‘t"oﬁérnl” QR 388Nty IIRFEKES upchai n

of the presenynhieQ et andU285 aleQhbRt M Fi e4t*ﬂﬁeivwwbnawo& &Qﬁowﬁﬁ?ﬁ t agent.
In step 1316, the agent théen interprefs the problemagain and atténpts to

respond to thfbouﬂyfcgulhatramn;}ﬂmg@esmmmmtmhetdwnsmﬂpdmgmsgoaqugt st or age
unit 10 326). This . js cco b vi di ng the probl mII~aa|nto
the PROCESS MERtpeRespBiarile @2%'0“ “gp"l‘%é“eafﬁ&g ?}}eéﬁﬁ%ﬁi @W&Et“(%’?%p 1 318) .
Fig. 14 isga n ne
sinple | ear ni ;neé%@ﬁénifoagle e?%r{t] °§‘f§ ﬁeg{l} lé?%o&@s%ée&?ﬁ%\t kﬁﬁéﬁ?g%gen? e?ner ely

adds t he wor dVaR mbnetmlnheedatatbeﬁmheoﬂdmeﬁb&dﬂewn whi ch was included in the

nmessage content, to;ﬁ%S the interpretati ofg&; able 322 for this agent. In
ot her enbodi rrents & Vnageat 4150h HRehemAted qvest 2Rs $284 3 8eyndagsntcidn. be

progr amred. \gé@'@org-f‘ge%t 4§i‘%n Qﬁn‘ﬁﬁdﬂi Sadald$4. ﬂ@vle@oh%gé‘nt%ﬁ‘%&%t of the

met hod perfor an- agent’ o the mal h obj ect class I n-response t
recei pt of amsLﬂl‘;HcEﬁRNf p@dgnificatior egenT#36 il £BRRIng dgemet3BorStiRting egens sent

for exanple dovvn hai n, a ents erf ep, . such as 1314 (Fig. 13)
As set forfh i4 F'Bl‘tf "EAF@I %63@%&8@ ntf32e| The PRwary $Qunde movi ng
the entry for (o} t S4 etation
tabl e 322. The\&@ren ﬁl’;l[ £t ogﬁsd {n:ga?ﬁhl %Smg% oﬁ/(\)/a?g {340 Uﬁ%ﬁ‘t’

performative tréspeétia/elyyvarelmlarpahﬁn afjespexial lparpise T VIAdtdator Bgenprag achtse 2 5
ends. Fig. I6 is_a flowhart of the nmethod perforned by an agent of the

mai n obj ect clsa@,csalnprpqe&%rwm@léms&)efbmtwm refwséﬂﬂfempmap fremaliti ve. In

o oblore. 1 n <85 B neighBhrafl ko TR U, SO he BRAR LD AR I, DT

asks the user,3)tbtiUlindtdrtainhent &Gtanol38 fioa si‘ngl&db@dtboﬁ&ﬂQinghl)CfTheommnl ty
known by this agent is to be responsible for the subject nessage In step

1612, after t rP@vzpsefﬁowasMas@ﬁ%@edegh%ée%g%Ghmeaqussntﬁ A28, 480 438 4% et at i on

442 and 434, respectively, also store, in their Special Processing Units 316, the
current value of the various settings of the home entertainment system 138 for
which they are responsible. For example, Sound agent 430 includes a register for
20 storing the current volume setting so that it can properly answer a user query about
the current volume setting. TV Actuator 444 is a highly degenerate agent, omitting
many of the functions shown in Fig. 3. For example, the following could be
omitted: learning unit 324, interpretation policy unit 322, useful agents unit 334,
temporary request storage unit 326, learning unit 332 and rewards unit 314. A
25 different embodiment might retain some or all of these elements, and simply never
use them. Alternatively, the TV Actuator 444 can be thought of (and programmed

as) a non-agent process.



policy by storing the user response in the agent's interpretation policy
unit 322. In 5 step 1613, as in step 1314 (Fig. 13), the agent sends an
UNLEARN p®Oro8t6638li ve to all of the agent's upchain nei ghbotGI/U$H/183@p 1614,
t he agent then passes the DI SSATI SFI ED performati ve down to the nei ghboring
community that has been chosen by the user. In step 1616, the procedure
ends. Fig. 17 is a flowhart of the nmethod perforned by an agent of the
main 10 object class in response to recei pt of a FORGET- PROBLEM
performative. In step 1710, the agent §'bﬁrply renmoves the problem stored
under the problemLD. specified by this™nessage's content, fromits
tenporary request storage unit 326. In step 1712, the procedure ends. Fig.
18 is a flowchart of the nmet hGAMBEHHEAtAAMENg Agentsnt of the nain 15 obj ect
class in response t J - F : gl ile a
pure inplenmentati onqg%%tgﬁg@iig%éﬁgqﬁéke/ |tt§F c@xd %& tg{ahgﬁg&té?\é?rreé: ¢

t heoreti cal | y,and feply aciessagesasipg iacahventisnal ideclaratiof kiywledeagp@sentdtiont r ansm t
commands to a particuylar agent's eci al processing units 326, even though
that mght red#iguass xsaradge KF Girf VQF‘?BepBBeré inessFommaght & Gopyaieadl to the

speci al proaogce I']ﬁgl I t rpits such
commands t%’?oﬁg t n%ﬁhé%ﬁégu aghﬁ@k#@%@?@f%ﬂﬁg%?%%ﬁ%ég§%@ﬁg§n in
Fig. 18, in staap dlBdm@ry dhformbl éreclogies defiing theotodabdagasmiarislisbivaing@sses t he
nmessage content _on to the agent's special processing unit 316. The

procedur e t herK@Hsisdsscaiped mthy KQML b9 refsrence ncermorasedaboveeQigeista net wor k

of Fig. 4 incl j i | Lations of. objects

i n special obj Se%@%ﬁ%%@é&?ﬁ?@ﬁ%ﬁ éﬁ%fvypﬁéa"n%ﬁﬁa%%ﬁ%‘@g 8‘?08% g{f’orrnﬁgxgg,d in one
enbodi ment, al ducﬁequesyii\}%_stahﬁg,rbeﬁe\mfglsr@umngwm'g,adubmmgt aRidfREME 1N
speci al object cl asses ich extend the main object class. One of such

agents, i nlParKQM messagrs (Flexealledneriopmutives’d rplydep gumiggr of figlds, insbidinge WO

991 66381 PCT/ US99/ 13377 .- SGri -Thi di.ffers from pt her agents
"1 the netvior k& teRas Fop ekt elipaibled O Bl ibich 8 s Lol R9FRe
functions t hat with tHeefhfbahdtfoniintht fRssagebdntenEeldl The repeivehbadiment ekiengd i ons
step 521 of Fi Fig. 19 is a flowhart of the agentspecific

gom’runi cat iOI onhgmgﬁbm iwowm@fénmaemém s fplavsaghese pnioxin%ivra wi | |
wchinthe evefe F10paF e GBREH i R SER LW R Bty WRBuF SE Bl Cicens,

in step 193@, pdentd rst determ nes whether there has been a user voice-entry
timeout. In partficular, the agent determ nes whether a predeterm ned pause
period has expired, wthout any further changes or input fromthe user. I|f
so, then in stg&éxgﬁglz, the Text I nput agent 410 sends the input nessage,
as it currentl , to all of its downchain neighbors with a

TH'S | S YOURS perf or iiyehieneed 16 registr haRGIASAUPERA it bbF)io khd i || be
appreci ated that the I'nput Regul ator agent 414, which is the only agent
downchai n of Tenessagapuo angeanotierO Unlke |othessagentibased tsiistemsyeins thgepisyent

attenpting .an interpretation, an rying Lt wn downchai n 15 agents, all
as descri beéd af§ B.d#'ﬁ@o&hﬁgﬂgs ?ﬁglﬂgs.& ¥\§a,rgpkalgotggreargegtaiaeggmr[ayoq out has
not yet occui T i APloedIREd \th patibdlal Eth h o‘?\éﬁﬁgi?er by
pressing the eﬁ’tqg}&wénftréc:ﬁsgﬁgﬂgggoapd) thatﬁhel or ’gﬁeggﬁnghéeggt C r?m't t he
message as it owith dt ipchainaant doswnelmind etghbotsh dEach nagente puplddl ceiving Text

| nput agent 410 sends the ness as it currently 2 0 stands to its

age | of
downchai n agent@ﬂ&%&mm»?dgﬂm HREHEINEAZEN S fame and,addgess o H%@S@éﬁ?&i n
agent, Input R ah ol ﬁstQ oL TR ep 1900
t hen ends (ste?%glg‘)%.l Stf%}ﬂ:’rqor{l se?‘P g?%%—'gﬁt%r fl ?ﬁ%e%@gnas h%:(rgour&!rag‘é?fsand no
user conm t2s ndtselicomventiggalbeen detected, then in step 1920, the Text | nput
agent 410 determ nes whether 2 5 the user has indicated dissatisfaction
with the response of the systemto the user's nost recent query or conmmand.
If so, then in , I t agent 410 sends the prior nessage
to its downchai @mggmﬁmgéw%rformti ve, to cause the systemto
undo its incorrect action, and then in step 1924, the Text WO 991 66381
PCTI US99I 13377 -46




| nput agent 410 again sends the prior nessage to its~downchain agents, this
time with a DI SSATI SFI ED performative. Step 1900 then ends {rste 1914). |If
no user W¥PE¥6@Btry tineout has occurred, and no user con® M%%gilﬁﬁi on has
been detected, and no user dissatisfaction indication has been indicated,
then a 5 step 1926, Text Input agent 410 determ nes whether the user has
indicated a desire to undo the previous action. If so, then in step 1928,
the Text I nput agent 410 sends the prior nessage to its downchain agents
with a RESTORE performative, simlarly g step 1922. However, the Text

| nput agent 410 does not follow this wth a DI SSATI SFI ED performati ve.

| nstead, step 1900 then e dsﬁ%ﬁ{ ep, 1914) . 10 If.lno. user vqice-entry tineout
has occurred) and noSHELIVERisRIMeTARTRIS Of FRPITSDIEL NPT SFR¥HCIHENS has any
user dissati sfamtdtid apaRs Windlian a&f réteivear ADYERITEB Rk shigen ubBstesas €d, then
in step 1930, the Text Input agent 410 determ nes whether the user has
request ed t hainterpretatios pplicysoasta redirdse certaerorequestsito sl adverising agestt €phid 932, t he
Text I nput agent 410 sends t | ast. nessage to.its do i 15 with
2TH S S YOURERPB oy FoRaRe e R Sl oA G AD PESERE | o host
recent act50NmeshePisk@ARed NGTABVERTISE fissh@d thiiicatky RESAhu MR BAHCHYRS Sage

Fl ow Most ofthe flTowharts descri bed above represent object class nethods
of 2 0 indivi ddertisupagest bekings. Rorezdrhplé,nD BERAES Hmesshge fagreMiewpartor k as a

whol e results from_intergonmuni cati.qn anong the agents and t he perfornmance,
internally to*‘%‘%h‘”&gﬁ@nﬂf,6 %F“tn%fiﬂ'ﬂé‘t%&hqaga@ﬁ& C‘H?é%éﬁli“%‘él MGSRBES | n

order to bettepngnoAhe Wdtes Wi, mgmle SHIRNY <8l dJr TEgRIeNt thehyaik as a
whol e, Figs. 201,1 21,gaﬂ22 andS 23 are flowcharts descri bi %g t he seq%%nce of
oper at i on t hatredehenghisvineskage fairéddy. kndwp of irmting agerf that waesponseivealloért ai n

typi cal user voice input. These flo arts are nat intended to cover all
possi bl e é@qué%@gledpgsé%&? en ‘bﬂ’l‘ll ?‘ﬁ'ﬁ@f‘?wﬁylaldﬁ?f‘ﬁ% BT IRIE SRIFINTEY t ypi cal

sequences. eg&;ll / 3 i i e t he

fl owchart begi\é{r?s %ﬁ%ﬁg% %i §?% e&? gé}é&ﬁéz‘megg %ﬁgagﬁ)nggée{ég%}%g%cgause in
t he user's voiammnumity if 88 @preatihtyprefatios pelpy20indy addit acsnevd esramunity. h st ep
1912 (Fig. 19), .the Text Input agent sends the input nessage as it
currently stantsallowsier morsthanrag agest @reb%%mefm_@nwmreéatmcsm@mmRs 5
performati ve. 1 A Hvh AlD\AE agent

41 4 has not se%fﬁn@h%gdg%@bﬁreeénbgg?\ c}?:ééﬁ ?‘?@p lzz%ﬂs%plgem%;ﬁtsggﬁgﬁ%%&eeg have
downchai n T®maraconventigmat.ep 1228, Fig. 12). Accordingly, the Input

Regul at or agent 414 attenpts an interpretation (step 1232, Fig. 12). In
step 2016, the I nput Regul ator agent 414 determ nes whether it was 10 able
to interpret t?ﬁﬁ_@_@tqﬁyage (step 1234, Fig. 12). If so, then in step
2018, the Inpu egulator 414 sends THIS-1S-YOURS to all relevant downchain
communi ties identifiwheh&n bgemt issbesessfisitiminteprering & apsdaged. esttkpagenBhas Fi g.
12}. In step 2020, each agent downchain of the Input Regul ator agent 414
whi ch recei vesmedenrautimgiigemenariontss the message) the message must kedppwasded ©r ms
steps simlLar t hose, of Fi 0. i . i JE 2016
the nput. PEgur SRR G pieteieh Sorinuly 358 phtB AL e wh tidBhER: L0

i nput nessage, isifbevardéd iSdatied PAR2IS-YIDUR S) Tk rddegitigapent kag@sthatdflidciner es the
problemin its tenporary request storage unit 326 (Fig. 3) and queries all
of its downchainterpegs thismessage, ten thepoint of conimraictiqnds Fﬁtﬁ%arievmzls,taéquss and

2 0 1240, Fig. 12). ent yal | | of ft, .S @ 10, of e _ ] nput
Regul at or agen {heﬁautﬁge@ﬂ%ﬁ% agéit é ﬁireﬁﬁg?@}ﬁ{s@g? %@?4%%5%‘?"?@?3%&%1 passes
through the Inpyp JRATHHR RRGUIBGE AEent 404 RECHURRPrB@liSBalcY M8ht il Gfessabes and 11
herein, including the application of quality criteria (Step 1116) and
attenpt s t @Sautcontatningatht word $HVV ehahilbbe mwtedaidi TY sommeingy A18.oThemdrpus hi p
step 2400). The contradiction resolytion attenpt at thi.s stage .follows
<(31ut olrorat ed z:ont Regplasqragent &g mill fonya %‘81"?3?% tg%f‘f,ge’ltﬁ‘éﬂ\ﬁ%%‘?m‘%gm%tm yet

asked for a resgl %%@Pe){ahlgieh@e Bl RERI R 2 prR p GBIt id o THES- R YIRS OENt S

respond, in step f nput * Regul at or agent 414" determ nes whether it
performative with the input message as its content will be sent to the TV agent 418.




WD 99166381 PCT/ US99/ 13377 -48 has received one or nore non-contradictory
clainms ofownership fromits downchain agents (see steps 1 120 and | 136,
Fig. |1).wDf99i6638has, then the flow returns to step 2018, iRPCWIsS®3sHe | nput
Regul at or agent sends THI S-1S-YOURS to all relevant downchai n nei ghbors
(step | 142 in Fig. |1 1 ). Each downchai n nei ghbor then 5 recursively
perfornms steps simlar to those of Fig. 20 as described herein. If in step
2026 there are multiple contradictory clainmants, then in step 2028, the

| nput Regul at or agent 414 nerely returns MAYBE-M NE (see step 1134, Fig. 11
) to the Text Input agent 410. Recei pt‘816‘a NOT- M NE performative from an
agent in response to a THI S-1S-YOURS perfornative indicates that a 10

cont r adi ct i onIHATISCQAUREAD. [TAHSMIBE, andMAYBEDMINE di f f er ent
performative for thi,s_putpose, such, as. DI CTLON, . but .in the present
Erbodi ment ¢ he. vavBES RIS BB raT R OB emAgaT P saeoted o e

neani ng when ﬁ@%r%@ﬂageﬂtsrsﬁﬁﬁéeﬁﬁémll6eEﬂaﬁohﬁn%ﬁnﬁ%éﬁt@ﬁmHM;@ctlyUpon
recei pt of MAYBE-M NE, in step 2034, the procedure endsS and the I nput

message is si mperprat@moeseage ang Wl have 2quenthe pommBnitiesit knbwes afewpit faress t hat
takes place in the variqus agents downchajn ofthe |Input Regu] ator agent
414°  bot wedn CHES ESRRESE b an ARG FRATGY R DISIREE Al e B AN oA

| S-TH S- YOURS , b ' dgWwae Nad i e and the
time that all ?ﬁgﬁnﬁﬁgﬁbﬁgﬁkﬂﬁgf ts)lslrkgspongl (sﬂ%%%%%ﬁﬂ al’f‘ﬁgsse&fcﬁgﬁv\% S'arts
21-23 are not dosmeksmcomynunities usoigtan WREHISHXOIERS perfohnativé Oif ansigend e
agent. In a step.2110, the _.agent receives the query. fromits upchain
Sender. | ni ti PTG SHah AREFRIARHIVE hasEn EREsiston Pl for erRestanherEsN Fi g.

4), but the fl IT9SVINE perfembide. 2 ; ; i agent
in the networ k@%ﬂ%&ﬁ?ﬁél'gl}gj ect g%ent iﬂs rlg?g%(l;)dhﬂ% ga\%n%tlﬁgﬁg&mﬁcharts
as agent #.0 |poliay &irapnéddgr, if tha eneaspge (ordertenfit) isosithivhizs ben lddabdomesisafje i s
withinits own 2 5 | qcal dpomain of responsibility, or it _kpows of a
downchai n agerftesﬂﬂns‘é’ggﬁt%t 63%"68‘8?33511 éﬁwef%gﬁ%'s%%ef it) s Wighin thian
control transf : } ' Vi,,%-r' erel I f

t he agent does&{lnz"‘t"ti gf%?ﬁgr{sﬁg%gérgggt?é;?&]n% %é? , glﬁélle og%l}gh%ﬁrﬁg%eégény

i nt er pr et at i onthp&drincidoffairegl regpoasibiticy”ds défmed pexdysivetyor ed which fits the WO
991 66381 PCT/ US99/ 13377 _49 input negss%%i then in step 21l 4, the agent
det ernii nes whet her YghaaaenErepelyng bl -THISKQURS ipegormative does Ratdwve n st ep

2116, thel ?99”&1 ikgegﬁrﬁe&?gg'gﬁéyvfgﬁgk%&%ge,%ﬁ lﬂﬁﬁ@oﬁﬁ%%rdovﬁx%ﬁgnﬁgig?%dg}3 I n

Fig. 9) the a ownchdr’n communities, then I n 2118,
it queries all(if tanyy Gwwe Ractn ac polioynithére sheviagént arespdndd with & YAIRMINE
performative (step 930 in Fig. 2120, these steps repeat

3 g- 9). In ste
recursively i nPeERImativeanié the %CQWFRIW“EVEHEW%YQW%E@@EQ@ hasgase #i has
received all r f | s ' Lyi 00k | j riteria
o each r esponiBiang ayel SRR N Re A Sae BRR LN eS|
claims of ownegtghithe 4geherspdndl vith wMANBEIMINE ferfokhative. | N step 2124, Agent
#1 determ nes whether it is 10 left with non-contradictory responses from
one or nor@0of its downchain agents clainmng the nessage or parts of the

nmessage. If so co ers to the flowhart of Fig. 22. If not,
then contr ol tpm&ma?@héﬁmmrt of Fig. 23 . Referring to Fig. 22,
in step 2210, now t hghedRiforriativesareuSédto f6rde the BEstii foA i s etotra@isisHIS €S

fromone or nore downchain claimants, it returns IT-1S15 MNE to its

upchai n sendi ngxpesienced( by ghe Systam.ednadaptivesembasimertis cageradistiom pidye apat h
back up to the.agent which initiated t.he 1S TH S-Y S? query,,.in this case
| nput Regul at or‘mﬂﬁﬁa,"t prgkef gt flﬁ%{‘%oﬁgp%‘“%‘& i}e et H’ggjgl é%?eSPBK*'He &8‘? &inwth
respect to e hdiotd : m gilis guery
because it %d @gnghc%t@gﬁr}gg%igﬁgmkgﬁ&%fﬁwéyﬁ? Ive ﬁrgﬁgﬁﬂg‘ﬁ%ﬁh
upchai n nei ghbdn tiielegent hegwdrkagianthe or€spnt embrdaper@ 0&shtialicton20cur amthei t had
no applicabl e ifnher,pret ation policy. After all agents downchain of the

| nput Regul at or’O8¢¥ME CALA: have responded (step 2024), if all contradictory
clainms of ownership were resolvable automatically, then the Input Regul ator
agent sends a THIS-1S-YOURS 2 5 performative to all rel evant downchain
comunities (step 2018). One of the responses being considered by I nput
Regul at or agent 414 m ght be froman agent in the path | eading to Agent #i,
and any resolution of contradictory clainmants may or may not resolve in
favor of that path. Any agents between |Input Regul ator agent WO 991 66381
PCT/ US99/ 13377 -50




414 and Agent #i in the path may al so have nultiple claimnts to resol ve,
and these decisions may or may not resolve in favor of the path leading to
Agent #i WR9/638ing to Fig. 22, therefore, in step 2212, tMI/ESP8AE T by this
process determ nes whether all contradictions occurring upchain of Agent #i
resolve in favor of the path 5 leading to Agent #i. If not, then in step
2214, the nessage will be handl ed by sone other agent in the network (using
steps such as those beginning in step 2216). If so, then eventually, in
step 2216, Agent #i's upchain neighbor_w || eventually send a TH S-1S- YOURS
performative to Agent #i. In step 2218," Agent #i takes any agent-specific
action in resFonse to the input nessage (as in step 1224 or 1222, Fig. 10
12), and in step 22%henjan apgaistiat g rsceived mJRESHS- YOl messegs eansat  agent s
downchai n of Agent jterprEhitgtself andhell pfiiisieommnnivibs uport beingewared kesgender m nes
the correct paths) withiNGT-MINEotessages. mat e | eaf agent(s), and then causes
each agent in the path to performany agent-specific functions that it

needs to perform i nWRARANGRN! that Res FRESEDE THIS-RSYDRIKNY ARRGdge bahndt ep 2124
(Fig. 21), if the Eiﬁ&ﬁﬁ%sar{oeﬁsfev n fIn@MBFAGCHmrfiinitesAPNA A pﬁﬁb@hbor S,

either all decline : Q€. n Ictory
manner, and the contrgg{%ﬁﬁgg@ra\%ﬁtg %&%Q‘ggﬁﬁﬁggau on%?‘?%(a: T y, then
control passes to t flowchart of Fig. .23 , In step 231Q, if all of the
responses wer - NOT- ﬂb%\‘ﬁeBF’FPéﬁs%‘i‘?saP%ﬂ‘?t@é}tW‘mga Eeﬁ%ﬂns%lgpmdé%\ﬂé‘ﬁ&’i n

nei ghbors lave 2 0 declined the nmessage, then in step 23 12, Agent #i

ret urns NOT- NI@rifrst owp bthesecdasdsicas empleate tigEOMNIT pérformbiives whedehs thet be i n

any ultimtely, .chosen path for t i.nput. nessage (unl ess the user
bl 161 1y seltbEt GREHaN AR PSSO S A AT OF1 £y T i step
2310 Agent #i's receivpeibaiPatRRAed 0Re Bithe ﬁé@ti&ggfmpﬁlxﬂn}aﬁt agexht!% mor e

than one of Agent #i's neighbors have clai nmed the nessage

cont r adi ct or y imvRigndnis toldefeematiervdhen it hak eecqred enopgh of areinpat neessdge\fedh thy  Agent
#i, such clainms might include both MAYBE-NJ erformgtives received as
wel 1 “as 1 715 S WpRR Cpr REHASRGBL0 FUBPPEINEd: TREGCERS i LESLIpg S8ty

| T-1S-M NE \@o%gﬁﬁ%%}%%%%ﬂé&ﬁgéénﬁ%ﬂgmp&h&%g%% men\é?%dg Q6ehYete | N any

event, in step 231 ent I ch has received contradictory clains of
owner shi p fr oninpttR epmbataragent 414 wiihaoFEIS-E- W OUR \werfsbnhiNeg after ¢viesy wgrdhai n
sender (see step | 134, Fig. 11). .Agent #i does naqt K t er. to resol ve
its contradi ctiPOKeHPY thy %SC?PHéI, a‘f: Aot 'ér‘ﬁ‘f“‘ﬂ%b'élfé‘%ceﬁﬁ\él' ﬁﬂ"ﬁ”gg’e dfABde 5

pat hs) for the.| g olrs iEVRNsiuAG s t 1 Eieual 'y,
as with step 251@9@%@:&13;&2%}@%2@3@%% estlfé]rrréngg)\?ﬁ@haeﬁﬁviigtgﬁt #?i isto
be wi thi n aopambssage sitiplyadissipatestafier thednputriepniatier. 4 1Al recaines litaireplies back
contradictions _ would have to be resolved in favor of a path |eading to

Agent #i for Afemallefitsdpvenciainneighbors.JiepcHonisiakephydhesystemy whighimpy not t he
case (step 2316).,: . i | t ndl ed
by ot her agent g%alfs;’qigéﬁﬁq“#ﬁh?g\g%vrﬁ%t}%ﬁtf{;‘g et e??ﬁgﬁeug% P%Tg*; ll\/’é/?‘ltlJh‘?/gr‘inttahe pat h
for the input resRAGef *ith WietddditionbEthelusatsmmxaworiatvhivh hopefullyerill spabie
message), then in step 2320, it wll soon receive the input message from

i ts upchai n nePHHBIPreijtion. At sameoing, awsver, thsyssr might imply asegpressassyire

However, sijce agent . h | £hl t el sol ve
15 through™its f%r[}ﬁ 85%?7"&%&3%%‘15 ﬁ%{ ﬁghg&gg%tﬂﬁgﬁ 5%537 f;eé‘f H&Q{s%\?kQ%L@M NE to
i ts upchain serggls th&inpi Reskie asThehef ¥taheidvie o tedngus Repiiladde ageas @14 i nput .
| ft heuser has finished inputting, and the system neverthel ess has not taken

action, the usevitmaCOMMIE perfopnmive. Notq thah it arfeembedimenth theCCRMMIT
f ti [ly.r h A i 32L) . A t, #i
Doent 20 speciieneteeitimpfemered i LTHS 1 Y QPR S Pedmpl Ve FEOMMEE 707

resol ve the compagi ction indicated by the responses that it previously
received in step 2024 to its IS -TH S- YOURS? queries. Agent #i resolves its
contradi ctidh by intdfabd penging contradistionds at sheefnppB Repulatbheid whensthep 2326,
it sends the ne nto its.resolved dowchain ent.s) w the, COWM T
performati ve. E@@ﬁ@ﬁw@@ammmﬁﬁﬁ%@ﬁ%“g@w%ﬁfg 4%0%&52%@013&65
appropriate action in response to the nessage, beginning at step 2218 of
its own inplenentation of the flowhart of Fig. 22 (if that agent had

previ ously received non-contradictory responses fromone or nore of its own
downchai n cl ai m ng nei ghbors), or at step 2321 of the flowchart WO

991 66381 PCTNS99l 13377 -52 of Fig. 23 (if that agent had previously
received contradictory clains of ownership fromits own downchai n nei ghbors
for this nmessage). Fig. 24 is a detail of the automatic steps taken by the
agents in the network to resolve multiple downchain claimnts of a nessage
(step 2400 in Fig. 11 ). 5 Different enbodi nents can use different

o v o o e o o — oy L o




interpretation policy, then it passes its own priority |evel upchain with
the IT-1SMNE performative. If an agent clains a nessage only because one
of its doWtméeds8lagents has cl ai ned t he nmessage, then the RFGEAUSIPEBIES
upchain the priority level that was specified in the downchain agent's
IT-SMNE (MAYBE 2 5 MNE) performative. Thus, together with the choice of
a performative (MAYBE MNE or IT-ISSMNE), the priority level returned with
a query response indicates a confidence | evel with which the agent bel- eves
that it is the ower of the input message. Such indications of confidence
not only can be used by upchain agents i WD 99J66381 PCTI US99J13377 -53
determ ni ng whether tg discard the claimof ownership, as previously

descri bed, butthgcontipdigtions ey pradeiinedospniradicien gesotusion) proceduretaap ke Fi g.

Focus of 1 he. rEapyrRedh Gl it RR AEF Bt b o BT BFiuientirhe

overlaps 5 w td[uegh freaiser meoapypr@feaabm QrLMbtonesdry  IFRe Rkatle, if theMput t hen
there is no contradiction and the routine returns (step 408{1 | f focuses

do overl ap, th%ml%ﬁorsﬁ&bhmeontfad@tlagé’ﬁ%auaeeﬁlépmtﬁégwmmmemg boes baves a tie,
11 h t he_ hi ghest
D ori ty 1 evel PR PN ER PR Rp el 1 8 Sal B B oerrenhidEnd', P hoc

then the agentinpiosessi@sieens e £anneda VR fifctiing BRtInpit Fdplla¥or AUGhedM NS.
The |ower priority clalmls changed in the agent's tenporary request

storage unit 3BustvitaimEIprerstion pedicy 32 2rin aoeerdan@ with thehzser’s responsea By

previously caused either Th wCount. t o

i ncr enent ed, slﬁ‘gﬂlv@gﬁﬂ? useE! nﬁﬁww&v@o‘gﬁ% %ne%‘&%faw‘“gﬁlwﬁfﬁf’ith% t hen
returns with tb@np@mornadm@ﬁduonumee%@ﬂsy@dméﬁbm naéﬂezéby ré@ucefl, IS Gortedr @ tie
in priority levels armn?lpowners ip claims with overlapping focus, then

r esol ut i onl8ondistribetiomp mng@crosstmg!@ermnetwmkaﬁ Qj’@lﬂﬂeﬂhm det er mi ni ng whi ch
of t he hi ghest pri or| cI ai vvlth had .recej ved an

i nput nessage nost ﬁlﬂPeyfm é’% Bﬁg‘ﬂﬁtﬂ E‘J% tggcémg'ﬁg‘tcﬂ‘é" dt § ttﬁ?nis
predi cated on H&@sa@@s@r{ RO Ro tifatresdfied &)\M\%ﬁimnﬁé‘igl?oo?‘ WRAugstonalef ed to
one part of the home 2 0 entertainnent system 138, "the user's next request
is nore |ikelypetionmative. Ifahe Bipat Reg@to#@%mmdrqmmmf.coﬁmdmmr(ﬂiae t he
user mght say, "Turn_the_vol une d by "Upl". If the first of
t hese requests %Q?BT‘\?&%P‘E%EWG‘QWE‘P?E?WM aﬂ\é\ﬁwr%’é’“ioﬁth@l%}’mﬁ‘eﬁaﬁ@ Sound
agent), them ifpdys hd Ipub ReQstoPl 14 RERR th t uld be
resol ved tg'%t hté ésalr?etmggégﬁet E&f?tetlt hgﬁut a%ntg Channel agghﬁﬁi’%"i‘%gﬁqﬁs‘ggz 5 4,
for exanpl e. Adwerpdé¢ted dywnehainmaighbgr with Ri GQOMMIT performatitee fTHACOMMEE agent

determ nes that of the two or re cl.ai m.n ts with overl appi ng focus
and havi ng t he PFgHRAVe BFQRIBRES, °‘Y’h%§}‘aﬁlr‘g g"é\?%P{&f‘Fé\eé‘g%r ﬁ%é‘i‘i‘%@& l e on

the basis of r ency is
changed to a SR i g 8 usgéﬁ%%%%&“%‘imﬁﬁdi%a“?ﬂﬁﬁfﬁsg feount or
TheyMay KnowCourGOMMIT! gerfappatineronad e néetcagentémthe dhaih. Thetodpral 4ddirddistionout i ne

returns with the contradi cti on havi ng been resolved. |f neither of the

first two stge§saitianproesshmayayedin Ve SRl HSPIRteRACHORS Intihich hersystam| e t o
resolve the co n step 2418, the routine returns w thout
havi ng resol vegbtskﬁfeﬂeg%%rﬁgg Q‘?l %ﬂn in the future a COWMT performative
forces the agent to rEsdcial édmradmnmnasbmﬁomocedure\usbdmcdlmapumega&karng t he

user which of its downchain _neighbors should receive the input nessage (See
step 1130, Fi g.ageny414risi @Sm@?dbé mase gaiil jbelquawish respegt t@@&pfde A(Hf(fté?ﬁ ng the

user the names escri f bor

enbodi nent theg&faé ?ﬂberqegplg % lilst% gﬁg%a\?lmQ g‘?ﬁhlgté%ﬁag(g gor]x Brocg%ﬁg,cti on.
I'n anot her ggbogliigagkin atd?ﬂeréﬂ%iboﬂin{e'ﬁi difefenO¥Eentsitan GSQiiF&enticdntadieddrer ed to
t he user in accordance with one or nore of the autonatic tests of its

contradiction r mdutm pnmcedtgcsr i Siteymare than goe ageat indhe setwiorisneegdstodbeiableand

2414. I n any event, user v? t ual I%erespo ds and the systeml rns the
15 response in Hb&B‘Frbjé & Usef 38eBRIAUF SUGY apgrgs througlia Gemmon /O,

exanpl e of SySst QR SGCwhick Won?is WEEL GEeht 4 @memrsuéhl&)se( frtEraction
detects a user volce-input nessage, "Picture to the right." It passes the

nmessage 2 0 to the Input Regul ator agent 414 with a THIS-IS-YCURS
performative. Assumi ng the Input Regul ator agent 414 has no interpretation
policy for this input nessage, it sends an |IS-TH S- YOURS? query to both the
TV agent 418 and the VCR agent 420. The VCR agent 420 al so cannot interpret
the nmessage, so it sends | S-TH SYOURS? performatives on to each of its own
downchai n nei ghbors 424 and 426. 2 5 After further communi cation anong
agents in the VCR subnetwork, eventually the VCR agent 420 receives

NOT MLNE fron1a|| of |ts domnchaln nelghbors It therefore responds
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the domain of responsibility of Viewport agent 432. It therefore returns
IT-1S MNE to the Input Regul ator agent 414. Since the |Input Regul ator
agent 414wvaay6@show recei ved exactly one response cl ai m ngCOTAESIH/ N3
nmessage (that from TV agent 418), it sends the nessage back to TV agent
418, this time with a TH S-1S-YOURS performative. TV agent 418 perforns any
speci al processing local to that agent (which in this case is none), and
passes the TH S-1S- YOURS perfornative on to the viewport agent 432 in -
accordance with its interpretation poligcy. Viewport agent 10 432 perforns
any special processing local to that a'gé t. Then, since the Viewport agent

432 does have downchain neé‘ghbors_(l\/ag_ni fication and Shifting agents 436
and 43 8, respewrs Jaogs embediment, thisasenipteraasion kakssphabs b thiefkegmardi2tsuch

i ghb houl d .. i he | it i es b foit
Gownchal n ot ing 15 toafafrdf b RBlhe A AR pisesh et s 14 hon
wai ts until i tnidaphdn€a80 VIadeddnoting RABEEMehT, ArThIaks Iplad8 9 S mbbndiSorger | ed.

The Magni fication agent 436, not itself recognuzing any word in the input
message and nbempanterignaayt Yoemct3di n conmunities (TV actuator does not

t, b it h ' itself havj ticul ar donai
of responstbi i ty). TheRSALFIER SR mERE s S b st Bun cy
438 2 0 does KQGRGIMtAEs ERrddRpigh hisRaGed gRnkedianal s P) g2kl Agent

440 (because of the presence of the word "right" in the nessage text), so
it clainms thebotsdryanbgutside iautiiargy,asuch Tas| beMsRE infosmadbe Systériehati 2wpor t

Guery, has norbrEtdsplaRsedirey Eastinatr (B ebdedolidhis S, PhalrDr 6 knovs
that the nmessaggsRf %W&%eﬁﬂin§@br§t¥d§%@iotﬁ ihn_'?_.’erﬁﬂ_l%'%uﬁitgﬁ, lgis %h%%??geb&%%e

message again to Shifting agent 438, this tine w

per f or mat iMe. attien iBiresponsegoaleuser’ s gloranpba (s thifireasanphe agepswageg tweri t s
stored list of .prohlens (in tenporar e e unit 326), and

det ermi nes t haﬁ‘spsPtt‘s gehen p%e?\‘/’la MIS rg;ce@g%,{[vf ﬁ?ﬁfffﬁg}g@? a‘??&t%f‘ﬂ%‘{vet %‘!’é‘hr@ssage_
bel ongs to  WG:ORYRE IarkoiativbPEHAAB Lhdo B Mb@ceRGRbn Adh ) Ftisthe SNI T ng
agent 43 8 retransmts the 1 nput nessage to R ght agent Owth a

THI S- 1 S- YOURS gystefodaesnbt/ know wéheRd thietcoagahictiondivintiinin ths agentaletvporkcssi ng
step 1222 (Fig. 12 instructs TY Actuator.444 to cause the hone

ent ert ai nment %F%‘hf'%ﬁéafﬁﬁc te@ 14 the chainpntil a leaf agentis Frached. FOE BEWRE. t her et o

5 Assune that :Shiftyl 4 d r X4 S} | .

i nterpret a?léonlggg%ilg@ﬂv\%lg @ﬂatgf)gﬁid'e@?ft ggt egal%\ﬁﬁa 8’?‘ gzl% f[nosxi %gprro Pala"ltf N N
this case, upoegmbwireent) recdgrizesudeBdifddtisfactidditah inpe mesdape) foréxaempio by thagent
432, instead of responding |ITIS-MNE, |t re.spg(ngs NOT-M NE. Vi ewport agent
432 therefore PrEscyeitheexclagstiony NEroask’r then it pgs BORAUSSHOBISHIASI B0 even

t hough it has i ” - & i t 418.
Thi s agent mov HE e B U e b e W e

to the TV ageniearh$that masbapés Having shaaaterissicpofiBeinipinandssage thad eesaliiintieo Text
| nput agent 410, where it dissipates wth the systemsi rrplg awai ting
further ing@t. usessigsatisfactiony belongstor TV eagsah L and pel VERcagept #20n i18PWot goi ng

to perform 15 I | I Conu t.. 1 ndi I ONy Text
[ mput agent 41558k A0S Betabied e ARinebIay iledrad Rpbegsin SRR TY T
| nput  Regul at oag@fiant, wififta DISPATISKBD! riformadentT Vidgenham ki gaghes siwen t he

subj ect problem aqd previously determ ned that the message belongs to the
TV subnet wor k. user, ‘{Daeyoufmgan powss seundndewpars agehaarelY oWien thguser respandgi t h a

COM T performativg. T nt 0 4 termnes, & hat, i t, has,,seen the
subj ect proble %’Z‘?&s@yﬂg%@Pgﬁ%‘f'&tﬁbﬁgﬁt@ﬁHﬁlﬁﬁ@{d ﬁ“ﬂ@‘ I}ﬁ;gggago é 1%’el ongs
to the Vi ewsor tang Wagat Wee lerrohéousieinfirpreRdPRsRate b FuritiRs 3808 WRsifatédre

Vi ewport agent 432 with a COW T pecfornmative. Viewport agent 432 al so

det er mi nes t hatdomncheirs neighbom vathy thee BISSAELSHIBDe perfgsmetivee m Than préeess her
that it has a contradiction. The T. perfo tive requires the 2 5

Vi ewport agent °&>§%n‘{36“}1%1§§? gITect %} ‘ﬁ(ﬁ?af[‘?c{ﬂ'ﬂ th‘? &?Ee‘?ﬁct’toﬁilsst Use the
contradiction is in the formof NOT-MNE responses received fromall of the
Vi ewport agent's downchain conmunities, it interacts with the user to

resol ve the contradiction. For WO 99166381 PCT/ US99/ 13377 -57 exanple, it
asks the user, "Do you nean Magnification or Shifting?" The user answers
"Shifting." Upon receipt of the user's answer, the Viewport agent |earns an
interpretation policy such as (depending on the particular |earning

al gorithmused), 5 that input nessages containing the word "Right" shoul d
be routed to the Shifting agent community 438. It then sends an UNLEARN
performative to each upchai n nei ghbor of Viewport agent 432. The only agent
nei ghbor upchain of Viewport agent 432 is TV agent 418, which does not

o o e o . o o T ]




user as above and determ nes that the nessage should be routed to the R ght
agent 440. Shifting agent 438 learns the new interpretation policy and
sends an WL BAR8Iperformative to its upchai n nei ghbor, Vi enMOUS99%J3Tt 432.
Vi ewport agent 432 renoves its previously learned interpretation policy in
response to the 2 0 UNLEARN performative, thereby elimnating a | earning
redundancy in the network and | ocalizing the | earned policy nore closely to
the ultinmate proper |leaf agent. After learning the new interpretation -
policy and sendi ng the UNLEARN nessage, _Shifting agent 438 finally sends
the nessage to Right agent 440 with t he3 VBT performative. Ri ght agent
440 acts on the nessage (step 1222, Fig. 12) 2 5 in the only way it knows
how, by sending an ABENTerSHEGLECVhich thervanipiiyagents pExforu inmspmsetitheo cause

it to nove th ' to the right nincrenent. In this t he
network | ear n?lgﬁﬁﬁ%gp%ﬁ%;m%v apﬁ‘g% pﬁaﬁﬁﬁ(@rﬁheﬁﬂﬁ? UQB@%‘_H@‘QE“X\@%@S%/ 66381
PCT/ i JS99/ 1337ifeq RB c6@PddRiidhesolulidn WPFedSonsEt S indicOMANE ;3'%‘09.95{{%,8“0“! d be
routed through TV agent 418 to Right agent 440. Industrial Applicability 5
In conventional nufti-agent systens, the problens of |earning have been

| argely i gnored Lgni ng agents that would | earn about anything in the
wor | d goesrgggmgﬁm basi ¢ phil osophy of distributed artificial

intelligence. This ngyedMeB& rbRREOR MY HyARAREAP RN tRYDeRE 22l €
i 11- behaved (the nmore they learn, the slower they perform. By allow ng the
agents to adapwontredittiore pamt] thatpagene ledrds ahis oatradistidny resolutinnless a1new

trol, hol.i sti t b ted | ich th le |
oo o LS oa e SRt o RSP M L peo
herein, the Ci}g?ﬁ%@h%és %ntﬂﬁﬁ@b&&id@@fdﬁk%l@&ﬁoﬂ%ﬁld fh@WiaggIﬁ?/ﬁts?% has

benefits for I -agent - systens having | earning cap Ities can
reduce cosiQ ta nude, euoh apesabatdersnsannew nmeerpeesaiogpolicy shoutd askralirgerits 15 of

forms: Ease of progranm ng. Ease of I nt nce W.dened scope of
application BfoM§tang e@“otha@?z%iﬁ{‘amﬁm%ﬂ\? aﬁquyﬁ fERnstatRs toit Ilr&‘ouhand
machi ne | ear ni 913@7 a r ust.
The agents des%:}rginge t@#i&%ng%g&éagﬁhae%gﬁ?%&ﬁés {hg OV{An %S%rso‘:ﬁgﬁ'ﬁg

ability of themsyshenmut-teaac cipiinterpretatgenpalicgt” riNot il reenbodimentsheeedbid i ty of
each agent to ada

t its behaviqQr according tqQq the feedhack it receives
(i.e., learni ngﬁnlgm@mb%mp@%%a&% \‘Ng}oée g’l‘“ E@é’ﬁﬁge bedersatiei®d as

ntell be: b . . b di .
Structure &ad \SSae hedt 16@ed Baitcs ih (b REHA BT b s Eaiit il brggat 1"
conventional npblidy: Sgenibcaliestian s leabting helps tohieeep érrerprdiationf pdlioy datagzeoach are

noted here. 5 Flexibility: There is no rigid predeterm nation of valid

i nput nmessages Smalbsherehydnsreasing thesspeerdiwith which sugh-databases presgerchgdivieacl r eat es
a potentially I i r i f exanpl e,

di fferent agentIg gé @ghgﬁhﬁﬁg%ﬁg%h%%ragﬁfp Qg‘r’"é’%é‘ggéﬁs*‘%ﬁh‘ RXﬁ?{’?' pl atform
execution: Agents can run and comruni cate over networks of conputers (on
the Internet for instance). 15 Runtine addition of new agents and thus

i ncrement alRdet&AMNent of software. Software additions by different

designers: different desi s..can intro I f{erent ent Q_ceonpete in
the software, naking ﬁﬁﬁ?‘@?@i%ﬁgﬁﬁ%‘ﬁ%’d‘é’ﬁgﬁ? %’t"tv a 0tg ?vbé’%?’bﬁludégaﬁ??r fal

appl i cations. ZothpldrftiesRinkéd by a@Entseeacting each BtheeiRAfsglobdRb@artiddbuch
evaluation. Learning and Intelligence: The distributed nature of |earning

as described 2 a5 "morefiand $togdest s a powerful adaptive software design that
potentially breaks down an application to a network of sinple |earning
nmodul es. Natural Language Processing: This work suggests a potentially
power f ul 5 Of FRGRESPROPLERE Ur al | anguage input in a distributed and
adaptive 3 manner . Sarr(gFe Sour ce Code

Normally, when an agent receives an IS-THIS-YOURS? query, and either

passes it on to its downchain agents or replies to the upchain source of the query,

the agent remembers that it has already handled this message. As previously



Set forth in Appendix | is sanple Java code for the main object class used

3 5 by the agents in the network of Fig. 4. Appendix |l contains Java code
i Il ustratwog9yssss1 obj ect class for a Text |nput agent, suclkczasagent7 410
(Fig. 4). Appendix Ill contains Java code inplenmenting the object class for

an input regulator agent |ike Input Regul ator agent 414 (Fig. 4). Appendi X
|V contains Java code illustrating the WO 991 66381 PCTI US99/ 13377 -60

obj ect class for a Menu agent, which inplenments a TV Actuator agent such as
444 (Fig 4). In addition, Fig. 25 illustrates an alternative agent network
diagram for controlling the home entertHimnent system 13 8. In Fig. 25, the
dark three s dinensional units communicate with both the actuator 2510 and
the menu agenme@i&ed, thhegawstordsauth problems sihededrirh remedistangs eied2daini t s

communi cate wi.th the nu agent 2520 t not. with the actuator 2510. The

t wo- di mensi onf'8u f%@ﬁé%&dﬁﬁp@gﬁ-gﬂorﬁﬁsm, WHeH Hte A@EMMEREINESE Wi t h
either the ac K -Yth?lI@Sr?rfb@ i %5,%@

interpretati O%&b?%ﬂ%ﬁgﬁgs T)%ut t he onsrtl g’lqgcg Oe’\}\géﬁééflﬁg?/&gﬁegrt%ganm s to
notify an upchsigorenies mbdppretation e pfapragate ehemassagaon ko dbahciaxanggikbors he Pl ay

agent 2522, which is downchain of both t DVD agent 2524 and the VCR agent
2526, inte|5pré‘théCh'hﬂV%&heaébﬁ%%ﬁﬁ@so‘f’Ws%?ﬁﬁPH@S% and VCR agents. But when

the Play agent 2522t : -l S £ 0 i its
bl ack-box function rlr)wfrsérﬂeﬁll%g%gr Sgﬁegﬁ%@le%@[%&é'géﬁ?%@ﬁ gg&g{?gﬁ{ltg@& agent
2526, as the pasttern®)anbeanyt Qoradt fegalution bé sittaprdbiene| idonn@f inflilicbahe

entertai nment ,system 138, This request, ngb(fh i's communi cated via an
AGENTSPECI FI CUBmRrtriaaToiagy nejy message sRokepopihedisat everyifithettpsins thawpew

VCRrel ated fu I 10 t i [ n iLn t,he. bl ack-box of a
si ngl e agent t%?é%\ﬁl%)l&aegtéﬁft(gggjegér &fﬂg%@%ﬁ@%ﬁl Zggtg L ag rgfeﬁnc?g}%m li st
2530 in Fii@ 3fored pistiehy oscussmbl| prdbiembid3e FORGET-BROBLEM idiff@s ffegain t he

bl ack- box software of Program agent 2532, Renpve agent 2534, and Add agent
2536. The Pr odrERIN/ENLE alamimithag WH&%MH%HEAB%&@% plase inct i ons

to take place r\{:\é-e[)torﬂsg fo1h€ %gg{n%ﬁ %coﬁ&%ct?o%, rgﬁgﬂgﬁ@%ﬁ%s%é?&r ?%%]a?’?lgsesg)tf

specified future tines. e foregorng ‘aescri

embodi ment's ofth RLoIRGIGSEMbr dvBlY &8 pie3ench 38 chaeidtiony iStfdurtier, pritensrposes of
illustration and description It is not intended to be exhaustive or to
limt the inveteredin the termporpy Sequest StsRgRUN 129 erbeigmporrilous| y, many

nodi fi catipns and variations W ll p 0 99166381

PCT/ USoe/ 15377 - 61 praht in‘?SS%_eﬁ’%b_"SEfﬁ“ﬁe%%{itg%ﬁ%"sb&?@/ﬁ%?‘ Raglif @iy t hough
t he embodi mentygipsedeift@da RORGET-PROBNEMpdrftametiRittREbnking SRffr¥kiem 1ImuNni ng on
a single-processor conputer system it wll be appreciated that other

embodi ments cai® beirdelstedmand i Texi-depad agents§Lt epginatgs ac ERRGETHPROBIFMed

across multiple ¢o ter .syste or m e 5.comuni.cating, for
exampl e, Vi a TORIRRHS KofeEasah e dosd reeRE BIRIEHEL P vabROBL Rk 3bodn: ca i o
har dwar e, rat hgfigihktad néWpkoMidne TRiDBElicY & Uefiéved RS bdhk bedd BolfRTer BiaginBs

anot her exanpl e,  whereas the described enbodi ment attenpts automatic
contradi ct Ron thesidefieash dgentiseemporaty requeshsthrageanit 326 dptabase. drerdtberd from
downchai n agents not her,. enbodi frent coul d, col.l ect all. responses.and
attenpt 10 aut SRBPSEeELA ERERNE PP 2808t SHOHAR Gy dhIRsine EAred BEOP™S, CowN-T
perforrnative qhehdver B8 4giitlEftives ENGISUISOPOIRS! EOMBAT P SHSIRTRIFIENLT €
chosen in order to best explain the principles of the invention and its
practical appl pedibinmtiye idemtifging tiensabieipngplemidr.s skilled in the art to

understand the invention faqr variqus enmbqdi pjpents and wjth vari ous
nodi fications as ar e 'dRMeHURHORT, NEJiSFE Sg&ﬁﬂéteg‘éﬁ%%lpé‘icéﬁﬁma ¢fas 15

and therr cgui PASHRERAuAY, SR Eiie BeRi OXjadiait ittt ol &
Pr ot at vne CopyngttayD‘Skpfith thyt” BatiNévernnidatlf thed elddnpuragéinr po(aasomaothet /| Agent

cl ass package AACSA3; 10 inpcrt ~ava,util.*; inport java.awt.*: |nport
7ava. beans. * : agent charged with this responsibility) recognizes such a desire then it immediately

deletes the temporarily stored problem from its temporary request storage unit 326



I nport borl and. ~bcl .
i mpl ement s A%ent Event Li stener, Runnable ( PCT/US99113377 private Vector

| i st ener sWO

control .*; 15 public class Agent extends Decor at edFrane

éf38¥ector () , // lest of listeners 2 0 publicPSFASAYERIZed

voi d addAgent Event Li st ener ( Agent Event Li st ener aEvent Li st ener)
| i steners. addEl enent f aEvent histener) ; ) 2 5 public synchronized void
r enoveAgent Event Li st ener ( Agent Event Li st ener aEventLi stener) (

| i steners. renoveEl enent (aEvent Li st ener)
noti f yAgent Event Li steners() { Vector

Agent Event (t hi
for (int i=0 ;

i < | Slzese‘lfé [/ dellver the e
((Agent Event L4 @wgrquwaécﬁ ﬁfqtzﬂemb &E%ﬁ@wml@wo@;ghbyrsmthaxF@&GE/Ter t he

agent event tg

Q%g e
notlfyAgent EveRt ers %?r?t ?ml?h ect b,orSdelet rﬂc}?\ldfréé?etdhls (1

, ) 30 protected void
Agent Event a = new

s) , 35 synchroni zed(thi 5532 (Vector)l i steners. cl one();

= (Vector) | i stesteern fﬂjm)lfte(o)wn bemfboEarir @equebtnitofazd umtl32‘6 if. i6 &€ (there, dntit)
deliver the event ((AgentEventlListener)l. el enmentAt (l ) aEvent F| red e)

50 public voi dorarenhEipretigmddhomaiis o dypaicaan ngigh ?SlVthh af

Agent Event g t.h "
oot Ar g0b-ect RO ELEMperiofiE and S 6" i ohe EnBELBRHY %ﬁ% dse%“mteaé{ i ng
get Nane() { rah¢/FORGEBTRPROBIEM Iiessagoiof ts &b W}ﬁtﬂnd@\bbﬁﬂﬁﬁle?%bférﬁ-l ng

ol dNane = nane ; name = Nanme ; WD 99/66381 -63 PCT/US99113377
changes. fi r ePridpeWes @Haprgeqnt thite OWNIPHRAGHY, Taquess storpgs wut 26. In another

Pr opertyChangeSwﬁﬁaénﬁcgnay%%ggwg‘cﬂ%% ﬁaxjg t@gﬁﬁ@{ﬂ&gwﬁ%s%??ort t hi %Hﬁgpubl I C

Agent () { nane

public void pr@&ﬁ;@ﬁmt $26, phésepfiemidsEagdetn tBﬁ)hWthBieQﬁQﬁ%‘o%cﬁéﬁﬂﬁélg%rpum ic

void reset() {

initial~. z&Q) \hich it/knpwi hivegl presouply reggiied theoproplemadesighated by thegehilerad by
Runnabl e mter,{ ce and Threads Thread runnit = new Thread(); % start()ed

in the process() 2 0 nmethod bool ean stopped = false; // control flag public

void stop() {}
thread 25 );

15

20

25

I C Agent
)

reset ‘the agent to a known state 15 public void

)

11

}

, Il stop the agent thread public void run() {) ; // body of

Object-Oriented Agent Network Implementation

The agent-oriented interpretation unit 212 (Fig. 2) is implemented in one
embodiment using an object-oriented programming language such as Java. A main
object class is defined that includes methods and data structures that are common
to the great majority of agents in the network. Certain of the special-purpose
agents, such as Feedback agent 422, Query Or Command agent 416, Text Input
agent 410 and the various actuators in the network, are objects that have been
subclassed from the main object class in order to allow certain methods of the main
object class to be replaced, and others added, so that the agent can perform the
specific functions of its special purpose. In an embodiment, all of the agents in the
network represent objects in separate subclasses, because despite their great
similarities, they all differ from each other slightly. =~ For example, each is
programmed separately to send REGISTER and ADVERTISE messages to
different neighboring agents, depending on their location in the network as pre-
determined by the system designer. As another example, each agent is pre-

programmed with its own default set of interpretation policies. As yet another



[[xrFxFxEFERFA I A K R KRR AKX Rxxx [ [ AACSAAgent cl ass prototype. 3 0 // Al
AACSAagent s shoul d be conpl eted extensions of this class. // AACSAAgents
don't senWOn®¥s3®les to t hensel ves. package AACSA3; 35 i npoPCT{URIHINTT |, *;
public class AACSAAgent extends Agent inplenments AACSAConstants{ static
final String MY NAME = "AACSAAgent!|"; 4 0 static final int M¥ PRRORITY = 0O;
static final string MY COWUNI TY = "AACSAAgent"; /* The code in this
comment shoul d al ways begin any extensions of this class. // registers-
shoul d al ways be bot hways (unl ess not u§'ng routing 45 features). // Note
that the agent nanme should be replaced. bFivate static <Agent Nanme> i nstance
= null; //singleton //in Singleton design pattern, used to get single

i nstance 50 sE€¥ample,Raph pgentiapersramedbseparatalawitieity own fblackhoxd poaseduresiul 1) {

i nstance = new <Agent,Name>("Jnput"). refurn i ance:. 55 uplic static
synchr oni zed JoTS TRUPeg AR e )RR rh B b b et dpefi okt ance -
new <Agent Namag¢nts. Other@Bject-oriented and non-object-oriented implementations for the agent

(!instance. knownAgent s. cont ai nsKey( ((Rgent)e. get Source()).getName() ) )
WO 991 66381 POFYWIS8RIYill 337 be apparent to the reader.

i nst ance. knownAgent s.. (Agent ) e..get [ et . €. getSource());
5 ((Agent) 25 get Sour i:égl)’% &gﬁ%‘éﬂ%‘ﬁgﬂﬁmﬁﬁ?ﬁfmﬁﬁé‘% the matn object

i nst ance. addAgpRt BWEEH ik badcBiRe iheAB RN e fIRbPRYEK-Ahd. ) Thell ol chfits included
Systemout.println(instance.nane + " did not register " +

( (Agent) e. get $stein eghopldydieNaongijigred ) symbotie  rather pthiaor iliteyal, / desexibing Agent ' s
priority |evel. blic RACS S&Jﬁ ( super()._ .. = MY NAME; prjority =
MY PRI ORI TY: y ‘E%FEBEPB%“S“A%%%% %h(‘gf?ﬂsﬁdg‘ R?alg&[?e?‘& KE%&‘) It B(thri ty =
MY PRICRITY, Y appRidphd CthARRAR 8 nSb ftdnGn NaiBim 1hBlvaibisdpk Y1 a flowttpgr (Nane) ;
priority = Priarpity:y , 2 0 Hashtabl e knownAgents = nesw ﬁasﬁ%a%?g?) ;o1
agent nanel®s ikeysequerentdiffdypractharn that shoven, Maghsaid ease® mparaltel @sth-othew
Hashtable() : // domain nane is key, vector of agent object is value
Hasht abl e probf'®#s = new Hashtable(); // request-content is 2 5 key,
request message is VALMEiddAS Rigab)if a 5RA51E dheaglRVhrsiRBOAR Slyknitidllzat
request-content is keyifé rrgguefs%31 ’rrlegsage I's ti_/aa%aue r@ht ab%ggl)é&lg{lgﬁé?l} ons
new Hasht abl e()eguiréd. dgentbodiarentsiis whizh thessgehtamaateiiomot bbrdagpeled, this stepaam i S

val ue 3 0 Hashtapl.e recency = new Hasht,ahl e(); / ent name i s Kkey,
recency of ageWFa]b“Qeﬁﬁq‘téE}H’tg?/adﬁn}esseV’s&f E&O%ﬂ&ﬁ%@@ggﬁggﬁggnt: /1 curre%t
message behgg procesﬁ?&e@%@ﬂ%@é%ﬁ%eh%&% SBtESstart-4 ‘Het%%ﬁé?tl'}{%\f}@aﬁg()?

Agent St at us tenpSt at us: String processedltem- String Agent sWhoKnow =

EMPTY STRI NG 8terageny régjetets3tééit vith iKh ofithe oflePagénS Tl diCare bobd weupchaikandises
fal se:

downchain neighbors. This is accomplished by transmitting a REGISTER
performative to each of such neighbors, with the agent’s name as the message
content.

20 In a step 516, the agent advertises its abilities to other agents from which
this agent wants to receive requests. This is accomplished by, for example, sending
amessage to all of the agent’s prospective upchain neighbors with an ADVERTISE
performative, and a preprogramed list of words or tokens. If the upchain neighbor
later receives an input message containing any of the words or tokens identified by

25 the advertising agent, it will include the advertising agent as one of those to which
the message will be routed.

After step 516, the agent enters an event loop which periodically checks

for new events directed to the agent. In a step 518, the agent first determines



String resultingFocus = EMPTY_STRING 40 public void reset() ( knomnAgents
= new Hashtable() ; // clear all agents conmmunities = nem/kbshtableé

clear alWe@O%6AId ti es probl ems = new Hashtable() ; // cl edICTASPIIIYT Iens 4
5 | earned = new Hashtable() ; // clear all | earned expl anati ons = new
Hashtable(1l : // clear all explanations recency = new Hashtable() ; //
clear all recencies! 1 5 0 public void process() ( stopped = false runnit =
new Thread(this) runnit.start() ; 55 public void stop() ( stopped = true;
runnit.stop() ; 1 60 // method of Runnable (Thread) interface public void
run() WO 991 66381 -65 whil e(stopped =-"false)( try (

Thr ead. sl DURA | nt t edExcept ~ Il
It or 1 upt o) ARG BAGH RS AR b o201 he BESTRERTTIAGE Y ORGP | & Vo
( Agent Meseage) GG ee s 5ot pa fen (7gicp P AePlBSAPamy BB PLTT st 11 ng
resul t = EMPToOnthishibiEionJunctimss daethe deirRebjeetsdiass f&MPfE\ﬁgSﬂ'tRl 1N@1e &ent NQ

af t er Request = EI\/PTY STRING 2 5 Strj % bef or eRequest = EMPTY_ STRI NG
String newReql@¥erks thayprse RorpgeRtsspse Aiaaucat ctiprsanddberefonesiop public

I nterpretatio g;?'m)s n rl

Remai nder Réqugis“) nBL{ﬁHt&nl%?ekgé@'g 6 %t ???\%@E or eg élgieé‘{r?% a§ngts ring
NewRequest ) { mwhl do me&?e«s petfornt mmahdmuﬁlaqm&h fancRens idode ﬁrPsgwtsdure

af t er Request After Request bef oreRequest = BeforeRequest; 4 0 newRequest

= NewRequest ; Wtbtﬂbl? SEHIFRSHEOR ills SEEPV A Lel H’(Stsﬁpnbnom"sﬁgei“hﬁ)e{‘ determyngs em

out.println(" Q | zed
Interpretation |ﬂ}\§ {th?serf{:‘%anyxmbn%néﬁﬁec S fﬁn@?})%eg@@@i epte%]&ég %Hé‘ﬁ Message
nmsg) 50 //Thi slebp atth revstriser®bigp S18p| B 1ﬂli1!ildeedzewbd3xﬁcohﬁﬁgedlebd’a§@§ Ah&t At i on
policy. //1t can be inproved in extensions. int ti; Boolean exactSearch; 55

string terdVaperscedsioaBRQERSS MESSAGE seppat Mﬁeﬁd%@beﬂﬁﬁ@tf}@ﬁé{ ARsn(); for

| car nedcat ogu ! TEeRAGE AL <sfeBn ek ¥ JUEH kb o leenyond somv) 893 ons 6 o

tenpMatch = ($§ﬁ,h{&)tbec$rquCat eguri es nextElement (); if
(tenmpMat ch. i ndexOF ( EXA exact Search = true:
Fig. 6isa ﬂowchart of the ROCESS MESSAGE step 524 of Fig. 5. In

a step 610, the agent executes an appropriate method in accordance with the
15 performative of the message it has received. Such performatives and their
corresponding Fig. 6 step numbers are:
ADVERTISE 700
UNADVERTISE 800
IS-THIS-YOURS? 900
20 IT-IS-MINE 1010
NOT-MINE 1000
THIS-1S-YOURS 1200
COMMIT 1210
DISSATISFIED 1600
25 MAYBE-MINE 1020
UNLEARN 1500
FORGET-PROBLEM 1700
AGENT-SPECIFIC PERFORMATIVE 1800



WD 99/ 6fi 381 -66 PCTI US99J13377 interpretation.resutt =
t enpMat ch. substri ng( EXACT MATCH. length(), tenpMatch.length()); ) else
exact Sear ¥ Y/6638lse: 5 interpretation.result = tenpMatch; FCTAUS99/13377

(((interpretation.index = processedltemindexOr(interpretation.result)) >

NONE) && ((!exactsearch) Il 1 0 (((interpretation.index = 0) 11
(processedltemcharAt(interpretation.index - =) - " ")) &&
((interpretation.index + interpretation.result. Iength()
processedltem |l ength()) Il 15 (processe? tenlcharAt(lnterpretatlon |ndex +
znterpretation.result.length()) ) %))( interpretation. after Request =
processedlte ubstrln |nter retatlon i ndex +

interpretatio Y 0 processedltemlength()); 2 0

interpretati oipef est = processedltem substring(O,
interpretation.i noiex? Interpretation.renai nder Request =

i nterpretation. bef or/aReguesiy 4lso be ablpnehatdiobiirt peffReGHIRES, but these are
|nterpret ation. newRequest = processeditem 2 5 |nterpret ation.result =

(string)| ear néWuted @%ﬁm%ﬁer PUTRRSSF rfi ATy praftelt # eiethad specificrtonthel ; 30 )

L L PR A BSREE NOROTASREr 7

nunber st r| ngs 524namlﬁzttés (rsmb)GlQ} zero", "one", "two", "three", "four"

"five", "six", "seven" en" eleven 4 (O tmelve
"thirteen" " f our t eerFig" 7 isfa g@ﬁ@haﬂﬁf%b%&?“hOdﬁﬁbﬁﬁ@eW an aggnghf thenmain

e U bk f BN BB ASVERTIR Lo BBl BRI B 220
| know! 50 intageimitethe ap éﬁtdét@ﬁiﬁhesdrl@thﬁﬁ'%@ﬁh@{unﬁy%Meﬁﬁ&is'ﬂh%‘zs—r
counter >_ -10; counter--) 55if ((te

request . i nbex Ao kyghe agesst If nelg thes ima @tpg %2 sheN@rR) credtey 4 femesommunity0) | |
(request. char Ait

I nteger.toStri né g@rﬁf O)ngrnaggteﬂt(s%l%g‘é( (cg'grngtggfmf SFgTaLsd in fhe received

(request . char AADNVERIPISE rhédsaR@ I teQhrink BéIH hehtise@3@rBddyknown by the ) (W
O 99166381 -67 theNunber = counter; PCT/ 899 13377 remai nder Stri ng =

request . subst r #g¢8t @bentsmp‘tl? i shépped ¢ Inssters? 14, thy(adeertising agent is then added to

the specified community in the agent’s address book 328.

15 Fig. 8 is a flowchart of the method that the agent uses in response to
receipt of an UNADVERTISE performative. In a step 810, the agent removes the
unadvertising agent from its community as stored in the receiving agent’s address
book 328. In step 812, the receiving agent determines whether the community has
any more agents. If so, then the UNADVERTISE method terminates. If not, then

20 ina step 816, the agent deletes the community from the address book 328 before
terminating the method.

Fig. 9 is a flowchart of the method performed by an agent of the main
object class in response to receipt of anIS-THIS-YOURS? performative (step 900).
When the agent receives such a message, it first checks its temporary request

25 storage unit 326 to determine whether it has previously interpreted the subject
message (step 910). If not, then in step 920, it performs an interpretation of the

message. The interpretation involves two tests: first the agent determines whether

the message is within its own local domain of responsibility (e.g., by determining



5 Integer.toString(theNunber).length(), request. length()); index = tenpt;
return true; IZ /lelse return false; for (int nunbers = MAX NUNBERS;
(nunmbers W $81 10 nunmbers--) if (((tenpt = PCT/US99/13377
request. i ndexOf (nunberstrings[nunbers])) > NONE) && ((tenpt =- 0) II
(request.charAt(tenp2 - 1) - ' ")) && 15 ((tenpt +

nunber St ri ngs[ nunbers].iength() _request.length()) Il (request.charAt(tenp2
+ nunberstrings[nunbers].length()) - ' ")) )( 2 0 theNunber = nunbers;
remai nder String = request.substring(0, tenpt) + request.substring(tenp2 +
nunber strings[ nunbers].length(), request.” length()): index = tenpt; 25
return true; ) re}Eurn false; ) 3 0 public synchronized bool ean )

nunber Bet ween (Thher SinPuinmessage fontasGe Tt WOrAs piokens i reshensgrtparhich

| owerLim.t) = By ks ' jZed void
sendMessage( i@g%@&??ﬁéﬁg%}aﬁéﬁpﬁﬁblﬁ&#%&%ﬂf .‘%Z’Fl?t% giq hgg%%? getg{n,%%lszo
String | nRepl yiletheBtir hasg sheqetl yértphetatiin poligy (@g.0w ageher toA@g)fdYRES RGEL NBY =

new Agent Message( performative, content, 4 5 InReplyTo, Language,
I nt eger . t oSt r iMEREE oW StSp) 922 dictbe JrseTpretatinn was wcm«spﬁﬁwhw,n 4, the

nmsg. di spl a Aol ECEl . LI n hi s blic
sygchlr olr[:i zg‘ncg:l) V&r xgt g%ﬁﬁ,&?gg’ggf}ﬁ%gﬁ%gﬁﬁ‘gg‘%%@f@? %’ i(&;rl?lgéhpseeppg%)ngsfir@,g' g’tj ri Ing
content, Stri mgOURS2Peyfbematf@ (Sep 004). FitielnydifidditheStermitatds 2O 08, | Nt

MessagePtiority) { WO 991 66381 -68 PCT/ US99/ 13377 Agent Message nsg = new
Agent Message( per f or it step922¢ i sdetprmined thapihe nserpresatipnapgeformsed in step 920

| nt .toStri | .t i . : | VW t . ;10
g, i opi ay (V5 WSAERRRTRE St mgle GGt ol W ingiihelonet Ror BETRAG o s
synchroni zed v@ligldsssndbhasagdtedgetion psil Y@ the message), then in step 912, the

15Stringperformative, Stringcontent, StringlnReplyTo, StringRepl yWth, StringPr
i orityStrihg, 22898t chesls in @ddisey hepknidetosdejerming whetheqyit has any downchain

Agent Me f ti tent, | Ny 25priorit i\ng, [
vor nams. Ropl STRHERE I e e A R ANEI B PP e el o
Agent Event (t hi 3fthehgn: does e dbemeHaRtiMigBbACtheh RN GepOR8 Oitie a8t ToTB thé

Cal endar right Now = Cal endar. getl nstance();

problem in its temporary request storage unit 326. It then queries all of its

downchain agents with the same IS-THIS-YOURS? performative (step 930). The
15 method then terminates (step 926).

Returning to step 910, if the message subject of the IS-THIS-YOURS?
performative has previously been interpreted by this agent, as indicated in the
agent’s temporary request storage unit 326, then in step 932, the agent retrieves the
interpretation from the temporary request storage unit 326. The temporary request

20 storage unit 326 stores not only the problems that have been seen by this agent, but
also the responses that have been returned by all of the agent’s downchain
neighbors. In step 934, the agent executes a PROCESS ANSWERS step as
described below with respect to Fig. 11. The procedure then ends (step 926).

25 Fig. 10 is a flowchart of the method executed by an agent of the main
object class when it receives any of the three possible responses (NOT-MINE, IT-
IS-MINE AND MAYBE-MINE) to an 1S-THIS-YOURS? query that the agent
previously sent to its downchain neighbors. In a step 1022, the agent first adds the



35 return (rightNow get(Cal endar. M NUTE) + ri ght Now. get ( Cal endar. HOUR OF
DAY) * 60 + right Now. get (Cal endar. DAY CE YEAR) * 1490): 40 public
synchroni W68t i nitializations(){} public synchroni zed ROT/USI/13377
startupDefaul ts(){} public synchronized void | earn(Agent St atus st at us,
String 45 whi chGoup, String whichAgent) { //This is an extrenely sinple
m nded, text-based learning Algorithm //I1t can be inproved in extensions.
i f 50 il earned. contai nsKey(status. message. content.toLowerCase().trim)-
))//resolve contradiction (brutally!)

| ear ned. r enove( st at us. nessage. cont ent . Talower Case().trim)): else if
(I ear ned. cont ai nsKey( EXACT MATCH + 55

st at us. messageespRE €., the pewem@aive) tp. any irpPPRYes Ithed itrrrevipesip res ¢iEd\@Tth VATCH +
2155 s Conl ol ARSI ot i TS, A
whi chG oup. t okgjvesiGRsRAEE uhiti3n6) Nn alstep WX, B4R/ £H@R3Gthen 8RecRtel! 58 EE3377

public synchroni zed vord unlearn(String ite is is an extrenely

( //Th
si mpl e m nded ANSSXNERS psecedure desented gresagior. imrlrrmmempd thepandbestdpnid26yed i n
extensions.. 5 | earned.r ve( VATCH + .t L ().trim)); )
public syn(,5hrcni zed%%i E‘mﬁﬁlﬁ W@lﬂﬂﬁ%i&@iﬁ%wﬁi t he
agent cones aldhMespoRéiRg it6 stepacdwaoniozed ¥4 gnd 1316 in Figs. 9, 10, 12 and 13
processQ her Messages( Agent Message nsg) 15 //for instance comm tnent

replies. 1 pulstspectivelycAhe RROGCESS ANSYVIERS oot tanBingiother ithingsy) dfterniifidsi s i s an
extrenely sinple mnded,. text-based process..2 0.//1t can be inproved in
ext ensi ons. réY}ﬁ?md?‘f"éﬂi’?'t“o‘fﬁ?ﬂEr %@( ?r_eteﬁlig}s?fe) ta 5ecf3‘ﬁ?)#fecm_§§§ﬁ%$r 6‘ﬁi37_g§%f String
unbrocessl t ( Staohdlders b 85Wndhath azent'td B EligiBle FhEIdviRARh Yo &t AN RsfHnBEED

t ext - based unprocess. //It can be inproved in extensions. return

i t em t oLovied CaandS)YTHIS-WOIRS? @uety pithe idowschaimagent, xéth Stesponge tiav\blamisSt r i ng
Item String processedlt, String i oup) return . null; 3 5 public
synchroni zed BE8HMeS1REE aﬂﬁb"%%%? h"ﬁg"%"é %ﬁ‘?ﬁﬁ’ﬁ%@r %“Staﬂ?'\ﬁ'g)rﬂé‘h’é’) (
return (itemi idh NBR 4 | dan! do NG |

synchrogi zed S%ﬁ(]gsﬁgl}és?‘%ﬁﬁl% i ten?i n%;éﬁaigggaageﬁ m terg V?Q?‘Lﬁ?gp%g i cr;gter +
item + del i m t@nfid¢ncd, mdphbhgent seeaivimgahe mspbnsecah gpphyf ior ovirAquertityMeriisdge nsg,

Agent sender, t%oaogli\?e%r}es%g}lsie% %gt)eg'mjne for itself whether it considers the agent which sent

15 that response to be eligible to receive the message. Each responding agent can

communicate its level of confidence to its upstream querying agent through the use

of, for example, a confidence level field in the response message. In addition, a

response which carries with it an indication of a contradiction at or beyond the

responding agent (for example, where the response message is a MAYBE-MINE

20 performative, rather than an IT-IS-MINE performative) can also be used by the

querying agent in its application of quality criteria to the response. In other words,

the term “confidence level”, as used herein, includes not only explicit confidence

values which in a given embodiment might be returned as part of query response

messages, but also other indications of the quality of the response which might be

25 suggested or indicated by other means (such as by reference to the specific
performative used in the response message).

Referring to Fig. 11, in step 1110, the PROCESS ANSWERS routine

begins by switching on the performative which caused the agent to enter this routine



int index: Agent agent = null; String whichAgent; 50 Stri ng i tem =

neg. content ; if ((nsg. performatlve equal s(THIS IS YOURS))

(msg. per P AUPE3BE. equal s( DI SSATI SFIED)j) processedltem = d’&?é‘é%gg 1337t en ;

/I Normal ly should not 5 5 change item else if

(msg. performati ve. equal s(RESTORE)) processedltem = unProcessit(item); else
processedltem = itemtoLowerCase().trin(); 60 Interpretation interpretation
= interpretlt(item processedltem nsg); WO 991 66381 PCTI US99/ 13377 - 70
/1 1f 1 don't have any comunities undefgime | should return NOT-M NE i f
(communities. size () _- 0) if (nsg.performative. equal s(I1S TH' S YOURS)) 5

f = I dMve M NE, dl
el ey BB S STORRR AR e TR bl P sguRRs e Lo
i nterpretati oAERRINOSE RRQUTBIMINE tﬁé?ﬂﬁi% wgae(he%ﬁaﬁ&?rcntehleééoll\éh&!?

processedltem msg. i nRepl yTo, nsg.replyWt nsg. | anguage); return; 15
t enpSt at us = foewhe\geaserStagentsis :agwheAgertbms@tge(hs@)e prﬁmTemlﬁﬂiRhem nmew

\'i‘g?r;w??ﬁ? g?é!?cgistotglt\a{?%lilsgﬁgehm #tsmgquglﬁgﬁ%ggo%lm%-rs epsﬁ%|6¥%ect§wr&Tn STRING) ;

i nterpretaki onpSNMNE QA REOVESE-MIVEE thoR8EWhizh hiave a very low quality level,
(Vector)communities.get(interpretation. resul t) 25 if l?vx/m chAgent =

t oWhon(i tem pssoutiadly dst ireplaging whtsmr\rptfeN@ffrWE@stfbm)a)nves: null) ( int num =
agents.size() ; for |nd

de
(Agent ) agent s. el erreﬁ Hep %Q%the age;n? E?ﬁeﬁglfqgs%hﬁg“é %“fg resgonse creates a
(t agged( t enpStatiHasbnehRt S ireBusy Iec'eﬁeMrQEonégeNm@%)e)veh 3 gypr et ation

= null; else tenpStatus.iInt e?pret ati'ons = 35 tenpStatus.interpretations +
t ag( agent narrdpwh&hduSaganE)otHclam enpssagaw:tb 1an II'E-IT&MHE Perforamtive; thgBER

DEL||V|TERZ f, (t dI t t ~ ISMNE 40
whi chagendf) SHl Byt 4 PORLICHON i 1 F%%ﬁgtsnﬁ%@aéaﬁ@'s%%m@%& orhe =
tenpStatus. i ntel Qfﬁgt afblo é QQ&WL?W%&E e IsTedwp d | ﬁ oft " 3h

interpretation.remainder qeét | M TER; mterpretatuon I =
nul 1) ( if (!ceomaditticass created imthidnput Rbgrlgxoeamt 4t whanboth TVagsteand

out.println(" V\ARNI " + npane + range I nterpretation for " +
nsg. content + ¥ agentc&augtbemﬁs(sggepr%qtg ‘Efﬁt OTgesie it yl B‘ma"eh | earned + "\n")

In order to accommodate muitiple non-contradictory claimants of a
15 message, the concept of “focus” is introduced. Each agent which claims ownership
of a message, returns, with its IT-IS-MINE or MAYBE-MINE performative, an
indication of which part or parts of the message caused the agent to claim the
message. The indication of a particular part or parts of a message which caused an
agent to claim the message, is referred to as the “focus” of the claim. The focus of
20 the claim can be either a contiguous or discontiguous part of the message. If the
message was actually claimed by two or more further downchain agents, then the
agent preparing the IT-IS-MINE or MAYBE-MINE response specifies a focus
given by the union of the parts of the message claimed by the further downchain
agents.
25 Step 2400 utilizes focus, as well as other techniques described below with
respect to Fig. 24, to attempt to resolve any new contradictions.
In step 1118, the agent increments a variable referred to herein as

TheyKnowCount if the newly received response is, and after steps 1116 and 2400



interpretation = interpretlit(item interpretation.renainderRequest, nsg): )
55 if (!problens. containskey(nsg.repl yWth)) problens.putl nsg.repl yWth,

t enpSt at UYP 1966381t agged(nsg. i nRepl yTo, EMPTY STRI NG COVMCYYS99/13377
sendMessage(agent, THIS IS YOURS, nsg.content, 6 O nsg.inReplyTo +
tag(nanme, THIS IS YOURS), nsg.replyWth, nsg.language); else if
(tagged(nsg. i nRepl yTo, EMPTY STRI NG DI SSATI SFI ED)) WO 991 66381 -71

PCT/ US99/ 13377 sendMessage(agent, DI SSATI SFI ED) nsg. content, nsg.i nRepiyTo
+ tag(nanme, THIS IS YOURS), nsg.repl yV\lg%L nmsg. | anguage); else 5 fcr
(Enuner ati on agents = knownAgent s. el enent s(); agents. hasMreEi enents(); )(

agent = (Agent ents gent . narre equal s(sender. nane))
&& 10 (~get Co Eﬁiﬁ#g A‘E@] tpé%famwése © 3genhp ylwelapgtemwarble STR | NG
) ) sendMessa g,;@ge WIIEXEHIEL
tag(name, IS 'qrﬁlé%ﬁg OWd:&%Ln-S[ﬂn@gKr epl y%\é;'fe% &%tn fastr%u %ﬂ

(t agged(nsg. | PREimATive. MTMs&bﬂllmltxmmﬁméc(wlﬁuhmﬂqmer&ﬂ coinludlAgent s =

knownAgent s. eI errents / cl ean- only for agents that are not
i nvol ved) Agefg g"éin If ‘?rl?ro"(‘i“ﬁr&e%?“g“"&““ Hlal"?m@‘eﬁ?tsaﬂﬁa@ms drndhent s() ;

i) & 1 P‘Wﬁﬁﬁ PR FOkire AR5 TPIR AR pher e LSTHRRL ! 1 1=

(!t enpAgent . ngpmesertcpnstod{nsenn,der agantroehjidet&the first response that it receives from an
(!get Coomuni ty(tenpAgent. nane.tolLower Case().trin()).equal sCEMPTY _STRING) )
&& 3 0 (!t enpRGERHN A ZHEN SOIAINEYLE RSANSHEIRS 7)’?‘[“1‘@!‘43’ anespgnsar Subsenwensn t o

img_cont ent,  ERIBPONE fiank pEeHhhin A CHRRRANE Uf R AOBAarek Lk Bitei
synchr oni zed Sdmbodm@eto@mrdxﬁewm age@ﬁtmtkmgthtamgeérhbcsm:}\éntsﬁn&efeﬁt paiEes 4 0 int

nun i nt |nd ent agent ctor, .age for_(Enuneration cat =
comuni ti e° % em @yeéé?rgré gﬁé?ftasf(“fﬁ()‘@t fesppnse has been received

(String)cat'n nYgct or) comuni ties. get(tenp): num =
agents. size(); 5{5%’5?’%&9:1 a%&%;%) < nu i nd++){ 50 agent =
(Agent) agent s. el eneriifAd ¢tepd)112iall quened communities have now answered, or if the

(agent . nane. t oLower Case().tri m(a qual s(target Nane 313, return te )
performative which cause the agent to enter the PROCESS ANSWERS routme

was a COMMIT performative, then flow continues at step 1120.

15 In step 1120, if TheyKnowCount equals zero, then in step 1122, it is
determined whether TheyMayKnowCount also equals zero. If so then, in step
1124, if the performative which caused the agent to enter the PROCESS
ANSWERS routine was not a COMMIT performative (i.e. it was a response to an
IS-THIS-YOURS query or a response to a THIS-IS-YOURS performative), then

20 instep 1126, the agent sends a NOT-MINE performative to the upchain neighbor
which sent the problem. The routine then ends (step 1128). If in step 1124 the
performative which caused the agent to enter the PROCESS ANSWERS routine
was a COMMIT performative, then the agent has a situation in which it is required
to determine which of its downchain neighbors, all of whom have rejected the

25 current message, is to nevertheless receive the message. Accordingly, instep 1130,
the agent asks the user to resolve the contradiction. The routine then terminates
(step 1128), the user's response entering through the USER RESPONSE
performative handled in step 1300 (Fig. 6).



55 return EMPTY STRING public synchronized String-unexplain(String

t ar get Name%é String tenp; 60 for (Enunmeration cat = explanations. keys();
cat . hasMY@RY®A¥nt s{):){ tenp = (string)cat.nextEl enent () PCT/URWHT] 66381
-72 if (targetNane.equal s((String)explanations.get(tenp))) return tenp; ) 5
return target Name; PCT/US99/ 13377 public synchronized String

makeQuesti onstr~ng( Agent status tenpStatus, Agent sender)( 10 int i ndex;
Agent agent; Enunmeration agents = knownAgents.elenments(); String question =
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NONE)) |1 ((tprerfoBnativeswarod RIOMNGE petfoshativad dR 63, (thaginasgepnt 130a 2, agent
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OPTI ON_SEPARATIGR, thg entfy perfomastivieowas(miond COMMIT pegforhaive aadinstdpermsnt s() ;

i ndex++) ( agent = QA ent)agents. next El ement (); if. .

((!agent.n arret.hé&&% gx%g@ﬁ _ EMI)]E kpitsuapstream querying agent. The routine then

(! get Conmuni tgrgd%lqﬁgﬁ i .toLowerCase().trim()).equal s(EMPTY STR ING ) ~&
(tenpSt at us. no neAgent'Li st. i ndexO (tag(agent.name, COWM T)) -NONE) &~ 50

(tenpSt at us. not M neFgestes Litit ik deterndhéd tha( BgoKhowaotat d¥eNndVleli! kero= NONE) ) (
String te =
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subject message unconditionally. If the subject message carried an IS-THIS-

YOURS performative (step 1138), theninstep 1140, the agent returns IT-IS-MINE
to its upchain querying agent. The routine then ends (step 1128). If in step 1138
15 the message carried something other than an IS-THIS-YOURS performative, for
example a THIS-IS-YOURS performative, then in step 1142, the agent passes the
message on to all of its downchain neighbors who have claimed it. The routine then
ends (step 1128). Ifinstep 1136, more than one downchain agent has claimed
the subject message with an IT-IS-MINE performative, but the focuses of the
20 claims do not overlap, then there is no contradiction. The agent either sends an IT-
IS-MINE performative to an upchain querying agent (step 1140), or sends the
stored performative to all claiming downchain agents (step 1142) just as if exactly

one downchain agent had claimed the message with an IT-IS-MINE performative.

25 If more than one downchain agent has claimed the message with a
sufficient level of quality to satisfy the present agent (TheyKnowCount greater than
one), and the focuses of the claims overlap (step 1136), then a contradiction is

indicated. Control transfers to step 1132, described above. If the entry
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S ' ' . Bopl lt. = false; A : [
agent s = knowtAgehlE5d extafe 365 coragiclion padfind soutPancs (ERpHAST e 11
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i ndex++) ( agent = ‘(Agent)agents. next El enen 35
( (! agent . name.rempiangsths eomteadiatine) dhisgine, the agent simply returns a MAYBE-MINE
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(L ompSt at 6. iy JNERE R LRAPGI A ABRITHL a8 oes ot i M MRS 1. "oy
&& (pri or~, t yMentrhdistidnearplsis stags becayeenfor example, thisWBEnt vhipliE)no bk lin any of

(tenmpSt at us. not M.neAgent Li st. i ndexX i, agent ..name) 50 -= NONE))){
sendMessage(a ﬁﬁpﬁﬁsggpgaﬁa%tﬁmmgﬁmmad. nmsg. i nRepl yTo + tag(nane,

THIS_| S YQURS), ”Sg-}fig.sin%’ ﬁ\yat RowiE%: JrAROMEBHOY eff@r?r’ré'dtbty;a(xfar Eﬁ't; oftRe )n[ailn) return

result; 1 6 O public roni ze strlngtwengriori priori (
return | ntegeroijebtlassinfesporse td fepeipt)of a RESTORETIHS-IS/YORRS orcCYIMITr oni zed

Bool ean onl ym?é o(rm;tei\\;el.ﬂlr% tIlg lpgr%nnative of the input message is THIS-IS-YOURS or
COMMIT, then in step 1222, the agent processes the message in accordance with
its black box procedures in the special processing unit 316. Other than routing and
learning, this is the step in which the local work of the agent, if any, takes place.

15 If the performative of the input message was RESTORE, then in step 1224, the
agent performs its black box RESTORE process, undoing whatever action it took
most recently. A RESTORE performative might be issued, for example, if the user
expresses a desire to undo the most recent action, or if the user expresses
dissatisfaction with the system's response to the most recent command.

20 In all cases after the agent-specific steps 1222 or 1224 are taken, the white
box routing steps shown in the remainder of Fig. 12 take place. In particular, in
step 1226, the agent first determines whether the input message has previously been
interpreted by this agent. Thisinvolves checking the temporary request storage unit
326. If not, then in step 1228, the agent determines whether it has any further

25 downchain communities. If not, then the procedure of Fig. 12 ends (step 1230).
The agent has done its own work and has no further downchain agents who might
have their own work to perform in response to the input message. If in step 1228

it is determined that the agent does have downchain communities, then in step 1232,
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agent . nane) ) &&ith this same Fig. 12 procedure.
(!'get Commun~ty(agent_. nane.tcLowerCase().tripm()).equal s(EMPTY STR 5 ING ) )
1f ((!tagged(nsg. i nREpM step 1834 mem_‘gmmdlave@mw etaion policy for this

(1t agged( 1 enporarie B ERER k) &b orolRy M ferggBRE enTBidgtiy 2
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else if ((tagged(tenpStatus.notM neAgentList,.
performative (step 1240). The procedure of Fig. 12 then ends (step 1230). Any

responses will come through the procedures of Fig. 6, 10 and 11.

Returning to step 1226, if the agent determines that it has previously
interpreted the message subject of the RESTORE, THIS-IS-YOURS? or COMMIT
20 performative, then in step 1242, the agent retrieves all of the answers that it has
stored in its temporary request storage unit 326 in conjunction with this problem.
In step 1244, the agent executes the PROCESS ANSWERS routine described

above with respect to Fig. 11. The procedure of Fig. 12 then ends (step 1230).
Fig. 13 is a flowchart of the method performed by an agent of the main
25 object class in response to receipt of a USER-RESPONSE performative, This is
the performative with which the /O Actuator 446 (Fig. 4) sends user responses
back to the agent originating a user interaction request such as in step 1130 (Fig.

11). Both the message to the /O Actuator 446 and its response, processed in Fig.
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t weekPri ori ty(terrpSt atus. maxPriority npFocus)
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word combination or other token, which was included in the message content, to
15 the interpretation table 322 for this agent. In other embodiments, much more
sophisticated learning algorithms can be programmed. In step 1412, the procedure

ends.
Fig. 15 is a flowchart of the method performed by an agent of the main
object class in response to receipt of an UNLEARN performative. The UNLEARN
20 performative is sent, for example, by downchain agents performing a step such as
1314 (Fig. 13). As set forth in step 1510, the UNLEARN procedure merely
involves removing the entry for the message content from the current agent’s
interpretation table 322. The current agent does not need to forward the
UNLEARN performative to its own upchain agents. In step 1512, the procedure

25 ends.
Fig. 16 is a flowchart of the method performed by an agent of the main
object class in response to receipt of a DISSATISFIED performative. In a step

1608, the agent first retrieves the current problem fromits stored problems. In step
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msg. i nRepl yTo = EMPTY STRING sendMessage( ( Agent ) knownAgents. get (sendl t To),
nsg. cont av 99/6838L | nRepl yTo + tag(nane, nsg.repl yWth, nsgPcamusessy7 if
(recency. cont ai nsKey(tenpNane = sendltTo)) recency.renove(tenpNane);
recency. put (tenpNane, nsg.replyWth); } else if

(tenmpSt at us. nessage. performati ve. equal s(RESTORE) )

probl ens. renove(nsg. repl ywWth);

sendMessage( ( Agent ) knownAgent s. get (sendl t To), RESTORE, nsg.content,
tag(nane, RESTORE), nsg.replyWth, msg'4l4a'nguage) else if
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(tagged(nsg. i nRepl yTo, EMPTY_STRI N nmsg. i nRepl yTo =
sendMessage( ( RESSA TISHERR Agdatrsatiyetdoamdn e irigihg K oo rsmbrsityr thaigtfak been

POTT Usoo) 1357 91aies 52 Biscbe Infteh 16 RaBFpR5* e Sionane, TH'S IS ToURS) |
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Agent s\WhoMayKnow. su ring(1l, AgentsWhoMayKnow. | en
recency. r&move(:ﬁeetrqlu‘slanﬁ):sponmwmeqmmufa(E@RﬁEiFﬂlOBtEMmﬂ‘oymaﬁﬂ) Injteel se ( if

(!'sendThenAl | send , tenpSt at us :i\t us g erfor; natl ve = 10
msg. per f or mat it¥ rﬁBS’c“a“H&’y V@é ' ‘T’llﬂé‘ﬂ? ?‘To‘t“e‘?ré’@ %’n&é

sendMessage( (4 rIIVYs) OPTI ONS
FROM USER, m%égﬁ% g trin tsﬁg thit us, ﬁsge#g }f{%ﬁgas?l n e%ﬁ ‘S/X{Po,ﬁ%*’(

nsg. repl yWt h Insep.l7é)ghagepeduretndsn; 20 ) 1 } else if
E I( %ﬁgﬁ%?}(ﬁz\,&ﬁi? g%g,gp %;Sfls?r& tgzlcva?rhe %l ST I Perio._me??? an algent of the main
15 object class in response to receipt of an AGENT-SPECIFIC performative. While
a pure implementation of the black box/white box might be preferred theoretically,
in practical applications, it is often necessary to transmit commands to a particular
agent’s special processing units 326, even though that might require knowledge of
certain procedures or data internal to the special processing unit 316. In an
20 embodiment, the system permits such commands through the use of an AGENT-
SPECIFIC performative. As shown inFig. 18, in step 1810, the white box portion
of the agent simply passes the message content on to the agent’s special processing

unit 316. The procedure then ends (step 1812).

As previously mentioned, the agent network of Fig. 4 includes certain
25 agents which are instantiations of objects in special object classes which extend the
main object class. Indeed in one embodiment, all agents in the network are
instantiations of objects in special object classes which extend the main object class.

One of such agents, in particular the Text Input agent 410 (Fig. 4), will now be
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sendMessage( ( Agent ) knownAgent s. get (t enpSt at us. nessage. sender), MAYBE M NE,
msg. content, nsg.inReplyTo, nsg.repl ywqtgp nmsg. cont ent ,
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synchroni zed bplact waahin thiecovestr eoFofiRig. Re $\reny(eStire Tegt rdputa‘gemﬂg)aluakeﬂsl =
(String)recency.get(rl); 10 r2 = (Str qk)ﬂecenc y.get(r2); if ((rl '= null)
&& (r2 '= nul !rys;eprb‘%lﬁrﬁﬁﬁtaétewewwﬁﬂ f 3Sb&8PEP§ef *’Qlcﬁwmfy)lmﬁ@ﬂturn true;

Ilﬁtie;e%” sugwk)rlng (thgaent@‘%w%eg%#'i all[“%&etglj"?ﬁ‘ﬁgsgqs eger g%vt new

2 0 Integer(r Bx;at&dswiﬂh{i@t(idy funheohbfges oy m’puilfrom?tﬁeﬁﬂat hIf)sp) theh in ste
(terrpl i nt Val ueg >= tenp2.intVal uem& return true: else return false; 25
publ i ¢ syRéhr dRiZdhe E%Iléﬁﬁ agens 410 seads hrcippusimessager 2S it Garzengly stapys, (o |

(311120 eocnal s (bl yoahipd IR RSEORYOTI ol 4k )
false: if ((r1960 thenlehdstdpr1d14y- Inwlill bo ap'i)rématﬁi thantht hme ;Regﬁlht%ﬂ egentt enpi =
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this message by attempting an interpretation, and querying its own downchain
15 agents, all as described above.
Returning to Fig. 19, if a user voice-entry timeout has not yet occurred,
but the user has otherwise indicated (for example, by pressing the enter key on a
keyboard) that he or she wishes to commit the message as it currently stands (step
1916), then in step 1918, the Text Input agent 410 sends the message asit currently
20 stands to all of its downchain agents with a COMMIT performative. Again, the
only downchain agent, Input Regulator 414, responds as described previously. The
step 1900 then ends (step 1914).
If no user voice-entry timeout has occurred, and no user commit indication
has been detected, then in step 1920, the Text Input agent 410 determines whether
25 the user has indicated dissatisfaction with the response of the system to the user’s
most recent query or command. If so, then in step 1922, the Text Input agent 410
sends the prior message to its downchain agents with a RESTORE performative,

to cause the system to undo its incorrect action, and then in step 1924, the Text
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agent, of methods such as those described above. In order to better explain the

overall functioning of the agent network as a whole, Figs. 20, 21, 22 and 23 are

flowcharts describing the sequence of operation that the network of Fig. 4 performs

25 inresponse to certain typical user voice input. These flowcharts are not intended

to cover all possible sequences of events, but rather, illustrate some common or

typical sequences.



else if (print.equals(Integer.tostring(tenpStatus. maxPriority))){ if
((reeenc%onégahnsKeyl theNane)) Il 60

(recency. e sKey(t enpstatus. maxPriorityAgent Nane))) i fCTIUS99/13377
(greater O Equal Recency(t heNanme, tenpStatus. maxPriorityAgent Nane)) WO

991 66381 PCT/LTS99/ 13377 -80return true: else return false; return true; 1
5 return fal se; public synchronized void dissatisfaction(Agent:~essage
nmsg){ 10 processlt(nmsg.content): Enunmeration cat = conmunities. keys():
String question = EMPTY STRING for (Lpy.index ~ |; cat.hasMoreEl enents();
i ndex++){ String tenp 15

(String)expl anati ons.get .riyag)cat . next El enen s f

(question. i ndaxCf (?(gﬂ%?né&%xg. eé‘?%ﬁcﬁﬁhgﬁ?ﬁ ‘Bﬁe(“)ﬁ’? LR 1aPeseerhd 18EpARATOR
) _ tenpstat ysig=4)@seAY8HaHeHnUaE N8N AQRR | S@&E(zmg .+ InPstep BYPT Yin STRI NG,
new Agent I\/Essagegl ast Message), 0, EMPTY_STRING EMPTY_STRI l\f&i

EMPTY_STRI NGagcdrdance prithistepni® 12 grig ai Histke f exrd gputagentwends)tie input message

probl ens. put | nsg. re Wth, t St at,us 5 .

CendNbssage( CAAHIRRNG Ab e B Bl REEtalE Aen: ddf arite TERSHS-YRIREPT! s
FROVI USER & QUgstbi:ailivé. EERB0CRH ohkstindeR théhhSERARRIO R or 0041 PRRP! Y TO.
nmsg.repl yWth, 3 0 msg.language); ) public synchronized vo .

r ecei vedAdvernot se¢n (his fprétdemtbefmet(sep d226| Fignd2), tand alveh Aol downehaini ons

concerning content..3 5 A ender = (Agent)knownAgents. get (nsg. sender) :
F" CF gt Commming GeRIZA. FE1 e Acsoaiai PRATI SrauR T BT R NG
( . Vector aggfhptParfinfrpretation (step 1232, Fig. 12), _

(Vector)comruni ties. get(nsg. content.tolLowerCase().trin())

agent s. addEl enent ( slerstepr 016, thedhpus Regutataroageagéint eketemrims/whthemit(x)/as

comunities. ne.g, cont ent .t oLower Case().,.tri. agents) ;

agent s. add&l 2 ‘%‘to(‘g@migtr ¢ Inpjit F‘é%ﬁaﬁ%cgstep?&ez@é)&%} %)Af#?ﬂ?’ghe“ ‘n)SteP 2018,

nsg. content .t r4 { r i : 50 if

(g ont ol oy eupa Regiol UL jend EHISH- COURS G Y ek cbivhcHoln

expl anat i ons. gnmrostiesidettified intthé mverprEtasion policyi (s€e)stepk23 60Fig ol D) gl stepel se

expl anati ons. put (nsg. content.toLowerCase().trim), 55 . .
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60 Agent sendgih? ?%;Y({a%%ﬁ avaSﬁ?\{]géagg?‘zd gel@ gﬁ%@%&@f&%ﬁ@%@g@g -81
15 20 as described herein.

If in step 2016 the Input Regulator agent did not have an interpretation
policy for this input message, then in step 2022, the Input Regulator agent 414
stores the problem in its temporary request storage unit 326 (Fig. 3) and queries all
of its downchain agents with an IS-THIS-YOURS? performative (steps 1238 and

20 1240, Fig. 12).

Eventually, all of the agents downchain of the Input Regulator agent 414
respond to the query (step 2024). Each response passes through the Input
Regulator agent’s procedure implementing Figs. 10 and 11 herein, including the
application of quality criteria (step 1116) and attempts to automatically resolve

25 contradictory claims of ownership (step 2400). The contradiction resolution
attempt at this stage follows automated contradiction resolution algorithms only;
the user is not yet asked for a resolution if the automated procedures fail. After all

agents respond, in step 2026, the Input Regulator agent 414 determines whether it
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ﬂowcharts of Figs. 21, 22 and 23 apply to any downchain agent in the network.

—

:

Thus, the subject agent is referred to in these flowcharts as agent #i.
In a step 2112, the agent determines whether the message is within its own
25 local domain of responsibility, or it knows of a downchain agent or agents who
should receive the message. If so, then control transfers to the flowchart of Fig. 22,
described hereinafter. If the agent does not claim the message for itself, and does

not have any interpretation policy (preprogrammed or learned) stored which fits the
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t enpst at us. not M nep. gentList + 2 5 tenpPerformative) + tag(sender.nanme, np
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L oSt at s, maotBEkGp H%éaag%{?mm%%ﬁ@e?é HRaRTOGRELERY, b BaseTnpia ™
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sour ce, Strl ngAgd:r):#strl ng s2)( 40 Strl ng tenpResult = EMPTY_STRI NG
[1d("WAS: " +s| +":"

The )Input Regulator agent 414 transmitted its query because it had
20 received a THIS-IS-YOURS performative from its own upchain neighbor (Text
Input agent 410) in step 2022 (Fig. 20), and it had no applicable interpretation
policy. After all agents downchain of the Input Regulator agent 414 have
responded (step 2024), if all contradictory claims of ownership were resolvable
automatically, then the Input Regulator agent sends a THIS-IS-YOURS
25 performative to all relevant downchain communities (step 2018). One of the
responses being considered by Input Regulator agent 414 might be from an agent
in the path leading to Agent #i, and any resolution of contradictory claimants may

or may not resolve in favor of that path. Any agents between Input Regulator agent



i f (!source.equal S(EMPTY STRING)[ int i = 0; while ((i < sl.length()) ~&
(i < s2.1 h & 4 5 (sl.charAt(i) -~ ~ource.charAt(i)) &&
(52.charﬁ%i%m&wsource.charAt(i))) i ++ tenpResult += sourf)cgf'éﬁ?ﬁfé?%"ng(o,
i): i = source.length() - 1. 50 int il ~sl.length() - 1: int 12 ~
s2.length() - 1: while ( 1il > 0) s& (12 > 0) & (sl.charAt(il) _=
source.charAt(i)) ~& (s2.charAt(i2) _= source.charAt(i)))[ 55 i--; il--;

i 2--; ) tenpResult += source.substring(i + 1, source. length()); 1 )
/1d("BECAME: " + tenpResult); 60 returnspenpResult: WO 99166381 -84 5 10
15 20 25 30 35 40 45 50 PCTI US991i 3377 public synchronized void

i vedM . LS. -bel it t this '
| fom does. belhad AR g fuch lafalsd AR BIE RBGhel Coirbacie, BB D) ey )
int tenp; StrdecigioneetagsirFmay siot irbsolyer bFeeE .ofahé phsleayihpse. Agpk Wi th)) ( if

((lItagged(tenpSt at us. notM neA%ent List, IT IS MNE, nsg.sender)) ~-~
(1t agged(t enFSruming BN S alrgefare, insep 2 YEthe BYsiem byrtus preease dytpingingsnt np =

Tt ot ol Ot B d PR Ui T LSRRI O I Y

request FOoys |gadifiatol BRI EE not, fthdn TR SteP 20 [ D thddnbsé BNV HaANBE MnlE) )
tenpPerformative ~ BE M NE: else tenpPerformative = IT IS MNE, } else

t enpPer f or matdthes agentin (% netwerk (Hfing stgps sichtay thase hpginning in step 2216). If

tenpstatus.inteppretatiqns.ind (L ag(sender..nane., I T.JS MNE)L:

r equest Focus = {hgﬂﬁ‘éi“;%ﬂ& T Y“‘B%get eﬁé%ss."?ﬁhﬁ",‘ P?‘gﬁﬁtﬁt‘t@hﬁ@@%ﬁ&@q name.

length() + 2 # THISISYAUES peffoghdiive to Agent #i. In step 2218, Agent #i takes any
agent-specific action in response to the input message (as in step 1224 or 1222, Fig.

10 12), and in step 2220, it passes THIS-IS-YOURS on to other relevant agents

downchain of Agent #i. This is the manner in which the network determines the
correct path(s) to the correct ultimate leaf agent(s), and then causes each agent in
the path to perform any agent-specific functions that it needs to perform in response
to the message.

15 As mentioned, in step 2124 (Fig. 21), if the messages received from Agent
#1’s downchain neighbors, either all decline the message or claim the message in a
contradictory manner, and the contradictions were not resolvable automatically,
then control passes to the flowchart of Fig. 23. Instep 2310, if all of the responses
were NOT-MINE performatives, indicating that all downchain neighbors have

20 declined the message, theninstep 2312, Agent #i returns NOT-MINE to its upchain
sender. Agent #i therefore will not be in any ultimately chosen path for the present
input message (unless the user explicitly selects the path through the use of
DISSATISFIED).

If in step 2310 Agent #i’s received responses are not all NOT-MINE’s,

25 then more than one of Agent #’s neighbors have claimed the message in a
contradictory manner. Depending on the quality criteria employed by Agent #i,
such claims might include both MAYBE-MINE performatives received as well as
IT-IS-MINE performatives received, or may be limited to only IT-IS-MINE
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for (index = 0; index < num index++)

performative eventualfy reaches Agent #i (step 2321). ‘Agent #i takes any agent-
specific action that is required (step 2322), and proceeds to resolve the
contradiction indicated by the responses that it previously received in step 2024 to
its IS-THIS-YQURS? queries. Agent #i resolves its contradiction by interacting
with the user (step 2324). Then, in step 2326, it sends the message on to its
resolved downchain agent(s) with the COMMIT performative. Each such
downchain agent receiving the message takes appropriate action in response to the
message, beginning at step 2218 of its own implementation of the flowchart of Fig.
22 (if that agent had previously received non-contradictory responses from one or

more of its own downchain claiming neighbors), or at step 2321 of the flowchart
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originator of IS-THIS-YOURS? queries (Input Regulator agent 414) have been
assigned higher priorities than agents which are more distant (greater number of

20 hops) from the originator agent. If an agent claims a message because of its own
interpretation policy, then it passes its own priority level upchain with the IT-IS-
MINE performative. If an agent claims a message only because one of its
downchain agents has claimed the message, then the agent passes upchain the
priority level that was specified in the downchain agent's IT-IS-MINE (MAYBE-

25 MINE) performative. Thus, together with the choice of a performative (MAYBE-
MINE or IT-IS-MINE), the priority level returned with a query response indicates

a confidence level with which the agent believes that it is the owner of the input

message. Such indications of confidence not only can be used by upchain agents in
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20 entertainment system 138, the user’s next request is more likely than not to relate
to the same component. For example, the user might say, “Turn the volume up!”,
followed by “Up!”. If the first of these requests resolves eventually to leaf agent
430 in Fig. 4 (the Sound agent), then it is likely that the second of these requests
also should be resolved to the same agent, rather than to Channel agent 434 in Fig

25 4, for example. Accordingly, returning to Fig. 24, if in step 2414, the agent
determines that of the two or more claiming agents with overlapping focus and
having the highest priority, they are nevertheless distinguishable on the basis of
recency, then in step 2415, the claim having weaker recency is changed to a NOT-
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Request | D+ tomatic tests of its contradiction resolution algorithm, such as the tests of steps

2410 and 2414. In any event, the user eventually responds and the system learns the

15 response in accordance with the flowchart of Fig. 13.

Example

As an example of system message flow, assume Text Input agent 410 (Fig.
4) detects a user voice-input message, "Picture to the right." It passes the message
20 tothe Input Regulator agent 414 with a THIS-IS-YOURS performative. Assuming
the Input Regulator agent 414 has no interpretation policy for this input message,
it sends an IS-THIS-YOURS? query to both the TV agent 418 and the VCR agent
420. The VCR agent 420 also cannot interpret the message, so it sends [S-THIS-
YOURS? performatives on to each of its own downchain neighbors 424 and 426.
25 After further communication among agents in the VCR subnetwork, eventually the
VCR agent 420 receives NOT-MINE from all of its downchain neighbors. It

therefore responds NOT-MINE to the Input Regulator agent 414.
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because it has not advertised itself as having any particular domain of

responsibility), responds with NOT-MINE. The Shifting agent community 438
20 does recognize the input message as belonging to the Right Agent 440 (because of
the presence of the word “right” in the message text), so it claims the message by
returning an IT-IS-MINE message to the Viewport agent 432. Viewport agent
432, which was the originator of the present query, has now received exactly one
IT-IS-MINE response. It therefore knows that the message belongs to Shifting
25 agent 438. It transmits the message again to Shifting agent 438, this time with a
THIS-IS-YOURS performative. The Shifting agent 438 compares the input
message to its stored list of problems (in temporary request storage unit 326), and

determines that it has previously seen this problem and that the message belongs to
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15 the intended action, and issues a Commit indication. Text Input agent 410

recognizes this and transmits a COMMIT performative to Input Regulator agent
414. Input Regulator agent 414 has already seen the subject problem and
previously determined that the message belongs to the TV subnetwork. It therefore
passes the message on to TV agent 418 with a COMMIT performative. TV agent
20 418 also determines that it has seen the subject problem before and previously
determined that the message belongs to the Viewport subnetwork. It therefore
passes the message on to the Viewport agent 432 with a COMMIT performative.
Vie\'avport agent 432 also determines that it has previously seen the subject problem,
and further that it has a contradiction. The COMMIT performative requires the
25 Viewport agent 432 to resolve its contradiction. Since in this case the contradiction
is in the form of NOT-MINE responses received from all of the Viewport agent’s

downchain communities, it interacts with the user to resolve the contradiction. For
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previously received NOT-MINE responses from both of its downchain neighbors

15 inresponse to its prior query on the subject problem. It therefore interacts with the

user as above and determines that the message should be routed to the Right agent

440, Shifting agent 438 learns the new interpretation policy and sends an

UNLEARN performative to its upchain neighbor, Viewport agent 432. Viewport

agent 432 removes its previously learned interpretation policy in response to the

20 UNLEARN performative, thereby eliminating a learning redundancy in the network
and localizing the learned policy more closely to the ultimate proper leaf agent.

After learning the new interpretation policy and sending the UNLEARN

message, Shifting agent 438 finally sends the message to Right agent 440 with the

COMMIT performative. Right agent 440 acts on the message (step 1222, Fig. 12)

25  inthe only way it knows how, by sending an AGENT-SPECIFIC performative to

TV Actuator 444 to cause it to move the viewport to the right by an increment. In

this way the network learns, in a properly localized manner, that messages
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15 of forms:

. Ease of programming
. Ease of maintenance
. Widened scope of application
. Efficiency
20 o Coordination of activity

On the other hand machine learning in a multi-agent set-up becomes faster
and more robust.
The agents described herein are adaptable in the following ways:

. The ability of the system to accept new agents at run time,
25
. The ability of each agent to adapt its behavior according to the feedback
it receives (i.e., learning).

Viewing software as a network of Agents(considered asintelligent beings)

30 can result in designs that are much different in structure and modularization than
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System outOprintl n(Mukiplatfoseexeqwion PEIARR carrmand JommBuriigast oTaNGRvaxkT ut e
("PWD' , -1) ; } el sef abfripuRRN(aNGhe Itemet forimstagee)content: " + nmag. content);
} else 10 if (nsg.content.indexO (SaundAgent. i nat ance. namne) 0) {// SOUND
i f (msg. conteni . i nderHirhd\iddition SPHEMAGEI ahd‘$ﬁtﬁ.ﬂﬁé‘eﬁ@ﬂ§l H&RHpR{eh) bf / ON
System out. println("gyzba¢gcuti ng: SOUN ); 15 Test. TVWCR execut e(" VGO,
-1); } el sg if (msg.contant. |adexO‘(CFF)

5 .
SoundAgent i ast anca. papge.l e ste i.nt| a(" ===>Executi ng:
SOUND 20 OFF\n"): Teg ﬁ%ﬁﬁd@%éb?zé i de%é&z Shi e %FS‘g“efsc introduce

(msg. cont ent . i ndexCf § agentgoin ¢ P‘EFFF g %rﬁ?@“ﬁéﬁmmP}é‘ﬁatﬂ‘{s) KEFENORE 25
System out.priatl n(mﬂmﬂéf@smmaﬁ@ve SoepmeroRERpplicationsat . TWCR. execut e(" V',
1); } else if (msg.contaat.indexO(LESS) ~ 3 0

SoundAgent 2ionssance. Ransmbilignoftdgents{// LBSS System

out. println("===>Executing: SOUND LESS\n"); Teat.TVVCR execute("V', -1); }

el se 35 if (mag cont Qﬁ%CmMQ)agl ngﬁfgvaluatmﬁpundAgent , instance . nane .
length () ) { / /~JLIb~ Integef junpValue . new

| nt eger (mag. content . subst r i n cont JUD~ | engt h(),

mag. cont ent_. | engt h() amﬂlg&n g?ﬁnéut rc%m%gﬁ\?ﬁig]a(tureg 2Ung, %@5 JUNE

TO" +j ur’rﬁ\?al ue. t 09 {eﬁags gestsapR adaptive software design that potenti a.lly ks
downan apphcatlon o a network of simple learning modules.

3

. Natural Language Processing: This work suggests a potentially powerful
way of processing natural language input in a distributed and adaptive
30 manner.

Sample Source Code
Set forth in Appendix I is sample Java code for the main object class used
35 by the agents in the network of Fig. 4. Appendix II contains Java code illustrating
the object class for a Text Input agent, such as agent 410 (Fig. 4). Appendix III
contains Java code implementing the object class for an input regulator agent like

Input Regulator agent 414 (Fig. 4). Appendix IV contains Java code illustrating the



Test . TWCR, execute ( "V' , Test.voluneLevel.intVal un()

Test. pre nmeLevsl .iatValus()); 45 } el se d("WAANZN ssage
content: waﬁglkn/éggycontent) } else if qlC%gJ}%%

(mag. content . i ndexOh (Li ght eAgent . i natance. nane) 50 a 0) {//LICGHTS if
(nmsg.content.indexOr(ON) _ LighteAgent.instaacs. aane.leagth()){//ON
System out.println(".=. >Executing: LIGHTS O\\n"); 55 } else WO 99! 6G381
99 LightsAgent OFF\n" ) ; PCTIUS99/13377 if (mag.content.indexOr(COFF)
i nstance. nanme. length()){//OFF Systemeut.println("--.>Executing: LIGHTS 5
} else if (meg.centent.indexOr ( MORE) _

Li ght sAgent . i (

System aut . prﬁ%&g%ﬁ‘ ﬁgméengug%ﬂgwMﬁ%N&%\Tv f‘cmit(?r ger}tg"é‘:hlaFM“

(msg. content. (Engieb}Of(LESS) . _ LightsAgent.instance. nsrre | engt h()){//LESS
System out.println "::: é ﬂ-t LI GATS, LESS\ n) ; } else if

(meg. cont ent . i ndex P 249 ?3‘ SHAlge AR altﬁ@%‘f?c@enhww%gta@(amftonJuwp

I nteger junpVeddfimg"G¥ h tert t syst
| nt eger (nsg. Conten%n s&bstornllené rensam%igrrllt %}llﬂstem 3exOlrt 5[51\/&)5 the2d6r i_h]}ele P .
l ength ( )5, dm@nsnotm mhity tommhiringte with Hoth the actiiytst 250 and the menu agent

out println(" cuting; LIGHTS VP npVal ue. to9tring() +
"\n"): } else a% \E&Rﬂﬂaﬁl@e Wtﬁﬁ’gsh‘i“éé‘gg@ g‘HWP%‘H’Eal units CoRpUBISAE eYith theos }

else if (nme r AR dimen

(rrzg. Long entg. I'n %nz %%?gl{o?g\kgl ‘ﬁg?&hi\ﬂog%ﬁp ance&nangg%algfmttmr)e) {// IVL’RE
System out. pp'rmctylalgénts:GHIIyEm&tdﬁ nugcwﬁiﬁlu%hté\mhmthbr theatwaMERs exeethee( " CL)
1); } else 35 if (nmsg.caontent.indexk (LESS) ~

Col or Agant . i nS1AHA8S e%?@ol ek o) perform Exgsrrssiatien functions, but the only local
]?ufal g;' P]El (" worﬁﬁiégﬁ s ¢ R?T%ﬁhﬁﬁ‘é}aqh r\engh-l;%?{op-)% nnrel%\géjnttw(orkCLFc}r

meg. con I ndex
Col or Agent . i nekangle; tH@PﬂEy h@iﬁgﬁﬁ@ which s dd¥nchiie 6€oth t-lﬁm"ﬂbldgentzm&\ind
I nt eger (nBg. cosstent. aubstring(nsg. cont ent. i ndextf MP) + 45
JUMVP. | eagt h() ther¥§Reegent 3626, emfgmﬁqty ‘PlaySgemmends, for itfntheripva_—mdaz@Buti ng:

Teat  col ar LaveE<Thl \ARUGPHT 1hE Py, Bt 2522 Bple gafen A ZFISTSVORRS T o1 se

d("WAR, NI NGL \ﬁéﬁaﬂnimfes agelaelaaa;eﬁincnon thefBOreqOEt CINE D VID aBb2524 or the
(mag. content . i ndex0O! (Cont rast Agent . i netance. nane) 55 =. 0) {//CONTRAST
15 VCR agent 2526, as the case may be, to activate the Play function of the home

entertainment system 138. This request, which is communicated via an AGENT-
SPECIFIC PERFORMATIVE, permits all DVD-related functions (and VCR-
related functions) to be controlled and maintained in the black-box of a single agent
(the DVD agent 2524 or the VCR agent 2526).

20 Program list 2530 in Fig. 25 is merely a small database which is accessible
from the black-box software of Program agent 2532, Remove agent 2534, and Add
agent 2536. The Program list 2530 contains user-programmed requests for actions
to take place with respect to the home entertainment system 138 at specified future
times.

25 The foregoing description of preferred embodiments of the present
invention has been provided for the purposes of illustration and description It is
not intended to be exhaustive or to limit the invention to the precise forms

disclosed. Obviously, many modifications and variations will be apparent to



WO 991 66381 PCT/ US99/ 13377 -100 if (msg.content.indexOr( MORE)

Contr aet A eat i ast ance. nane. |l ength()){// MORE

Syst em oWO $¥463) n("=~=>Executing: CONTRAST MORE\n"); 5 PCT/US99/13377

Test. TWCR executa("CT", -1); } else if (mag.coatent.indexOr(LESS) _
ContrastAgent i nst ance. nane. | engt h()){//LESS System
out.println(".=-_>Executing: CONTRAST 10 LESS\n") ;

Test . TVWCR. execute( Crt", -1); } else if (msg. content . indexOF (JitM)
Cont r ast Agent . i aet ance. nane. | engt h())(_/6/1J_L7I\/P 15 Integer junpValus . naw

| nt eger (mag. cont ent . aubat ri ng( mag. cont ent . indexO‘(JUNP) + .length(),

mag. conteat. |l ength())) Sc{ot mout priatln("===>Executing: CONTRAST JUMP TO
"+ junpVal u@f@%@@ﬁ?fﬁd@ﬂe Fof exaraple, althqygh the egedinent desgribed

Teat . vol unmeL I el se
d( " WARNI NGL Weg‘lﬁréEsﬁgg’ggg&%ggﬂg%%r%?twf%rlré‘gmé’ n'méaﬁs\{ le- E@“}’@S T’Q‘Q’ ‘f’te'}

(mag. cont ent . sysibex DviiBbe gppreasrAgiea bilien abodimena ey ru_n—oﬁ))nu{t{ pidiskdsbHNESS 3 0
if (msg.content.indexOr(

E .
Bri ght neeaAge%teﬂﬁeqféﬁ%@'\éﬁlqﬁ%“t%?%(‘)‘ﬁh{gw Wtww@m or microcomputers
t tl 8" 1)
;0U35p£ i g.l Sg( | ?onzmﬂﬁ@g%\ t%ﬁ Fxﬁ@é?@fﬁé@%’?ﬁ@&@on e orvmgex)ﬁg%% B

Bri ght aesaAg ehﬁpltﬂﬂﬁtﬁﬁﬁ@aaﬁ&fiﬁe rhgtthdn) Jofihvakd Sher VariatieNs will be apparent.

out.printla(".=.>Executing: HRI GHTNHSS LESS\n"); 4 0 Test.T . exacute("B",
-1); } elsei m(qﬁ@@er Cep_;ﬁpglg{ Whﬁ(fés(dle (d\g{;gbed embodiment attempts automatic

Bri ght A t Val 45
nt ager (mag. conLERUBEIRIE hEaeklel i el Byt SBterk) B Fuami n() )

nsg. cant eat . | @owhttaln dg en&yah(ﬁmmﬁbddtmm |c01(lld-eﬁll€d£>aﬂc‘a‘d§pdﬂ§es B a@dWESS JOL~
TO " + junpVal ue. to8tr| a% "\'n"); Test.TVVCR exeClUte("
Test . bri gBACns ALOBREE COME eﬂtleemsolpéa@ Oplé/éivpeacrés!mghﬁ@mwprfomwﬁue()) }

S'gISEGggIV\SCR:_'I\_I} ggt%%%W?gﬁagﬁboca‘?ﬂénqpﬁescnbed HEFSh SRR @kdr inbrfiri§van VO

(msg. content. 'eﬂﬂ@mge(pmhgllds of EhBﬂ@@xﬁtlori angd ita paietich aFlication) thetdoy ERABEMESI ON i f

(msg. content. i ndexCt
Tel evi ai onAgemhqrmimllndce thmtd l@ﬁgltstﬂ(ﬂ}i)ﬂﬂq inNgIyREN tf??l's‘fa@ws embodiments and

out.println =>>8xacut |

Toet | TWR oxedtiteya ot mefieatns ot st o PRroa gy e duerelafege 1t

(msg. cont e . ijndfdediiid: BRREope of the invention be defined by the following claims and their

Tel evi si onAgent . i nst ence. narre | engt h()){//LESS

System out . prqutllvnl(mts>8xecut| ng: TELFsVI SI ON CHANNEL PREVI QUS\n"); 15
Teat. TWCR exeeute ("C' , Teat.channel Nunber.intValue()); } else if

(msg. content.indaxOf (JUMp) .

Tal evi si onAgent . i nst ance. nane. l ength()){//JUWP 2 0 Integer junpval ue = new
| nt eger (nmag. cont ent . aubatri ng(nsg. content.indexO (JL71~) + JUWP. length(),
msg. content.length())); System out.println(===>~xecuting: TELEVI SI ON
CHANNEL JUWMP TO " + junpValue.toString() + "\n"); 25 Test. TWR execute
("C", Test.channel Nunber.intValus()); } else d(~" WARNI NG W ong nessage
content: " + nsg.content);



} else 30 if (msg.content.indexO (VidecAgent.instance.nane) __ 0) {//VIDEO
if (nmeg. a i ndexOF (RECORD)

Vi deoAgeﬁf&ﬁ%@g%fnce. nane. | ength()) (// RECORD 35 System PCT/USH913377
out.println("...>Sxecuting: VIDEO RECORD\a"); Test.TWCR execute("R', 1); }
el se if (msg.contsnt.indexOr (PLAY) ~ 40

Vi deoAgent . i nst ance. nane. | engt h()) (// PLAY

System out . printl n("===>Executing: VIDEO PLAY\n"); Teat.TWCR execute ("PL"
) -1) ; } else 4 5 if (nsg.content.indegsk (PAUSE)

Vi dsoAgent . i nst ance. nane. | ength()) {// PAUSE System
out.println("a..>Exscutiag: VIDEO PASEZWNpXi Teet. TVWCR execute("P', -1);
50 } else if (msg.content.indexJapnpNRAbiSss Prototype

Vi deoAgent . i nst ance. nane. | engt h€opyrght/CUNBASKkI G ite M

out.priatln("=~ >Executing: vl DEO whPMuSEApetaien 55 ycr PauaelLabel . set Text | "
); Tast. TWER. execut e("S", -1); WO 99| 66381PCT/ fJS99/ 13377-102-} elseif
(nmsg. cont ent . V hdee®k (SFEP) y=Vi deoAgent . i nat aau . nane.

| engt h()){//S'g%?(@é@tl,gl,‘rgglSA ut. println(~"...)Executing: VI DEGGSTOP\n");

vcr Functi onLabel . set Text ("VCR STOP "); Teet. TWCR execute("S", -1);

Test . TWCROex etuteat" Bva, Tsit- *ehannel Nunber . i nt Val ue()); 10} el sei f

(mag. content . i gggv@ K
__VideoAgent . i DedARCEs NaRE, Jrenghduekd{/+;REW NDSyst em
out.println(~" =)Executing: vl DEOREW ND\n"); 15Teat. TWCR. execute ("RW, -1) ;}

el sei! (n,é.g"-} c g‘iﬁ H;}:ﬁ%@g DecoratedFrame implements
.. Vi daoAgent . ?‘Qgt anggﬁégﬁ%r} eéngt ?/{/ FORWARDSyst em

out. println("~. pe8reaeuisicngr iBESR BFORAARD aToX { Taet / TVWCR texacwhefs F', -1);
}oelseif (pg. content . jndexqt

. _VideoAgent.in %m@e%&mﬁ@&gs (AGéddRY 1 stener aEventListener) (

5System out. pri nt | n( " =sxpExesnst: RRELVIOEQ2 DHANNES NNFXT\ 1") ;

Teet . TWCR execlit e(" CV', Test . vi deoChannel Nunber . i ntVal ue());} el se3 0if

i msg. cont eg8 . i ndeXi ¥ bfmeRronized void

= Vi deoAgent . i nst esmoe e bV et by gnef [ AdeEES8 s Leshener aEventListener)
out.printin(~{. . >B xecyt

i.0g. M ' N
Test. TWCR. executye(" CV", fg%%%%?g’%d’%hgﬁ%%%%ﬁ? Jal us()); } else if

(nmsg. contedd . i ndexOF (JUMP) s= Vi deoAgent . instance, nanme. |l ength()){//JOwW
| nt eger J urera| l&éot':e v4>:.L6 notifyAgentEventlListeners() {

| nt eger (nsg. cont enxgew i 804 MRY. £t endnciogef (~7UMp) + JUMP. |ength(),
mag. cont en%SI ength())); S,ys%ﬁe}n;tgzu} ;lpri ?‘}elfg‘(”ﬁﬁé ZExecu(g‘%iQngQl VI} DEO CHANNEL
JUbbl 9 TO 2=+ junp 1GS )17 5, . %E te! ("CVN, 45
Test . vi deoChaans| Ng%ﬁéﬁ%\éﬁkh&@ﬁéiﬁ%e%leéreiaz(t'km/ D s ¢ Eﬁg?%eensgs/age
content: + nmg.comteat); } sl141 50 if

(msg. contepy. i ndexOf (W ndowRgent . i net anca. nnne) e= 0) {//WNDOW i f

(mag. cont ent. i ndexgb{,ALD Wert Bvent to registered listeners
W ndowAgent . i nstraatestedmeeilds ngt FAYRy¢IYERDE LSy Serers (RgentEvent e) |

out.println("...)EXé% L hg AR\ RA). } . TWCR, pi pDi spl ay(true);
WD 991 663845- 103 } £8 °s<é§€%%ﬂa§%£aﬂa\rﬁé%l(gﬁ?&ﬁﬁﬁa@\zvem

W ndowAgent . i nst ance/{ trgratBvengligtehéy /IREMICELSY(S) emEventFired (e);
out.println("~=>>Edecuting: 5 RBMOVE\n"); 1015 20

Test. TWCR pi pDi spl ay(falae) ; } else if (nmag.content.indsxOf(MORE) ~.

W ndowAgent.0i nstmuraec nared | avgh tlirpd (AdWDREve8y s¢lern
out. pri ntl n( " ===>Sx¢tRnest -CHANNEL "NEHFt PIentReest mReR/ssi BChadin®d™ext () }

+
el se " from " + e.getSource() + " with args

" + e.getArgObject ()} :
55 )

String name ; // the agent's name
public String getName()} { return name ; }
public void setName(String Name) {
60 String oldName = name ;
name = Name ;



if (nmsg.content.indexOr(LESS) . wi ndowAgent.inatance. nane.length()){//L8S9
Systsmout. println(".~ ~Executing: CHANNEL PREVI QUS\n");

Teat . TWCRVQ I8 hnel Prev(); } else if (mag. content. i ndex ORCIOA9Y/13377

W ndowAgent . i nst anca. nama. | engt h()){//JUVP | nteger junpValue new

PCT/ US99I1 13377 _. W NDOW W NDOW W NDOW

| nt eger (mag. cont ent . aubat ri ng(neg. content. i ndexOf (JUMp) + JUWP. length())
nog. content.langthl))); 2 5 Syatam out. println("~==>Executing: W NDOW -
CHANNEL JUWP TO " + junpVal ue.to9tri ngg% + "\n'~);

Teet. TWCR. pi pBat Chsanel (Test. w ndowCha %el NUnber . i nt Val ue() - Tea

t. previ ouaW ndov»Ct;ulgnne unbper Cg U ())éme;% 0 l}dNeI se d(" \(\ARNI NG Wong
massage content; o3 e LR ORPBRAT ) RS s - ofdName, “name) ;

(mag. cont ent . |ndexO‘IDVDAgent i nst ance. narre) .. 35 0) {//DVvD 40 45 50 55 if
(Meg. cont ant . i NRIEXEF$ FIZA rthhB\%Agéﬁﬂftl FtaRea nawe. | engt h()) {// PLAY
System ouf. pfFrRIhY-$e9g d*' Test . TWCR. oel ectDvd ( )

Teat . TWCR. dvdPi gy(lxc; agenaa) i{f némeeg. cxo;retnent i ndexCf (PADSE) . .

DVDAgent . i nat an&‘é’lﬁar@el“éh%ﬁ%ey)“{af“FPA{USEm&rsE“@m aut . printl n(" .. >gXecut i ng:
PAUSE\ n) ; 1keat . JWGR-dydRay §gcegg<)} |l se /|/f {0 qggtlﬁar}torlg}q)g (ﬂgNPADSE)
DVDAgent . i nst gncecwane. | angt h() 1{/ UNPAUS Syst em out pr| nt —>$xecut| ng
UNPAUSE\ n") ; dvdP§uaesteI aet &/ T/e/ .} also
i f (mag. cont ent PPHdEx FLETED)S " [id\gen i he1% néﬁe r?&ﬁ%t Itanagtkﬁf‘)”) {SFP?I'OD DVD
PLAY\ n"); 1BVD Dyi»l1WErAQl 6::3821x704 HCT/ 162914332 7e the agent for
System out . priPAPFH(s*2a4=>Executi ng: DVD STOP\n"); Test.TWCR dvdStop ()

Test. TWCR dVdSpr(e)qulg_@:l 59 Run-xgym J.n@é(@a@é'ta%d(Tﬂ'rgads 5
Test . channel Nunbereaddntwalitie )ew Thread(); // start{)ed in the process()

method
boolean stopped = false:; // control flag
public void stop() {} ; // stop the agent thread
public void run{) !} : // body of thread

25
}:

//*************************

// AROSARgent class preototype.

30 // All PAOSRagents should be completed extensions of this class.
// AROSPAgents don't send messages to themselves.
package AROSA3;

35 import java.util.*;

public class AAOSAAgent extends Agent implements

RAOSAConstants|{
static final String MY NAME = "AAOSAAgentl";
40 static final int MY PRIORITY = 0;
static final String MY COMMUNITY = "AROSAAgent";

/* The code in this comment should always begin any extensions
of this class.
// registers should always be bothways (unless not using routing
45 features).
// Note that the agent name should be replaced.
private static <AgentName> instance = null; //singleton

//in singleton design pattern, used to get single instance
50 static public <AgentName> Instance() |
if (instance == null) {
instance = new <AgentName>("Input");
}

return instance;

55 )
public static synchronized void register{AgentEvent e) |
if (instance == null) instance = new <AgentName>|():
if

60 (!instance.knownAgents.containsKey(((Agent)e.getSource()).getNam
e())) {



} else if (mag.content.indexOr(REWND) . ~

DVDAgent . i nst ance. nane. | engt h()) {// REW ND

Syst em oWwOPR6638L n( " ==>>Exeeuti ng: DVD 10 RBWND\n"); PCT/US99/13377

Test. TVWCR dvdScanReverse(); } else if (msg.content.indexO ( FORWARD)
DVDAgent . i nst ance. nane. | ength()){// FORWARD Z5 System out. println(;
==>Executi ng: DVD FORWARD\ n"); Test.TWCR dvdScanForward(); } el se

d("WARNI NG wrong nmessage content: " + 2 0 nsg.content); }

di apl ay$verything(); 25 sen~essags

( Agent ) knownAgent e. get ( Text | nput Agant . TA8Tance. name), CLEAR- TEXT,
Eb~T7C_STRi NG, EMPTY_STRI NG meg repI yWth, EMPTY STRI NG ; } 30 1 public

synchroni zed I 0 TV. saf nabl al se) ;
TV. set For egr oé%%&% Ao t"‘%%etnral nactl veg%a%)ltl g{eﬁsmﬁ e aVALY bfll'f‘(%@al e(new
java. util Local el" ! E2~TY_STRI NC~) ; TV. set Locatl on(new Poi nt ( 50,
50)); TV.sét 5| é’é‘{?{’é\tﬁtﬂ A chﬁgg,(g?ggmmgé %@@ a outl); 40

Vol um~. s~t Bnabl ad( Eal s&)ise \@}sdbR.cuet px

Vol une. set M nitggig@); " + ((RAgent)e.getSource()). getName())

Vol une. set xu)ilm_abel String(lnteger.toString(Teet.volunmemax)); 4 5

Vol une. s~t M ni nust gheb Steyi; Ng(rrYeA wFen®)s, pMalrtigge 186t Val ue( 0) ;

Li ght e. aet 8nahl e%ﬁlazl aBgsARtierght S( sepdai ruvrfn es MY | NAMEL sMaety =

Li ght a. set M ni*fru '

Li ght s. eetidaxi nyﬁtﬁlzah&srmee(d (@te;g@r N&QSL [ 1RgeT@Bke| ] GRLSNRY) )]

Li ght s. aet M niMyeRREIFEL St ) i ng ghts 0"); Lights.set Val ue(0);

Col or . set Enabl g g?%%@§é‘?°sp§g ISBFL@eFT\%Fm h‘?fn% TR LB b o ENRBE) (Name) ;

Col or. set M ni i Vo 9bi 66381 - 105 PO/ US99/ 13377

Col or . set MXi w#ﬁa@edbSErkraquqﬁnﬁ 1cr-:*:lr neoSteshrriplFeat. col aghx npme 1s

Col or.set M ni rﬁﬁﬁla gt Val,

Cont r ast . aet Enadyl, g%%’ @ @ eQ,e), Haggﬁd%rr%ﬁr%r( TestF%%%%rasF%J)

Contrast. set M%Hﬁa LLEE erroblems = n%gashtable() // request-content is

Contr ast . 3 Py ing(T on ras tMax 10 ));
Contrast. set M mﬁﬁ%t%gsgag go‘rg Ehéa%ﬁg % ??Eéect E al ues( 0);

Bri ght ness. set Ert!abh'ed(lfeaéra:e)anatarongm messiasmalmm )n'uvf(Tseaht bfarrghtﬂesel\/ax) 15

d not

Brlgfﬂ ness dl tlon of agent's dgma;g is vi}ue
Bri ght ness. eetb@gﬁ b@iﬁf’ﬁm@ﬁ?ﬁf@éeﬁ a,&&eru nga estnaﬁ‘rl gsht Ae's shMax) ) ;
Bri ght ness. aet Mﬁmenum_sabeé Stspi ng cghtengsmesgaye bRif)g processed

Bri ght aess. set V. ?Eﬁt jﬁ?)%q;g?gss ‘é‘t St &?"é(‘@?“tMEF@ar‘Pleébn aetStatell);
SoundOr f . egglab 1Ryt otes n.sat Label ("lights on"); 2 5

Power On. net 5t at ng Dmmtmosmﬂ_ab@ﬂ’g %%! .
t vchannel Label . %Eg%wggggj‘:%ﬁgeyn VT RS TABEr . set Font (nsw Font (" Di al og",

0, 20)); tvchan elesgef @F&c{us ampel sTRing O
ver Funct i O&Qabel set Bnabl ed( f al se) verl ~ncti onhabel set Font(now

Font (" Di al og" Vol F aet
dvdFunctlonLabeI &e&%&ﬁg ﬁs@%gﬁgém Vg’-gl% eluseinﬁeafcmew

Font ("Di al og", O,px2B)¢ms 3 &@vdmcu Onkablekleat FEX ipl éiEMBs ");

vcr Pausela set BF‘aetqg‘a‘l’é*é hta\?&ﬁf lisg_éﬁg §§%r a@E Font (" Di al og",
0) 20)); ver Paueeié@aeﬁ ﬁiemta heamie (UVAPAGsEl AR Fnacf(lf" afse); 4 0
dvdPauselLabsl . set Font (new Foat ("Di al og", 0, 20)); dvdPauselLabel . set Text ("
"); vcr Cha I Lag set Er&abl edgfg se) ver Channel Label . set Font (aew

Foat (" Di al og : %td;ﬂ,ed | Label . eet Text (" Channel ");

runnit = new Thread(thls) ;
runnit.start{) -

|

55
public void stop() {
stopped = true;
runnit.stop()
]
60

// method of Runnable (Thread) interface
public void run{() {



4 5 wi ndowChannel Label . set Bnabl ed(f al ae); w ndowChannel Label . set Font ( naw
Font ("D al og", 0, 20)); w ndowChannel Label .set Text("PIP: NONE ");

t hi s. eat OWEE946381Di nensi on( 632, 666)); TV.add(VA unme, new RYTYHRAIATNt s( 85,
5 -1, -1)); 50 TV.add(Lighte, new XYConstraints(85, 500, -1, -1));

TV. add( Col or, new XYConstraints(85, 55) -1, -1)); TV.add(Contrast, new
XYConstrai nts(65) 105, -1, -1)); TV.add(Brightnees, sew XYConetrai nts(85,
155, -1, -1)); TV.add(SoundOEf) new %(Const rainta(352) 5, -1, -1)); 55°

TV. add( Li ght eOn, sew %Constrai at s(352, -1, -1)); TV.add(PowerOn, new
XYConetrai nte(352, 430, -1, -1)); & Ib6381 106 PCT/ U599/ 13377

TV. add(tvchannel L new XYCo strai nt s(22, 205, -1, -1));
TV. add( ver Fuact i oﬁ'l‘_’gﬁ ﬁ’é\c}v"XY ]hSt)IiaI nts(22, 258, -1, -1) ) :
TV. add(vcr PauseLabel , nE:WeXé{(hnsp [ @onge(z822 pudhBro 1; -1)); 5
TV. add(vcr Channel Labél new XYConat r ai nt ag22 285, -1, -1));
TV. add( dvdFunct i onLa Cé‘ﬁh éWW&BﬁEthF‘%?Dﬁt‘e? 53,330, -1, -1) ) :
TV. add(dvdPauselLabel , newnX¥tomsted ai nts(322, 330, -1, -1));
1, 10 -1) ) ;

TV. add(w ndOV\Channel)_/agel cgg\tlls)‘e(}(gpqat r.ai nt a|(22) 370,
TV. add(j CSgpar at orI)ID(;1<;=§g’\;1 nstralpnfg(’fé, 250, 352, 11));
TV. add(j CSepar aton2, new XYConet r ni nts(26, 320, 352, 11));
TV. add(j CSeparat or 3, new XYConotraints(26) 360, 352, 11));
TV. add(jCSeparaxtor4 new XYConstraints(26, 400, 352, 11)); 15
TV. add(j CSepar atmibdic nemu)é‘é@emﬁtlrxzadmgs(x@:,ve%o:) 440, 40));
this.setTitle("Devi @@%ég@sgm -SEFHY o BRI HIAW') ; t hi a. eet Bounda( 100, 100,
400, 550); this. addfIife b a o -pack®(’') ; 2 0thi s . tosack () ; this.
show() ; \évﬁo 99) 66381 -107 PCTI US99/ 133 77 CLAIMS 1 1. A
conput er -i Al ene d h d for rocessing a subj ect nessage, 2 by a
net wor k of agent‘%“t')'i clniﬂ I’:‘éﬁﬁﬁﬁ?tﬁw:‘s@gg@t and at |east one agent
downchain 3 of said msttmacj cxrema;geuataeqaae fol BTRBJaLd networ k having a
vi ew of |t§ own domai n's'%'lb‘i arﬁ%% i ﬁstﬁ_‘i‘%ﬁ, sing the steps of said
initiator 3ent 5 quegt)glg rétm OREp mGagents downchai n of said
initiator agent in saitht6imexwer thet her f'he queried agent considers said
subj ect nessage to be |n thInZ gpur%rt!aeldo %gnt s domain of responsibility; a
resol ving apy conflict g resp OTsES aid queried agents, which 9
responses neet thresh \d:lﬁ]daﬂritbypl&lthtEN(a;rlhg reb@mti fy a prevailing group
of at least 10 one of said downchain ageEn réntJOR%M%M%féFg‘mﬁ‘}bj ect nmessage
shoul d be passed; and 11 instructing at @ﬁ%@ Fyrer=y %g‘iaﬁﬁs,gn said prevailing
group to ha®ll e said subject 12 nessage. siridg wewretped ) accor di ng to claim
1, wherein said subject ’??éﬁls‘aogrf{ﬁs‘ﬁlﬁﬁl udes user input. 1 3. A nethod
according to claim 2, V\h@frtg @tpergfq&rsepar ng ‘said 2 subj ect nmessage
in response to user mpﬁacamqusas-ttsﬁosemuefst preparing said 3 subject
message i n $®sponse to)rfmwﬁF%esFan@‘G%{@@“Fé&'t input. 1 4. A method according
to claim1, whergin sai'd network of agents is 2 organized as a
hyperstructure of alents 1 5. Anethod according to claiml1l, wherein said
z g ou
evar 115 geous ML OISR E L3N 1 Aot o

agent .

public synchronized Interpretation interpretlIt(String item,
String processedltem, AgentMessage msg) {
50 //This is an extremely simple minded, text-based
interpretation policy.
//It can be improved in extensions.
int ti;
boolean exactSearch;
55 String tempMatch;
Interpretation interpretation = new Interpretation():;
for (Enumeration learnedCateguries = learned.keys():
learnedCateguries.hasMoreElements(); ) {//check learned
interpretations
60 tempMatch = (String)learnedCateguries.nextElement();
if (tempMatch.indexOf (EXACT_MATCH) == 0) {
exactSearch = true;



123456123456. Anethod according to clarmb5, further
conprisingthe steps of said initiator agent: receiving at | east one query
response WPAN$6381 d queri ed agents; and discarding as a satBGHEPBII7cl ai m
prior to said step of instructing, any of said query responses which claim
sai d subject nessage but fail said threshold quality criteria. 7. A nethod
according to claim®6, wherein each of said query responses has associ at ed
therewith an indication of a priority level of the agent which originated
said query response, and wherein said stgp ofdiscarding conprises the step
of discarding as a sati sfactory claim each of said query responses whose
associ ated priority | evel is. belQ o tpr edeterm ned threshold. 1 8. A nethod"
according to ebasacds. s\MB fQing (BaCh T@&l&mgﬁﬂ@ﬁ)’tgmﬁbﬁigf?r&%%%tﬁHr)ther has
associ ated t herew thelss i ndi catl on of confidence with which 3 the agent

ori ginating said quer;ﬁ’ﬁig; S TIFaLTY said syhiget nessage. 1 9. A nethod
according to claiml, n Ihosard initiator agent 2 considers all
responses from sai df UE(nnedrpac erdiont tndedet said threshold quality 3
criteria. 10. PACHETROE: gﬁ GG TRIER - "ifigr el i $8NB r'ésponses
identify 2 oM thout conf(r(aété{tplre&éoﬁ aldekng= gfoup of at | east one agent

whi ch claim sal d 3 subjrectesnesiage chsrisdimgipAetatebn. yreispect.i ve= donai ns of
responsi bi lity,4%and q__gr Nesald,ster,0f resolving any conflicting
responses to ieBtddeyatida. pEfial1drd@h Or @HPpfHceddedreasti-qhe, @gent conprises
the step df5identifyin rsaedse@llaemnct} riﬁ(gnmrasad;enn:gudsald prevailing
group. WO 991“66’38‘?"“3 B{I“‘%@gﬁ% % 1)V W et hod according to claim
1, wherein sa|;doee§mms§§ 2 (idhtdr elﬂ& idrt. yn@fx esponses in which
respective cI alnye Ry e g eivirs reasl . béra;ltm( sapdosraspdEen. Bermessage as being in
the domai 11 1espory d%@ii’*pﬁ&st o g&%@g@ti&aog'& ng agent, 4 said
clai ms being r’?utua YV 1 8¥&Apst ME on tl 4 saldpl urality of
responses 5 hamtlegpeat:iesme@ewa q;nalsgt \r:jlrs\gvabre%smlg afedredersewi th, 6
wherein s step of [ t he step
of conpar ?éng t he quali Eyuﬁfé\f e'il-égéé%ignr es%%{lgg Z%iﬁg g%tlgde g?‘%& éﬁ%%
responses. 1 12. Anethod according to claim1l, wherein each of sai d
quality levels 2) Jenel udg§ a priority measure of the respective claimng
agent and _f;grthe,r rnclude’s a 3 neasure of confidence with which the
respective clai mLﬁg agent clains said subject 4 nessage. 1 13. A nethod
according to cl @412 SLaARMIPeAIRBE stre of 2 confidence of a respective
claim ng agent conpri sRsigd rb,ﬂgﬁnqggsmngf whethetriNg 3 respective claimng
agent consiB8ers that antoimdeads chNL)n exi sts am)ng further agents downchain

of the respective clai %@]g{% or, ding.to, glaim1l,

wher ein said r@smnseag?frer- @by | N iﬁuﬁe t-qegé:r[?esro&rge"y\h&@hevcl ai ms
sai d subj ect rressage as bei ng |n"t he domai n 3 of respohssdi | feevet”.a

further agéft dBuIRAL n,tbi‘r"s“éf‘ i"APETEEBr - addfteensai dirtaner 4 response
not bei ng nut uaFT’y "6XCl Usi ve with any of the responsesuiiynsabgh,plurality of
5 responses. 1"ﬁ5nteAn\'TEt"h@ehtaZC¢:0r ding to claim1l, wherein said responses

i ncl ude a lurality o h respective claimng agents each
cl ai m sai d%‘ssgbj ect 3 n% a erug\é' e‘Z‘Flﬁ%“y} fhe domai n of responsibility of
the respective claimng ent sai d cl aims being nutually excl usive, WO
99166381 PGI/ U5 9;?113375‘;21;“;&3!@%{?@#@ bg@%gg;?lrgégﬁ %FF%@W%@thhy
conflictingg es/zonses H causfng a user to be asked to
resolve said conflictibg tesgonses. 1 16 A nmet hod according to claiml15,
wherein said step of cgu5| ng a 2 2 usel 1513139 Egﬂ,ﬁsg rc%‘sloéevre;alld
conflicting respoRs&s- g:orrprl desSTthe step o usér to select
anong said £83aimng 1 17. iA medehpzl =accor di ng to cI aim 15) wherein said step
of resolving 2 FegresernisidLy g ﬁé‘-°§f-éi§‘gZF°‘li“déﬁ)t)l)fylffﬂj'%al d prevailing
group in response to natur al* LJe dgkadneXtenpaPlty)ent er ey igy response to
said step of causing a user t0( (Bemges ketntkgt 0. troesaln\qeca&itdrpamﬁbudbl ng
responses. 4018= Aemstshoterastoy)dil h L0 CIA% , yherein said responses
include a 2 pl Uf,pclelggy tggt,_rlq@pgc{ﬁg r) I;‘n “.jispeqt)l)\(e claim ng agents each
cl ai m sai d subject "3 nmessage as being | n the domai n of responsibility of
the respective claimng agent, 4 said clainms being nmutually exclusive, 5
wherein said step of resolving any conflicting responses conprises the step
6 of evaluating how recently each of said claimng agents was instructed by
said 7 initiator to handle a prior nmessage. 1 19. A nethod according to
claim1, wherein said responses include a 2 plurality of responses in which
respective claimng agents each cl aimsaid subject 3 nessage as being in
the domain of responsibility of the respective claimng agent, 4 each
response |n sald pIurallty of responses having a respective quality level 5

o - .



9 evaluating how recently each ofsaid claimng agentswas instructed by said
10 initiator to handle a prior nessage. 1 20. A nethod according to claim
19, wher &Y 9%%6638il st ep ofresol ving any 2 conflicting resporSgUHidAer
conprises the step of causing a user to be asked to 3 resolve said
conflicting responses. 1 21. A nethod according to claim?20, wherein said
step of resolving 2 said conflicting responses further conprises the step
of identifying said prevailing 3 group in response to natural |anguage text
input entered in response to said step_ f7_4 causing a user to be asked to
resol ve said conflicting responses. 1 22. A nethod according to claim1l)
wherein said step of instruct] t 2 |least one agent in said prevailing

group to handl e said subject rg%&g@ﬁés&ﬁﬁi)ﬁ%@guétﬁQ@oﬁgg%(gf gegﬁg)ructi ng
said prevailing group to handl e said subject nessage. 1 23." A net hod

according to claim21, furth onpr | sing, theest s@fstgry (kpmest +one of said
queri ed agdnt gf‘t‘?gﬁrr%°§66h%ge‘%§§§£g“ﬁiatgi§é‘g§?" 3 GeT&PH 1PAL" Whét her sai d

subj ect nessage i s within sairdedir stueagent' s 4 donmain of responsibility, 5
and where said subject nessladée}ss wptiisniskied first agent's domain of 6
responsi bilgi t ¥)b&kuri gg N Pelpoiise To-LAIG T hi tTUETT Ag¥NE) ¢l ai mi ng said
subj ect 7 nessage. 1 2%.((Aemphodegacenr.dnagrdtanaioairst hhgf Wukbeys)cpnpri si ng
the steps of & POWH)r &t one..of §gidpq queried agepts. in response to said
query: 3 detergini ng whet Eeen?p sai squ eréﬁu%sesgaag%ti(éewzthilﬁ Said f!rst
agent's 41donmai n of responsid2 ki dwnperstiADnOOIB6B88ds ) PAIH991=23377 - 1125 and

- t ) l - - - - 1 -
wher e sai d suBFeestne é )i%tr_]gktéﬁgt Qelmrllbzsgl d first agent's domaui of 6
El¥ng

responsi bili tylugggrssgi,q;s[ﬁﬁ,ﬁergg &g ne=further downchain agents,
returning a 7 response ti@ said initiator agent disclaimng said subject
message. B®5. A method REYS e'rggrrltgﬁ‘byiagqmegf further comprising the steps
of a 2 f! rst one of sali d querie aggnt sneqhgsgjgggﬁﬁﬁgtgm%_ E& query: 3
det er m ni ng whetcherstsangk (sultjeesl . egshge irsqwdstchiengsandfirst agent's 4
domei n of yesponsi bi i tyinds* andeWrere sai d subject nmessage is not within
said first“agent's dogain 0 résponsibility but said first agent has
further agents downchaetumf fsladed first agent, 7 querying at |east one of
said further agents whether the further agent considers said a subject
nmessage toype in the LuiResyage6ti 2adesRiean tfudesiensiihity. 1 26. A
met hod accor di ngreturakai iMt2bppdraLurithdr conpri sing the steps of 2 said first
agent: 3 receiyi n? at .| e%gt_ rOHETS i [TheNEPPYTe 3PPy Fimem F&i ttheNETeier

agents; 4 evalUatfng gard fitrther responses to deternine whether any claim
said 5 subp®ct message and al so satisfy predetermned quality criteria; and
6 where none of sg' d further ;eedsp,ong%séngjldai m s(aiAd gtub' ect nessage and al so

7 satisfy said predet &P Hed §TAITTY CPiterta: @ ALt btk oandespONSe to said

initiator 8 agent disclaimng said subject nessageimscheieng, W t hin said
first agent®s domain of 9 responsibility. | 27. g%rm Patkording to claim
76, wherein each of said further 2 responses hascasapPchediabcher ewi th an

i ndi cation of a priorirggntrdsehgoimst lre negemfenBMedsiagh( @erfimmated, sai d furt her
response, gd wherein said step of evaluating 4 conpreeseati he step of
requiring mninmumpriority |evel. WO 991 66381 Pcﬁﬁmt‘i'%?? -113 1 28.
A net hod according to claim27, wherein each of said further 2 responses
further has as3®eissrcbStRErERFEPFiAH) i ndi cation of confidence with which 3
the agent @giginating said further response clainms sdg ‘f;s.‘ﬁ@jl’,éaé“f"’nessage. 1
29. A nethod according to claim 26, wherein in said slaep)0f eval uating 2
said further responsegnstgodblmléﬁﬁ"n%vxhe% her an }igl ai m sai d subj ect nessage
and al so 3 satisfy pred&fafm AEEHGalS S?evér}}gt%? ENEEHGY 155t ‘agent

consi ders &5gi ven response to 4 satisfy said predeterm ned quality criteria
whenever said fiPwiliggemchhens zedceildetensifessediAaentreespirige, 1 30. A

met hod according to ciaim25, further conprisinggihd @@g@ "BFS said first
agent: 3 receiving at |east one further responsesddigagnisacglyfsyther agents;
4 eval uati P said further responses to detern neSwiheReptyWiny, cl ai msaid 5
subj ect message and al so satisfy predeternined qiﬁﬂlﬁgg};:gggi‘{g[_l , and 6
where at | east one of said further responses clalns sald subject nmessage 7
and al so satisfies said predetermned quality criteria, returning a
response to said a initiator agent claimng said subject nessage as being
within said first agent's 9 domain of responsibility. 1 31. A nethod
according to claim30, wherein one of said further 2 responses which claim
sai d subject nessage and al so satisfies said predetermned 3 quality
criteria clainms said subject nmessage with a high I evel of confidence. 4 32.
A met hod according to claim 30, wherein one of said further 5 responses

whi ch claimsaid subject nmessage and al so satisfies said predeterm ned 6

N LR - o I 1 o 1 o, S T T T I o T T I | Y



W O 99166381 -114 PCTNS991 13377 1 33. A nmethod accerding to claim 30,

wherei n none of said further 2 responses which claimsaid subject nessage
and al so WaP/e638es said predetermned 3 quality criteria cPGITHEINIPT

subj ect nessage with nore than a nmedium |l evel of 4 confidence. 1 34. A

met hod according to claim1, further conprising the step of said 2 network,
in response to said step of instructing at | east one agent in said
prevailing 3 group to handl e said subject nessage, causing an output to be
generated which is human-perceptible. 1_.35. A nethod according to claim 34,
further conprising the step of 2 provi di"ig said subject nmessage in response
to human input. 1 36. A nethod according to claim34, further conprising
the step of 2 providi P SHFFG0]Ect ‘}?é’sé%edléMf?‘Fargéépggrﬁ “R%5Hat ur al

| anguage text input. 1 37. A method according to cl ainmegiyfoyrt her
conprising the step of said 2 at | east one agent in agdagy.evailing group
produci ng an Qut Pyt @fsSald (ekupLd . b3, r esponse to recei pt of said
instruction fromsaid initiator agent. 3 8. A net hadeaceomdihlg to claim
1, further conprising the step of said 2 at | east ongeprageéxth.in said
prevailingagroup, in LesSRARSE. L@, receipt of said i nst¥3c¢ti on 3 fromsaid
initiator agent, i nstracdiviey. £vpriedetemewnebntevdrhetniagentqgJownchai n of 4
said first agent to handl e said subject nessage. 1 39. A nethod according
to claimil, furtlsl: CQURE Shited D6 SLERM0La (2addnkSteRIG.f said queried
agents, ingesponse to said query: WO 991 66384t rihd S REdEAIS99£ 13377 3
guerying at |east one further agent downchai n oftmagdcdntest, agent whet her 4
the further agent considers said subject massagézﬁ gbgﬁfg%,ﬁﬁe further
agent's domain 5 of responsibility; 6 receivi ngs&iﬁl;umeilo' Ly fair t her
conflictind0responses fromsaid further 7 agentStmaghitaauagdlyilng

predet er ni ned qual i ty*8FFTEFFAIRAGY A AP h G T AP %4 @%ﬁ 2¢tV*8 nmessage i s
within the further agent's domain of responsibility;: 19rseturning a
response tg.said initiator agent claimng said subjeégtngvegsage to as being
within saifirst agent's domain of responsibility, IICFQE¥Hero€onprising
said first agent: 12 receiving said instruction fronmregiy@#its) t1 ator agent;

13 in response to said i ng%rﬁct‘i&n, resol ving said fareher conflicting _
responses 34 to ident il 3 FUEENER pDrRVAL hBEh@LOMD 8] s AlushPASt One of said

further agents tp whom 15 sai d subject nessage shoul d be passed; and 16

instructing at | east one agent in said I:urthe_ revailing group to handl e
sai d 17 subj ect iﬁ ’;i%ﬁ@;ﬁ%ﬁéﬁg&i&%ﬁ{éﬁgfﬁﬁﬁémo cl ai m 39, wherein said
step of regsl vi ngetdiraai ghtitdwlgét @anéddaeiNINgTE )2 SpPONSes conpri ses the step
of causing a useghNowigetdSrkapdsr tHOUR HOPRE $afdi+f urther conflicting
responses. 1 4f??%”ﬁi§t?%d%ﬁf‘8?ﬁi%§—?o— EFB m 2Y'% ivherein said step of
resolving 2 said further conflicting responses further conprises the step
of identif@#Ong seidig funchherized eralll iM§iyisapiins (reésponse to natural
| anguage t ext m&glign_;ﬁ{c?goﬁﬁeg fAaaPaNsSeudR ca@itd (5t ep of causing a user to
be asked to resolve said further conflicting 5 responses. 1 42. A nethod
accordi ng %c#gt;?&%@o%%ggggﬁgg%gggﬁ# (Adeatifagys gftapusaisgring st agent
| ear ni ng t 2 (1140100 £OREE! MaedGharacteristic WO
991 66381 PCTI ua&aamim -116 3 whi chl;rér’ﬁtches thate of asaladﬁsugjieggt message
are within the déhﬁiﬁwaoqu ampeavsilbin pryengtonsai d at | east one agent in said
further preyailiRg W OUPeal S dRihad acCQLdiag L O Gk AtdDA7: < SN | her
conprising the )‘st/e’éemvg"éiaﬁ%f?ﬁéisan agﬁrtti%lgﬂst ructing oafaglF eaegf'tor?e(z)f t he
agents in said network which can 3 instruct said first agent to handle a
message, to unI@éfﬁg%%ﬁﬁﬁ{ggﬁ‘;@@ﬁi@ﬁﬁ@ﬁ SiReaRtRe S ¥OR (tHe second
agent to rosd e 4tatga) stédeﬁ'&oﬁ@ﬁﬁttdﬂbﬁSﬁg@S() avimg)sal d 5 predeterm ned
characteristic. learned.remove (EXACT_MATCH +

status.message.content.tolowerCase().trim());

learned.put (EXACT_MATCH +
status.message.content.tolowerCase().trim{),

60 whichGroup.toLowerCase().trim());
}



1 44. A conputer-inplenented nethod for use with a subject nessage, 2 for
use further with a network of agents each having a view of its own domain
of 3 resp¥RM6FIBLty) conprising the steps of a subject onFFUEREEgent s:
4 receiving froman upchain agent a query inquiring whether said subject 5
nmessage is within the domain of responsibility of said subject agent; 6
determ ni ng whet her said subject nessage is within said subject agent's 7
dormai n of responsibility; a and where said subject nessage is within said
first agent's domain of 9 responsibility¥g_returning a response to said
upchai n agent claimng said subject 1 o nessage. 1 45. A nethod according
to claim44, fug‘gﬂqk CHBELSIAG (18 §heRs, Qk A5akdy,Syb) ect agent, after

sai d step of refurHlisngs anl esI@RSH; sBndlaceindedy taxEWH¥ANL 0. PFOGESS sai d
nessage; 4 pr@élazira an output of said network in response to said step of
recei vi ng g be snfrqued po prignstond' o 007 1117 46, A
conput er -i npl arﬁem@d,oweﬂm (%IQE:;.M@@;V\A th a subject nessage, for use fiuther
with a network of agents each having a view of its own donain

of responsi bi | i té)xbfi ”ngk&'r@%zteﬁev&td%’&ﬂx ()f{! rst one of said agents:

recei vi ng fo om amwilCBai dkea @ ede JUEKe/ thOGldiefit NGr¥baliheL. sai d subj ect
nessage is wthiln the domain of responsibility of said first agent;

det erm ni ng whe i | act S i it i.d first_agent's

domai n of respw gig{)]icf?wcrEE%&\%h\é‘?% 2%%%&%%%%%%%&88“%%5\?@? in said
first agent3s ddifen 10ftaesspermilbhdnitt yePlieturni ng a response to said

upchai n agent cl'ai m ng said subject nessage. 47. A nethod according to

cl ai m 46, wher eipabsad dyséepnofeddet Angi proags QONPEi 58S dh¢ step of

det erm ni né; whet/H8his disdars 1 cx)agxrtzlmga mpedag) t tixt-Badied prasssagent’' s | ocal
donai n of %sppr{_éllbl‘ﬁﬁteﬁriﬂgte R ouEl JIGHS 2CeBE ding. to claim 46, wherein said
step of determ ning conprises the step of determ ning whether said subject
nessage is W thi r‘llbt hce sd(r)lmai n of responsi t%i |Lt3§ of 2any agents downchai n of
sai d Tirstpagentsd¥ K IHAVICACtLYCOIT 4l AR iRl el gai d step of
det ermi ni ng whethek & e SiMpreedd IR SXBEs1As WM thin the domain o

responsi bility of any rgem $temvieeererfasd()stfich(first agent, conprises the
step of queryi ng} at | east one agent downchain of said first agent whether

t he queri edoagergubtD8sdGler sonSakdl ssehjge eswnsRsSAgag i ehe stRikde queri ed

agent' s domai npofcesespinesi bidrinry whbehéraumet hod according to clai m 49,
wherein said step of dEt"BFi™ihg whet her said subject message is within the
dormai n of responsibility of any agents downchain o f said first agent,
further codpri ggfuﬁéhga%m;{;rmzsaib@oxéanstagagemtme@eiteinng,trmg sesponse to
said step of @ ngs - ' y. L B f ,ess owner shi p
fromat |east one of sai g%ug?iglg' gg%%&ﬁs%%b%ﬂ%% r?e%sﬁ‘gbcflécio%%ﬁ%b' to claim
50, wherei Il said step of determ ning whether said subl:e,ct messa?e is within
the domain<§ f T B fisPHIPF Y 268 %ﬁg"%éé?ﬁ%%’%ﬁ&ﬂ% 5 8 FFi'st agent,
further conprises the sipn0delsmitdcf+ nbmaganiinikeeei ving at | east one
query response from said queried agent(s); and evaluating for contradiction
only those saj e ) .Wwhi i S d ity criteria
52. A net h(;1 amga&sﬁqﬁgé ‘i{iﬁf&%?%%éﬁﬁ%ﬁ%%&%a@'qﬁ %@U responses

has associ at ed int index;

Agent agent = null;
50 String whichAgent;

String item = msg.content ;

1f ((msg.performative.equals(THIS_IS_YOURS)) ||

(msg.performative.equals (DISSATISFIED) )}
processedIltem = processlt(item)://Normally should not

55 change item.

else if (msg.performative.equals(RESTORE))

processedlitem = unProcesslt (item);
else processedltem = item.tolowerCase().trim();

60 Interpretation interpretation = interpretIt{item,
processedltem, msg);



therewith an indication o f a priority level o f the agent which originated
sai d query response, and wherein said threshold quality criferia require a
priority \X'Q\?glﬁ&ﬁbove a predeterm ned threshold priority | e@%ﬁbg&w@?ﬁ n L'
f~~CL1~ CSC  -118 53. A nethod according to claimb52, wherein each
of said query responses further has associated therewith an indication o f
confidence with which the agent originating the query response clains said
subj ect nessage. 54. A nethod according to claim46, further conprising the
steps of said first agent, after said stigp of returning a response:
receiving a command to process said nessage; producing an output of said

network in responsg te Sabf' ShePe Ghyl &ERLNI NG s ERIMANG. sB&: AL bELfod
according to cloafml;w;g, further Coan;I Si rg)? 'E;he steps o f said first agent)
after said step of*¥ ‘ti?"h‘i“h 'Fb@@@ S€E; i Wi mmand to process
sai d nessage; and for\%@f’“&ﬁgg‘zip"?@iugg'e ura{réngﬁﬁ}%r Ygtrj Sgdent downchai n of
said first agent, a furtfeedMesapandetdepr YCRIENBaiptomesaye=n,56. A net hod
according to A& MBBLYTUr PRer e ROAP P sitig - EHe-e8tep of said first agent

taking local steps to PhOQUEEABGOU Phite @hesai:dn NEIMORK i lESPONSE L0 Said
step of ret@iving a comemdiMessAge A septidyod IR CTRMINBIQ ptoclsadmaedt, wherein
sai d network OFS%ayehPdvTey FFgaitP2 8t ths Bohyprdéfelict ure of agents. 58. A
conmput er -i npl ement ed Qeghpd for use with a subject nessage) for use further
with a network of &agents each having a view of its own domain

of responsirl i1y, eQIRLSING Lheaskens.0.dd. (st ng of.gal 4 agonts:

recei ving fronmmasyu fEN agent a“query 1nquiring et her 1d subj ect
nmessage i s W tgrit %ggggégglr@%n of responsi bi hev\hgehtMmisdgd (lastMagent),

det er m ni ng,wh I bj ect message i 1 Rl i I’ ent's

domai n of 'rggsponsi hhidet yin@r}ngQg&, sai 5141513 #é%tg&%e%za%égﬁ%g#olﬁgw thin said
first agent's | ocal wdamhamgwberesponirbtdtioy. serdisddmdefiigsst agent has no

downchai n agen r eYSFCAF MRFeRLT & id upchain agent disclaimng
ot b o melea 2 Tl thor
conpri sing theisteprefatdof uresher))agemulih {(sai d network of agents claimng
sai d subj ect message.iBOPYRATRIHGA: HASOL di ng {98! aj m 58) further
- r (index = 07 indeX"< dex++) .
conprising the steps Olagsat @ f(hgenk ) FEMAE e 18 REAS Bhdb:ST €D f s kU Ning a
response: B&cekyentg a command to accept said subject rressage;HPr oduci ng an
out put of saidageelgtv}ggrléel)ifnW%@ﬁ%h%%‘ﬁ‘i?télé'r’d‘?t‘@b“d]‘:l?’é%e?%lﬁg“ Feommand.
interpretation = null;
else tempStatus.interpretations =
35 tempStatus.interpretations + tag(agent.name, IT_IS MINE) +

interpretation.remainderRequest + NUMBER DELIMITER:;

}
} else if (tagged(tempStatus.interpretations, IT IS MINE,
40 whichAgent)) -7
interpretation = null;
else tempStatus.interpretations =
tempStatus.interpretations + tag(whichAgent, IT_IS MINE) +

45 interpretation.remainderRequest + NUMBER_DELIMITER;
if {(interpretation !'= null) {
if (!communities.containsKey(interpretation.result))
System.out.println("WARNING! [" + name + "]: Strange
Interpretation for " + msg.content + " ==> " «+
50 interpretation.result + ":"
+ learned + "\n") ;
interpretation = interpretIt(item,
interpretation.remainderRequest, msg);

55 }
1f (!problems.containsKey(msg.replyWith))
problems.put (msg.replyWith, tempsStatus) ;
if (tagged(msg.inReplyTo, EMPTY_ STRING, COMMIT)}
sendMessage {agent, THIS_IS_YOURS, msg.content,
60 msg.inReplyTo + tag(name, THIS_IS_YOURS), msg.replywith,
msg.language);
else 1f (tagged{msg.inReplyTo, EMPTY STRING, DISSATISFIED))



ccr ~cc ==--mE ~ ~ N-119 61. A nethod according to claimb58) further
conprising the steps of said first agent, after said step of returning a
response: wioseas3ging a command to accept said subject nessaBeludi9d3’®Bar ni ng
t hat messages having characteristics of said subject nessage are within the
domain of responsibility of said first agent. 62. A nethod according to
claim6l, further conprising the step of said first agent taking |ocal
steps to produce an output of said network in response to said step of-
receiving a conmand. 63. A nethod accor_ghjgg to claim58, further conprising
the step of produci ng an output of said twork in response to said step of
receiving a query. 64. A corrputert-i 4 %g met hod for use with a subject
ressage, 1 or wsg LHEEIBE TR H et KDY o1 e B Ao & vi ew of 1 s
own domai n of msgspmasadd)l:ity, conprising The steps of "a first one of said
agents: regeiving ¥£6m an upchai n agent _a query inqujring whether said subj
ect message€ i s thibohdiBOORaLE; & ?r(’%ssﬁoﬁ%wﬁf\%/ﬂtﬁ' Te"SAFYfi rst agent; and
where sai d subject nmessageati=s (Agéntwagdrits.saitdiémdnsl() agent’' s | ocal donain
of responsi bi lity but saiid (f|39ent dg@ht =Fass faprepemargents downchain of said
first agenty qUELYdRBuRLtyEasH: . RNk QbrsRI-E.AOWNChai Ny agent s wbet Reg the
downchai n agentNnggpnsi ders sai d subject nessage to be in the dowichain
agent's domai n of responsi 5?4%??3@5.3%2%;[1 i H&?@@P’éﬁ:ngsgcﬁomaitm 64,
further conprisi ngrd heusdeps of said fTist agest  rec® WAY, in response to
said step ™ quérying, only non-contraticteslyywetial Y. ehgiEsEsage owner ship
fromat |east one of! sai d queried agent(s); and in response thereto)
returning a responsg Q45 HsdReRAl I ragenere Akiidd cs@id) $Hbj ect nessage.
66. A nethod accor dlmgmgﬂacabaldma gehts t-heho@BEptitisSeDgndnlie (St eps of sai d
first agen?? a?lteér“‘jsiaﬂdglssteé roifgti?é% (AT rif can e dporidéd) recei ving a conmand
to process said subj2Ef|nERSAHE praduging . ALRULDULRE s §ai dhaetngrk in
response to said step tehpA@@eivi(Rgertt)cbritagentHRexthlamédtad; according to
cl ai m 64, égrt her conpifi §{5egPETREust €pBubl) & ifi ¥isthaadmsn: a raekeiafi ng at
| east one er §°% égb%r?gé’}?treg‘g}_\ e On e L ined s 2881 € ShameiN G (di Scarding all of
sai d query responses which fail threshold quality criteria; said step of
di scarding | ea\%ggﬁ )Ly‘:tﬁb?ﬁe%’f‘ﬁer“édﬁ‘WOF%%Fé‘FW)” dfrfiess agea 'GWRgtShi p from
at | east opg of”said queriasoRGERL hSde. cail si(AgdRSRARSS) fRRRELAL your!- |
| .t=1~ CIr ~ €hildren 45 Gemove tHiZ0frat mhmm%éaomaes onse to said upchain
agent claining_ said_subj éé’t‘;‘”ﬁgé §§‘t‘1‘l’6“8?n i ﬁﬁ')e" ?&Lﬁé’é?“di“ﬁg-%%‘té?‘ai m 64,
further conpri s?“?ng\,—tsﬁ% s?fe'bsg‘o?‘? Sard s g ‘receiving, in response to
said step a5 queryijng, at |east one response indicating that one of said
downchai n agents!has a contradiction, and in response thereto, said first
agent returning au188PARSE-dM 28@1 & YRS RRE SorRd8 My (sPEiGAati N LAY (sai d first
agent has a String temp;
40 int num;
int ind;
Agent agent;
Vector agents;
for (Enumeration cat = communities.keys():
45 cat.hasMoreElements();) {
temp = (String)cat.nextElement(};
agents = (Vector)communities.get (temp):;
num = agents.size();
for (ind = 0; i1nd < num; ind++) {
50 agent = (Agent)agents.elementAt (ind);

if (agent.name.tolLowerCase().trim().equals(targetName))
return temp;

\ }
55 return EMPTY_ STRING:
}

public synchronized String unexplain(String targetName) (
String temp;
60 for (Enumeration cat = explanations.keys():
cat.hasMoreElements():) {
temp = (String)cat.nextElement():



contradiction. 69. A nmethod according to claim®68,~further conprising the
steps of said first agent, after said step of returning a response:

recei vi nV@9¥&3¥¥and to process said message; and in respoR$dYNNED,
forwarding to at | east said one downchain agent, a further command to
process said nmessage. 70. A nmethod according to claim@69, further
conprising the step of said one downchain agent resolving its contradiction
in response to receipt of said further command to process said nessage. 71.
A nmet hod according to claim70, furthe;7§9nprising the step o f said first
agent and sai d one downchai n agent eachtaking respective |ocal steps to
produce an output of said.network in response to said step of receiving a
command 72. A(feigaechrdCeidisngstaAng| @iplaflaofdligebedengpypr i Sing the step of
said first agent taking |ocatust ¢gsrt o produce an output of said network in
response ts sai d ste@mgtrgqg i%hﬁ%e? command. 73. A nethod according to
claim 64, further conprising the steps of said first agent receiving, in

response to said step of querying, at |east two responses cl aimng

cont radi ct or yt@ﬁg%@%@%;ﬂg%@gde%jgf%%k?ﬂé?%’g‘ié‘,st’éﬁtﬁl’ (PFRNESPBIFse t her et 0)
said firsnoageﬁF)retuﬂﬁjﬂgd@”respo se to said upchain agent indicating that
said first agent has myewontgexdicti on. 74. A method according to claim 73,
further conprising thﬁgﬁébqugs AEACA TR0 SIRRIAR TR L etEF Usai d step of
returning a response:,f §Qeewioigcds GOOMMAR,dra LPF 0GRS 032l 1ABSSRYe; and
resol vi ng 1$ai dogontinadi ction in response to said Stﬁp of receiving a
comand. 75. A pethod aceEref YRGUE I R YU 1 iherer i S MMPESHET 'of 1 esol vi ng
sai d contradi Ctl On conpfd:Sesnddre=st;epgdiftsiwtant tdrikbngha (5£GaRdk-agent

downchai n of said first agent ﬁﬁAmtmg;e@Itisgiebt@letn@nt@cei ve said subject
message, A ther conprisitfg 't Rt S3™DfeWaTH SEPIsEt " ht % orwar di ng to said
second agent, (figetd@fuCiPTBGht. Qaf RCESR rBA ) MBS RADE equarsTElpTYI STR ~

~~Lr~" CC. = - 12ZNGYV6.48A nmet hod according to claim 7~, further conprising the

step of eaféq O(f((,%g!{\ t];FEss.tno J(.jne %%%QS?‘Q%QL&E(@A%(ralxgergte.% eeCtIVe | ocal .St eps
to produce an @utPUirnely Sandniet Wrk 1n response to said Step of receiving
a command. 77. A nethod according to claim74, further conprising the step
of said first ﬁqg@ffsqr;?ﬁTﬁftgpgﬁgﬁ’fléﬁgJt“(i‘eb?%(&ﬁ%@géhtﬂﬁf“ﬁut of said network
in responsgpto sard s ep of' (ESRBItY U] naeMIABRNRREL /R 1 Aid¥BE A naCRei Ng t o
claim64) furthen)conprising tthe_ steps of said first agent: receiving at

| east one 1 espanse. ) L LesPansk: 17 sl Bl ape phas gl YL Gi A0d berie none

of sai d respons)_eisn@f%u Mtsald su ject ressage, etur fi ng aresponseto said
upchai n ag@ht disclaim ng sai df siavpetcion resieagfe tasp)bei ®ig Wi thin said first
agent's donai nogIO&e%gm%@,l i t yAUeTHONAT fEEADP at F6FBlithg to cl ai m 64,
further conprising the stgps of said first agent: receiving at |east one
response in response toisaid step of querying; evaluating said responses to

determi ne §Ret her any )cFé%gg{s(%gexsgbi;eggen@§§g&grgé1d als9, satishy.

. . . . ements index
predeterm ned quality cri E{deRt ANfgent)agents.nextElement () ;
if ((!'agent.name.equals(sender.name)) &&
45 (!getCommunity(agent.name.toLowerCase().trim()).equals(EMPTY_STR
ING)) &&
(tempStatus.notMineAgentList.indexOf (tag(agent.name, COMMIT)) ==
NONE) &&
50
(tempStatus.notMineAgentList.indexOf (tag(agent.name, NOT_MINE))
== NONE) ) {
String temp =
(String)explanations.get (getCommunity (agent.name.toLowerCase ().t
55 rim())):
1f (question.indexOf (temp) < 0)
question = question + temp +
OPTION_SEPARATOR:;
)
60 )

}
if (question.length() == 0){



where none of said responses claimsaid subject nessage and al so satisfy
said predetermned quality criteria, returning a response_to said _upchain
agent di WO Wee¥g sai d subj ect nessage as being within sBFHUPIYSagent ' s
dormain of responsibility. 80. A nethod according to claim®64, further
conprising the steps of said first agent: receiving at |east one response
in response to said step of querying;, and returning a response to said
upchai n agent disclaimng said subjectrnessage as being within said first
agent's domain of responsibility; and gLer said step of returning a
response, receiving a command to accept "said subject nessage; producing an
output of said network in respons

om\%\oensczgi gle%\tegps(qt recei ving a command. 81.
A net hod according to cl@m < rl-ﬂﬂjen'eemarsksﬁemerﬁélﬁsﬁ‘et,eQ%d&IHs@i d first

e

fii
agent: receiving at | east agmet resjoenSrdenty . @spoiiseettolisai d step of
querying; and returning a'fe${pGASE PE"SARL FPCHA Rt Hi scl ai ning said
subj ect nessa!gg%ta&u@ﬁiiaﬂ(a%ﬁ@.in@m§.&iodoxjd.rf:5§e(ageﬂtm'@)MLQ(E@@TY_STR
responsi bilitwelands after said step of returning a response, receiving a
command to aceept sE8 d SUBLeekTeenR0e: 4808 . [R3PONSE Lo saLLatep of
recei vingig c¢ mﬁa ),ulc@ag&ﬂl)r)lgﬁﬁjat nmessages ving characteristics of said
subj ect messaﬁg are W thin theridgnmesmn ®f responsibility of said first
agent. 82. A rl}l‘g@g{%if?éé??)‘ilﬁﬁstgt’fté‘i’%ﬁcﬁ’i‘“@‘f}tﬁf CEREP BN PEF TGSt he tst eps of ,
in response t0 said step of recgicvhg=anQOMM&ENd,q&akdod i1ksfcragent : ~LZ n
c~ ~c~T, ~16i 0122 i(dentthbyiimgeeofSeeund=agent))downchain of said first agent
as being eli giopjfﬁmt gEgﬁg@j)ly_e saf @S5 et eReaget®™8ntl forwarding to said
second agent a further command to process said subject nmessage. 83. A
met hod accaording to claim82, further conprising the steps of, in response
to said séfond agent }ecelving. sal d {oLNRLEQMTRNLLY BIQEERS, Sai 0 Subj ect
message, said second agenf\ Fearm ng that messages having characteristics of
sai d subj ect nmessage are within the domai n of resgé)nsi bility of said second

agent. 84.,A @Pb@%i@@%‘t@ﬁ%@@@iﬁgﬁ&l5?%58%‘1,“?%1% Coifpt4%<i ng the steps of,
S

in response t0sal g,sc;@a aagent receiving said further command to process

sai d subj ect rressage,zsaiednsw@hd =age&yse: sending a command to said first
agent to unlearn that AsAGR’ hayi g=q(l;lgr% Lerd stics sai d subj ect
message arspwithin thggﬂfﬁﬁqﬁkﬁﬁﬁgmLm %’Nt;,y o¥’ Szlltgt)fl rst agent. 85. A
nmet hod according to cliaigmoasqcmism_slt her conprising the step of said second
agent taking |ocal steBS*¥ PHG8Ce an Ul AL .PlensAl Detymtk,in response
to said step of said seg a0eg nt{)ég@dt\gl,ﬂg{tm&ﬁyman . 86. A nethod
according 3® claim8l, idrtiheyencomgmeistuzgstdradet.apmef) said first agent
taking local steps.to produ n f.8aid rk L. Egspoase to said
step of recei viﬁ%?gzrﬁmc‘)lﬁ%r?ﬁ(égg%é.naﬁy'tr%g%l{]wc?g aacgc))r dﬁlﬁtéy\?'ggé%gﬁ(mﬁm,“ further
conprising the step of a further agent in said network of agents claimng
sai d subj et? n§§<§§g§§ta§§a§;a§gﬁgﬁgan Ebraf ity 6> CRaF 647 ur t her

conpri sing the St 8p OF Pl otk BEk t3Maibpenpdtasai d s8ekNRkej N T eSpoONse to
sai d subj ect nessmgeINed9) WA conputer-inplenmented nmethod for use with a

subj ect negsag fo se ft 1L e DeLwork s each having a
vi ew of itggom&(\t & Eiﬁ‘;@i?&@%ﬂ%ﬁﬁ%ﬁqf.%‘{}% co(rtf'p??%s%eﬁgg‘t %'steps of afirst

one of said agents: (priorityMatches (tempStatus, agent.name,
MAYBE MINE))) ||
. (tempStatus.notMineAgentList.indexOf (agent.name)
50 == NONE)}){
sendMessage (agent, THIS_IS_YOURS, msg.content,
msg.inReplyTo + tag(name, THIS_IS_YOURS), msg.replyWith,
msg.language);

55 ]
}

return result;

result = true;

)

60 public synchronized String tweekPriority(int priority)(
return Integer.toStrang(priority):

}



receiving a command to accept said subject nessage; and in response to said
step of receiving a conmmand, |earning that nessages having characteristics
of said sWHj%€e38kessage are within the domain of responsi RETV§INVR3IFai d
first agent. 90. A nethod according to claim@89, further conprising the
step of, in response to said step of receiving a command, said first agent
instructing a second group of at |east one agent downchain of said first
agent to handl e said subject nessage. -~ ~n-~rv) _; ~cr ~ ~w-123
91. A nethod according to claim90, whergin said step of instructing a
second group ofat |east one agent to handl e said subject nmessage conprises
the step of instructin t lea one agent in said second group to handl e
sai d subj ect sus%éériygéig&lﬁ%ftﬁgap?&%%d'itoﬁa()t(o claim90, further
conprising the step of, in response to said step of receiving a comand,
said first -agent .resol vi anp | east t roups of agents downchain of
said first SagemE“‘%igZi"fgié‘,ﬁffﬁz%%eé%\%z}oﬁé Oéjru\é\ﬁsp 5f‘gagef‘tesz¥§‘t%l<8?|“é? lagent. 93. A
met hod accordi ng td Aenms@RKknehenesls (S@PTY_stepPGof resol ving conprises the
step of eval uating hB¥WrBcEREPYy said first agent instructed an agent in

ent a

each of saiod down @h&a@ﬁ&bg§e$& bapd.8ngerRBOLL SMRESATGE. 94. A net hod

according to cl ai mt22yg whesteion SEMATHISERINA: resol ving conprises the steps

of : conparing quality*d &¢ %=O¥T£§‘?§@¥%§$‘“ reviously received fromsaid
vaf ua

groups of domchailmtabtéi-;océ’ﬁfe i ng X(I)J?vn?uea@ghtly said first agent

i nstruct edt®an agerdooiierregpidiof =sfildedownchai n groups to handle a prior

message. 95. A rretfﬁ’dg‘?ﬁégﬂ%@ﬁ“@iﬂﬁ@tﬁ%@ﬁ@n *her"¢siprii sing the step of
said first agent Iearg%m@ t gﬁi&ug@lm&&gges a{\’/i ng a characteristic of
sai d subj ect nessage:areaggtchirpetts@helorrri MO s IeRPonsielhhd))y of sai d second

group of et | eagt one. AUROTICR, A UeLhado ACGRT gt 0 el Al 92, furt her
conpri si ng thechgﬁg,pes_lg,ﬁgthl(p Jégpgﬂs_engtg;@a; ,g second aa Ht'in said second
group of agent%ﬂr‘)ecei v ngaiﬂ;ié@r?giu%és(ﬁ)n $om said first agent, said
second ag I ﬂ%st?f%ﬁ. h g:zg;%g eristics of said subject
nessage areégéthteﬁ’fa%t? &% qﬁﬁ?%gﬁ fiﬁfépo?ng S Mg (%gi?lé'a%’eclé’ﬁﬁxggent. 97. A
met hod accordi ng to cl stying6sedquestivens cofprussitagestheust eperainesai d second
agent taking |cal ste to produce an output of said network in response

to said st®p Of (teabsk38EMEMAGATENTIREE] MaBLoA t6Q TN+ FA8us A Met hod
according to Mﬂ&@pllﬁlﬂﬁﬁhbﬁ%@@ﬂ%iﬁg the step of said first agent
taking local steps to prgtieg = o peesorSai &hﬂg’f“ﬁor%l%f PE&pBnde to said

step of receiving a co 1t A9robudTel hde ARLNEH NG L] Ol 8d R 8 udher ei n
sai d commaBf i sequesefored) f rom an agent upchain of said first ‘agent, fiuther
conprising the step of, in response to said step of receiving a conmand,

sendi ng return IDidit;
}
40

public synchronized void processAnswers (Agent sender,
AgentStatus tempStatus, AgentMessage msg) {
String tempName;
String sendItTo;

45 tempStatus.message.language = msg.language;
tempStatus.message.content = msg.content;
problems.remove (msg.replyWwith);
problems.put (msg.replyWith, tempStatus);
Agent agent;

50 Enumeration agents = knownAgents.elements();
int TheyKnowCount = 0;
int TheyMayKnowCount = 0;
int index;

AgentsWhoKnow = EMPTY_STRING;
55 AgentsWhoMayKnow = EMPTY_ STRING:;
for (1ndex = 1l; agents.hasMoreElements(); index++) {
agent = (Agent)agents.nextElement();
if ((!'tagged(tempStatus.message.inReplyTo,
IS_THIS_YOURS, agent.name)) &&
60 (ttagged (tempStatus.message.1nReplyTo,
THIS_IS_YOURS, agent.name)) &&



a command to said upchain agent to unlearn that nessages having
characteristics of said subject nessage are within the domain of

responsi bW 99466381 said first agent. -~Wn ~. r~ ~ ~~c-~PCHYSIN3IITI124
100. A nethod according to claim99, wherein prior to said step of sending
a conmand to said upchain agent to unlearn, said upchain agent had an
interpretation policy that nmessages having characteristics o f said subj
ect nmessage are within the domain o f responsibility of said first agent,
further conprising the step of said upc gLn agent, in response to receipt
of said command to said upchain agent to~unl earn, unlearning that nmessages

havi ng characteristics Q asaieg tSelflnbngCt nessage are within the domain of
responsi bi | i t ¥ ofc sahd,fLESEagent: “ 10T "R “Aet nidd RSt diFigto cl ai m 99,
wherein prior to said step of sending a command to said upchain agent to
unl earn, sal dég % RN GE M ISR o ATt EHVYBTERT i ht '€ pr Bt -&gihols (BWPTYCHTR hat
messages having charact gki ptitGgqddf(ms@i . ArSpR-E€CLEMIBS SAGENAT GoMbAyl N t he
dormain of respensibility of said first agent, further conprising the step o
f said upchain _agent iﬂn%iH@GS%(GEEMHﬂ-I{OGMJs%PG%ﬁGﬁai NOEGEAE, t 0 unl earn
that messages AaVI NG CHar dct Qi st icespafacal b efLliget e MBS SAGQsANE W t hi n the
domai n of respgast hiahét)ysof said first agent. 102.° A nethod actording to
claim89, further conprisi hoFaoaed SEEpS it uprivdticr g errti6ut ptt_I&. MINBai d
network in resyonsE e dai.desubj ect message. 103. A conputer-i npl enent ed
met hod foriuse with a neflwerikt of tageatsmpsormpei siumgnétenstep, o0 f a first
one o f said dgeht.SUFEndiIRG" thésrt“lfu}g;ti grelséto at, | east one recipient agent
in said netword k8irkEelying eaBR*Of "$aj d re |ef)ni°en uagear‘?te§5"’t38eUnl earn any
interpretation polTcy that it Thagknseceinteat|s for nessages having a

pr edet er m #&d characteristic thjepesiderton 5 Aurasorsew agent . 104. A net hod
according to AL ﬁ?%Sf‘aWeqegl@gsgg ‘step of sending a nessage to at | east
one recipi ent a(gegenucwfpar.ies;eslst(lnenpﬁteeus)ﬁnes&(uéi. sena)l d saessage to all
agents whi ggar OTUHEBE%i n.9f. ganineﬂ)fu St T2AfEAL “ SRS EATYS - petiBrkdentBSt: A et hod
accor di ng clarm 1042 9WhePeMH ' sai q;gg@dgd(@{eng;geg{d}gn@tmﬁ&g@ﬁg,at | east
one recipi ent mgestMDENPIgenesndree) stsep of sendi ng said nessage to all
agents in sai d&%%m%{l\}éémm ch are)lgniq\/%t‘t‘?&egéﬁ?@fslﬁ?@ts'a‘gfé‘ﬁP?AngGIslsAr

conput er - i gpl enente tHOA 1O U5 e’ Wit brsa ystonat ke abs@geat s, conprising

t he steps of aaddntsharegeymysEnMBED) o) Network: , receiving fromanot her agent a
first interpretation problemfor eval uatibrz f%ﬁﬁggﬁ*%bj ect nessage is
within a domai RedfshRoRgRRDL idfa@dnesaba, | HE Sis_ AU

-, storing said first
probl em ac@éssibly to said first agent;; and subSequently receiving an

instruction callj on,.said first agent.tq forget. sajd first problem
~Il ~~ GV ~CC" ﬁéig%’;@&s,hggﬁﬁiﬁ%ﬁ%ﬁf%&mﬂ%ﬁcco%d!r%y PSP 106, furt her
conpri si ng t he+sémpstocds.sashgkigestfoagente-del' etnaygisapdytd st <pr obl em i n
response téosairaceﬁcép’ of recei viEn 0s 228 . A TRL hgql according to claim2106,
wher ei n each agent ieg,%ﬁtiﬁ‘s{gégﬁ\ig‘;%iﬁjngﬁggﬁﬁ ha%’a view of its own donmin
of responsibility, fuftherhgonprdcshng= he &t epseyohysawdodrtr s cagent :

mal ting a deteninati on‘é@he t’%é’icnts%f'r‘:(_?ﬁ?’tﬂ)j‘@ tyMiEERAgevt s =wi i nl sai d
first agent's domain of*iLaSHERSL Boeht sknorhshk etaHnhng sai d deternination to
sai d ot her agemrgentlsifoknawhbérrad (laccording to claim 108, wherein said st ep

. : ) e .
of maki ng a det er m nat Iqi'inggtq%rLSAegSentsWhoMayKnow.substrlng(l,

50 AgentsWhoMayKnow.length() - 1);
if (('tagged(msg.inReplyTo, EMPTY STRING, COMMIT)) &&
(tempStatus.message.performative.equals{IS_THIS_YQURS))){ //One
agent knows!
55 agent =

(Agent) knownAgents.get (tempStatus.message.sender);
problems. remove (msg.replyWith);
problems.put (msg.replyWith, tempStatus);
int tt;
60 if (TheyKnowCount == 1) {
String tempFocus = focus(tempStatus, sendItTo,
IT_IS_MINE);



the step of making a determ nation of whether said subj ect nessage is
wthin said first agent's | ocal domain of responsibility. 110. A nethod
accor di ngv® 89/64381 m 108) wherein said step of mal ang a det eMATARIPAMT7
conprises the step of nmaking a determ nati on of whether said subject
message is within the domain of responsibility of any agents downchai n of
said first agent. 111. A nethod according to claim 108, wherein said step
of making a determ nation of whether said subject nmessage is within the
dormai n of responsibility of any agents_glg\_/mchai n of said first agent,
conprises the step of querying at | east One agent downchain of said first
agent whet her the queri edsez%1 Qstsacgngieglgrsms ér%i*ybj ect nessage to be in the
queried agent ns; daRB Tl AESP §w§5tﬁ,| ty.” 12 et Aot "2E8br di ng to claim
108, wherein S@edcl?stc&p.tg)ﬁtefxr@SEistnga:a’(ribrMﬂuo:teinp)lrbcmalJ ing on said first
agent to fprget said firs robl emoccurs_after said ste f returning
sai d det er‘r?’n' Naht N b@ONS Al dStoilt?'H%rteénmg%‘fu.s 11%°"A ﬁ%‘?%@gusz’mcﬁf‘gf%‘é”t oclaim
108, further conprising tbéesdgtemasfagamitd NAYBEIMIAge sy . adritent sai d step of
returning sai §°dendriwiat L@?g‘g@ﬁé’;‘gi . t%gm@Q\dggc%SErocess sai d subj ect
nmessage. 134. A Fethd iécorpgl ng to claim1Il3, erein"said instruction
calling on said first lagesé itfo(ftorgged (rsai thRepk o, pEMHTK esmrCEEPr i Ses sai d
command to pr GE¥EST'3al d subj ect message. 115. A method according to claim
113) further qeBRSItSLNY rebbapt gPr Qfrmstid. Eddast (1RGENs &@ﬁsﬂg)};ocal steps to
produce anSout put of said net watk(tagger@gpons®epyToal BMPSY e3rRANE, I ecei ving a
command to pr GE¥¥ETdai d subj ect nessage. 116 thod according to claim
106, wherein said instructi onquﬁq'na on'said Tirst agent to forget said
first pr ol?zl em conpri ses a FO?GETMME\I{Iyper# ammt_ismim; ~Lf ~ L'"1~ ~ ACT
(OO 726 LT ol o, SECEIAGE QLRI (0 TORLE Rt e €t i no the
step ofsaid fiqus agﬁngmgg)n r%sponse to said sf’ep of “F' &8 vi ng an
instruction, sending an instru&t i(on to atrgsbeastym(me, et herguagent in said
net work i r%%r ucting each of sdi drfm?_é;r:m%g%t? Yatfngr)“lfi‘}im@e’_f seaf Tl # st
problem I713. A nethod accor dlz@gei@y,@ a1 d&kn , redgl v ;step o f
sending an instruction to at}fleeast one further agent conprises the step of
said first agent sendi ng saitF nessage all a i ch have received
said firstagr o[)lie’enf’ng?%‘)‘%' YIRS :x@ﬁéégs{z:%ﬁfggﬁﬁﬂd?accor ding to claim
117, wherein said step of sendiengMessaignstAggst)ikopwrtrgenats .lgetstenamerdiurt her
agent conpri seRESTARE o Mep- FneR d Fr¢ PETeg AT TREND MG EFld"Hdssage to al |
agents in sai d"Het®@TRNhi ch,aggedownchain of said first agent. 120. A
conput er -i Bpl ement ed nmet hod tor use with a network of agents, conprising

the steps of : PiPaGETISNG 2P IRALPE igm&gﬂg%iég EDFLEB! bbl ens t hr ough
said network for identifying aieds®as ;g@meqdaag knb eg@g:’,@egugga,dp{ﬁgl,em

shoul d travel bpiwsogbrEal dnayetovoreht, edeh (regentDISPRRISFERRI, ves one of said
probl ems p&Pf ofd rFGPEYEHE iFdcrNIeFtide storing the problem and sending an

instruction to at |eqsd;s@nes reshdik@bhcaagent= bn gai d network instructing
each o f said recipient (TheyKnowCount + TheyMayKnowCount > 1)) {
//Everyone has said this problem i1sn't their's,
45 or there's a confl%ct
A
{tempStatus.message.performative.equals (IS_THIS_ YOURS)) {
problems. remove (msg.replyWwith};
problems.put (msg.replyWith, tempStatus):;

50 )
if (tagged(msg.inReplyTo, EMPTY_ STRING,
COMMIT) ) {
if ((TheyMayKnowCount == 1) &&
{TheyKnowCount == 0}) {
55 problems.remove (msg.replyWwith);
if (tagged(msg.inReplyTo, EMPTY_STRING,
COMMIT))

msg.inReplyTo = COMMIT:

60 sendMessage( (Agent)knownAgents.get (AgentsWhoMayKnow.substring(1l,
AgentsWhoMayKnow.length{) - 1)), THIS_IS_YOURS,



agents) to forget said one problem 121. A nethod according to claim 120,
wherein said step of sending a nessage to at | east one recipient agent
conprises the step of sending said nessage to all agents which have

recei ved swiody6ii¥ probl em 122. A nethod according to BOEWSWBYE, wherein
said step of sending a nessage to at |east one recipient agent conprises
the step of sending said nessage to all agents in said network. 123. A
conput er-i npl enented net hod for use with a network of agents including at

| east one agent having a plurality of downchai n nei ghboring agents,
conprising the steps of: initiating a’7zenmmand i nto said network; each agent
recei ving said command, which agent has exactly one downchai n nei ghboring
agent, forwardj i 0 i e ngnBssdeninedyd? i nei ghbori ng
agent; and eac%a@gxé%%t q?‘%@%&%&is&fﬁig‘f& §blnsx ?%in snageat has a plurality
of downchai % nideghbe it cagent s nd et SETCAT N vEnTbetn (Of - dbiNd plurality
whi ch shoul d receive said com"r&aeﬁnaﬂéﬁimém rsﬁlfngsgéﬁpdyw@e,mmnd to each agent
in said subset, said network prégu is@%’dﬁ@ urRuL, of, said network in
response to said step of initiatTh 'pstatug'fﬁ%,ﬁaaeiz; SRl U cc 9% - 127
124. A net H&d azcersdpmgtive’ cl ai m 123 stmerm%issn gg‘i d"e"ﬁte o f detenminiing a
subset of sai dnf. Wrabiyhy; conpri ses Tpi'ue step )i Ing a proper subset
of said plurality. 125. A nmethod according to claim123 further

conpri si ng ﬂsheiﬁdgﬁiéggf(é%ﬁnﬁ)s% APAGRE  JHENT  rEEs WHRFCS 3R command t aki ng

| ocal steps to produce an output of said network in response to said
conmand. 126. Qgﬁ?@iﬁi@ﬁﬁﬁf@b&f@ﬁmggzﬁtFé‘idﬁf’lzﬁfg'mé?]girﬁ sai d steps of
initiating and forwardi ng col |l ectirewdry: i dentify a first path taken by said
conmmand thr%gh sai d network, qn&i wherein at least a first agent in said
first path takes |ocal stepsete Etoduce an out put of said network in
response to sai'tFCRAETI"e=1387: PR ?ﬂ?ﬁé@;ﬁbﬁg@iﬁ%&ﬁ%ﬁgﬁ;@ m 123, further
conpri si ng 2the (she@pmogcdunt =kimst agent which receives said conmand | earni ng

that nmessages may&pgagaaﬁgﬁa%éﬁ&m Qb RerdPlBC neIRGE AURuAEntified W th

sai d command amer WINERI msgt etdommiaiepnmponm bili til of said first agent.
128. A net hod %9%.95%9&)?0 claim127) further ™8nPt¥ity t he step of said
first agent notifyrng an upchai n nakghbor(rngxagenintisnisakd network to

unl earn any i nt‘éTﬁSF‘é‘tea’t)i on policy that nmessages having said characteristics
are Wi thin the sdgi¥eiddgOf (ndeRSQBGRDInk & ogt QhmBas hs ek Sdge a@Rdd:) , 129. A net hod
accor di ng t®° c|TELTFDY, meHApte’t NPt HRRYEY of ggcrrgr%pqi yep agent in said
networ k whi ch ree@ikufRsoca) dedp8tatRnchakrasnicig that® mes$ages having said
characteristics are within the donain®%f responsibility of the given

agent. 130. 24\ RLMAEk3ECRGEE NG odrRodnl B gat h@schdiistR@Eaqge XREL:$) Ng the Step o
f each given ad®rRE_MNEcmsy.centievosrsgalnkepoArmnd not | f;%/,}i ng ot her agents to

unl earn any i ntggpepieat QBQLS Yattiad-10psSpges “HEVT §"Characteristics of a
subj ect mssigge Identified with sateditommand are within the domai n of
rey

r esponsi bi | I F o R Yy P AT B AT T Y e oo 5 0y ) &
(TheyMayKnowCount > 1)}) {

if (!sendThemAll (sender,

50 tempsStatus) ) {
sendMessage ( (Agent) knownAgents.gat (tempStatus.message.sender),
MAYBE_MINE, msg.content, msg.inReplyTo,
msg.replyWith,
55 msg.content, tempStatus.maxP:ior?ty);//*

) else {
interpretlt (msg.content,
msg.content.tolowerCase (). .trim(), msg):

60 sendMessage((Agent)knownAgents.get (tempStatus.message.sender),
MAYBE_MINE, msg.content, msg.inReplyTo,



131. A nethod according to claim 123, further conprising the step of a
first agent which receives said command, which first agent has a plurality
of downchai n nei ghboring agents, |earning that nessages havin

char act eri"’é‘?Ps'é‘é-”sgf a subject nessage identified wth F&F¥IMATANd are

Wi thin the domain of responsibility of each of the agents in the subset of
agents determned in said step of detemrining. 132. A nethod according to
claim 123, wherein said step of each agent receiving said conmand, which
agent has a plurality of downchain nei ghboring agents, determ ning a subset
of said plurality which should receivi-said command, conprises the step of:
each given agent receiving said command, which given agent has a plurality
of downchai n ngj ABRQLL NY.R0ERES maSR0SUL Y, NG @ pri 8FI-deR-EF¥fRnat i on,
previously stored accessibly to the given agent, o f the subset of said
plurality V\€\i/Ch shoul d réceive said command fromthe given agent. -~ ~F
n Gr~~2C ~-E:v: ~ -128 133. A nethod according to claim 123) wherein
sai d step of es@gg_ﬁlﬁggm“if@ééﬁdv%?ge%‘a?ﬁaE"Gﬁ??ﬂhtll}‘emm(ﬁtagerFtl: has a plurality
of downchai n nel ghbor kng agembzecaRlaeBinlNg a subset of said plurality

whi ch shoul® receive §?i?§ﬁé‘= BITETICE TP A28 b ,fhe step of: one of such
agents eval uati ng how r eecRi Itﬁud; i'nst rucf’eg an agent in said plurality of
downchai n nei ghbori ngiQQéﬁt ?tve)l%haﬁdlf@ T prilor nessage. 134. A net hod
according e claim 123¢ MHSELkinisadsd (&t epnefi) pach agent receiving said
command, whi ch agent hagtarptadsel ity of downchai n nei ghboring agents,

det emsi ni ng a subaet-108csen: t6Bt Unalrok yswhi.chh sheuld, nerei ve said command,
conpri ses BBe stg‘g (()lemeeq)ﬁenszuc:nn enL sy conmparin aual ity levels o f
responses freAotEr @‘6&2&@&;@@&?& génpgh:gﬁr}@:‘{% rHlity of downchain
nei ghboring agents rel atisgutrotmenessage associ ated with said conmand. 135.
A net hod accor dijng t o°tiaf 23 *fherei n said step of each agent receiving
sai d comma@dd, which agent has a pl uralif‘;\%ﬁ o f downchai n nei ghboring agents,
deternini ng a sfB¥at *SPEHGDPUTETT P2 RHFEI EHEHFAI rdc e v®9sai d command,
conprises the step of rbre(skirguoRtemyegrts:l)iconparing quality |evels of
responses ggeviously recdel &t FHipdett 453 ,.5ai d plurality of downchain
nei ghbori ng agents rel atdew@ntau& nessage associated with said command; and
eval uating how recent Iy §if* Fhettlcted™aR™ &gEit in said plurality of
downchai n nei ghbori ngiagept S- harhandl e a- priof nmessage. 136. A
conput er - i APl erment ed qgﬁ‘igpitfgge;uggww th a network of agents, each agent in
sai d network heses (2. Viseveiah (xi L saonsd (30N 0, of . 1e@sRENS) bi lity, conprising
the steps of: [nitiat /*RELIBE & ecne Sa0e [ nto said network a first tine,
each agent 4mece7t§?°ﬁgr£$5|gdg§ﬂgﬁgéﬁ§§%§§%ggﬁti‘s’&ﬁ iiﬁ%ﬁ?gf)i)ﬁ‘e fronma respective
upchai n nei ghbori ng agent §$m§: Fg‘ﬁ%t ti me, eval uating whether said subject
nmessage is W thijn the agen? & Jo8i n of responsibility and returning an
i ndi cation ,f such eval yation to said upchain neighboring agent;
re-initiat i4(r}1’g $§?lbghl§u‘t¥f’§’c§f’“lﬁ§% 3y&t ﬁﬁuggg%ﬁe’dcyﬁsettr\}\ggr k?'f 5?‘9‘8" gé)cond time; and
each agent receiving srai:d(sturyig)r@etcme%ésmge the second tine resol ving any
contradictions it has fabgdftizrdrceney B30,
50 return false;
1f ({(rl == null) && (r2 == null))
return true;
if ((rl == null) && (r2 !'= null))
return false;
55 Integer templ = new
Integer(rl.substring(rl.indexOf("#") + 1, rl.length{)));
Integer temp2 = new
Integer(r2.substring(rl.indexOf("#") + 1, r2.length()));
if (templ.intvalue() == temp2.intValue())

60 return true;
else return false;



whet her said subject nmessage is within the agent's domai n of
responsibility. 137. A method according to claim 136, wherein said step of
each agent receiving said subject message the first tine eval uati ng whet her
sai d subj 3%E88age is within the agent's domain of rESHMYIBIity,
conprises the step of a first one of said agents receiving said subject
nessage the first tinme making a determ nati on of whether said subject
nmessage is within the |ocal domain of responsibility of said first agent.
~LEl ~ Gr ~~L'T '-?2CC% -129 138. A nethod according to claim 136, wherein
a first one of said agents receiving7$aid subject message the first tine
has at |east one downchai n nei ghboring agent, and wherein said step of each
agent receivi Qg;‘ﬁé&ﬁgg SPRE dﬁgﬁ@%@éc‘tsﬁﬁgaf‘?s‘rtgfust FeFRSt@yed-uat i ng whet her said

subj ect rressa eléln& Wdefi=nt ; mtme@lgnmmtafndmsmesdhmémuy, conpri ses
the step ofy s&'dl & ’@r‘ et her said

subj ect nessag&ps%tn b&rlgnJA tdﬁrmlnae f?ﬁgentglﬂ dbﬁﬂ f{ S@hy of the
downchai n nei ghbgty e S“of g B e g *uabégrnltn A net hod according
to claim 138, taMae{aehﬂn xﬂﬂiﬂfln% o (OB Dlﬁ@ Rrrakdeag, @ determ nation

of whet herlSai d subj ect rressage is within the domain of responsibility ofany
of t he downchai npubBRicOAREKdoRiG 8 B84llesn QfeckdAsdd (Asdhcst@eqyt conprises the step
of said first “eggtivo ﬁ P%iltwa%fdﬁtra@aS@lM SErwre et ati on policies | ocal
to said fiysst age,r;ﬁlfgdﬁ'ﬁ fret hod according to claim 138, wherein said
step of said firg¢ ¢ gemtemﬁkﬂ@ éﬁgé@ﬂéml nat i onof whet her sai d subj ect
message is withig ddh RIS FeSB0hsi bi l | ty ofany ofthe downchain
nei ghbor i n% agent srepiinded d AgprtsWhodgp¥now: corrprl ses the step of said first

r

agent quer$l ng: Alendneohn ﬁﬁi‘ém{?ﬁ :bile mﬂefgimér@h&n@ﬂmghb@“ ng agents of said

first agent whet heértrtrhze wofBtanr sheSaied ®@Ubdj)ect nessage to be

in the queried agefft ﬁwomtsﬁMﬁgiﬁﬁﬁrtvimﬂiﬁzﬂggﬁt‘ljod according to

cl ai m 136,25vherei n sale(duzslti‘ s(rﬁsmm sgattemggtativetetangaigei Isubj ect nessage is
within the agent's, JPHALEaET responsibility conprises the steps of said
agent classifying said subj ect message into one of a plurality of

cat egori ess4 ncl udPilg; (SeEt el AFENL, ggﬁi@ degrs 'iﬁﬁe:ﬁubl ect nmessage to be

Wi t hin the agentdisddomaervrafr_respansibid ity e agent considers the
subj ect rressaqgmatigdg\é”‘@%gh(y\ﬁ*ﬁnﬁe”c ﬁ‘é’sé"g‘éﬁtm%e"dbr?'al n of responsibility, and
(c) the agent has sere@nté ehicaiil emoa&muémpmmhhe&netcia,edsub; ect nessage is
wi thin the3agent' sSgormEe Eﬁc‘l? Pofs B Pﬁh‘i“"lﬂ?l“a’%‘ ‘rgtHed according to
claim141 ) wherein a: ek Eeato eﬂa!‘ cusd) ez&rg‘e&u;s))recel ving said subject
message the first tiied @éﬁ%“l%&@?“%neﬂmﬁmwaﬂn nei ghboring agent, and

wherein said step of" e“é@h‘agént receiving said subject nessage the first

time eval uating, wieithet*usai d subj ect message is within the agent's domain
of responsibili f further conprises the steps of said first agent:
recei vi ng at Iea@tll@tq@ m#vdr@s s&;l??lé z ed(ﬁagnﬂse#slﬁ one downchain

nei ghbori ng agté”é%w%;ir:l%;rzgq é&@u" 5&&@ ééigﬁa Is f@emgy clam any of said
query responsesl x cf exolf (tagfraefame hr eshol d qual ity
Siteria sl KA 2 e

s. notMLneAgentLlst substrlng(lndex,
50 tempstatus notMineAgentList.indexOf (NUMBER_DELIMITER, 1index));
int index2 = index + priot.length():
if ((tempStatus.notMineRgentList.indexOf (tag(requestFocus,
NUMBER DELIMITER}) == index2) &s&
(checkFocusas (tempStatus, theName, delim, priot)))
55 return true;
else |
if
{priot.equals(Integer.toString (tempStatus.maxPriority))){
if ((recency.containsKey(theName)) ||
60 (recency.containsKey{tempStatus.maxPriorityAgentName)))
if (greaterOrEqualRecency(theName,
tempStatus.maxPriorityAgentName) )



-130 143. A nethod according to claim 142, wherein each of said query
responses has associated therewith an indication of a priority level o f

t he agent whic riginated said query response, and j Ld step of

di scardi ngw&’)‘“b?ai?ses the step of discarding as a sat ?@%@F%ﬂéﬁzl aim each
of said query responses whose associated priority level is below a
predeterm ned threshold. 144. A nethod according to claim 143, wherein each
of said query responses further has associated therewith an

i ndi cati onof confi dencew t hwhi cht he agent originating said query response
clainms said subject nmessage. 145. A et hod accor di ng to claim13b, wherein
said network of agents isrec%% ag%uzeg_ad as a hyperstructure of agents. 146. A
met hod according to cl adige kdbjenfaatsdher conprising the step of said network
produci ng an out put, getuwraitusret work in response to said step of initiating.
147. Conput Bng appakfkslSaCanpri sing a network of a plurality of agents,
each of said aggnts having a view of its domain of responsibility, and each
gi ven one of sai'd agents including: an interpreter which detenzirres

whet her a Hbj ectrlyesyn sorxié ;W?igtwigmsgﬁww(wem%ggdmi(n of

responsi bi I'Tty; and TeaE-adontADS YknGAcBdland,s f;he given agent's view of
its domain of responsﬁgg)if;lging‘ﬁﬁ'ﬁqnﬁ%(?b{gﬁg'@;ﬁogg radiction resolution. 148.
Appar at us accordi ng tCseliag Aemdd, Wherein said appaf atds further conprises
addi ti onal 1§gerﬂtsimmxpﬂ%vasiaﬁnd:%eﬁ( éggzz%ﬂf@gx peenptius according to claim
148, wherein sai d netwd I{lﬁﬁiéifé‘aliﬁ? G TP dall asent sesahdeactively define a
further network 150.$8gérat us accordigégto cl.ai m 47, wherein the given

agent's domgi Ngghy 9 EPiRL AN 45050 Belehe Aet HE D MHGRHRINE, responsibility

of the given agent. 151. Apparatus accor di mgenrgsmebes, m™147, wherein the

gi ven agent ha¥"at-T&AEY: ana . neighborkngragenh sapnchai n of said given
agent, and wherein the giovesmsauenisgscegdyvatm ofmpsesponsi bility includes the

donai ns of %%s ikl L pdeunGhal . 152. Apparatus
according to cEﬁéﬁ%ﬁi%ﬁgﬁgﬁﬁi%Qi’fﬂﬁnagﬁ@fi&%%?fi%“(‘z? responsibility
further includ8&dFEEH Bomai n of, respaNsidi lbih.0f the given agent. 153.
Appar at us &XCcomrgl.Dehgtayesd ai m 151, wherein the interpreter in said given
agent includes neans for querying at |east one agent downchain of said

gi ven agent whet;hsnctgamexg:edmgges&emm%gﬁdefssnsai d/;smgége;ct message to be
in the querjedv#iéri d‘l;rat <Hf ny nsj qopeerningjequients (~ |'¢c ~ G L
T~ ~W~ ~ 24-5?31 §£§cs dﬁ%raAﬁggéé%%%ggéj'?%“8%%?%‘11%3', wherein the
interpreter i né%}c&'z\gﬁ“\iéwmagémtehhér’Tt?(&l{escaﬁE‘an”srim() ) -equals (EMPTY_ST

Vector agents =
40 (Vector)communities.get (msg.content.toLowexCase().trim{)) :
agents.addElement (sender) ;
} else {
Vector agents = new Vector() ;
communities.put (msg.content.toLowerCase().trim(),

45 agents) ;
agents.addElement (sender) ;

)
learned.put (EXACT_MATCH + msg.content.tolowerCase().trim(},
msg.content.tolowerCase{).trim());
50 if (Imsg.ontology.equals (EMPTY_STRING))
explanations.put (msg.content.tolLowerCase (). .txzim(),
msg.ontolegy)
else
explanations.put (msg.content.tolowerCase().trim(),
55 ms?.contenc.tobowerCase().trim());

public synchronized void receivedUnAdvertise(){ // Rgent
wants me to remove it from the community.
60 Agent sender = (Agent)knownRgents.get (msg.sender) ;



for resolving contradictory responses received fromthe queried agents.

155. Apparatus according to claim 154, wherein said |learning neans is
responsi ve to sa'? resol ving nmeans. 156. Apparatus according to claim 154,
wher ei n Sai%o?%sg% ving neans includes neans for discar HFT@”?{ r esponses
whi ch do not satisfy threshold quality criteria. 157. Apparatus according
to claim 156, wherein query responses each have associated therewith a
respective indication of a priority level of the agent which originated the
gquery response, and wherein said threshold quality criteria require a
priority level above a predeternined fhreshold priority level. 1S8. A

nmet hod accordi ng to, claim154) wherein said resol ving neans includes neans

for eval uating (hQuciREARY In¥g SakdndityRR-AQENY . iA51)5 uched Basch of said
downchai n agent&d¥®o thandl e angrl or nessage. |59. Apparatus daccording to

clai m 154, Wher@idioSabthul RILY YL d10sdTBMIS . BGbil8s:e (TBANS, f or conpari ng
quality levels o f resg?nsegnopfﬁlﬂ;vm@usaleydqmc;el ved from sal d downchain
Jy

agent (s); and eaRs:db0C BIEEELOEE05 T Ok evaldial i ngshgw recently said given
agent |nstru§t ed each of said downchain agents to handle a prior nmessage.
S

160. Apparatts @gaefding. tRcbhaletels bonie! 810,008, 0f «53i 4 ,a0ent s further
i ncl udes: storage nearsiaeonbr. bmage (nghendrickatC adlo0asa of () tﬁ&em(dwmchal n

nei ghboring agents of said given agent; and neans for adapting said
identificatk®dns pwlrespehseiied wesagesediecahwrdefonoiguedther agents. 161.

Appar at us aCC0rﬂLéﬁiﬁﬁLﬁ%@ﬁ%ﬂié&@%@imﬁgﬁ Shede AIRgesAedAs adapts the

gi ven agent's Vi Byenofsended =0Qaght) kOdvmr@sp0R& (Bad.kéngenl SO i N response to

f eedback regardi AFprIGRt: | nt er i QNS ggg,g said interpreter. 162.
Appar at us aggor di né?ﬁg% éﬁm&iﬁﬁ%&k&%ﬁﬁmﬁ Ekﬁn)ét comarof: said agents
further includes a spetﬁéﬁg@ﬁé%&%ﬁ?@ BNk beahich, i response to

recei pt of a predetern ned psy.béve tive eqpeﬁ’sﬁﬁ{:ﬁ_sxg_mfyﬁlgi)st;eps t owar d
produci ng a|'45ou&‘“ﬁ‘lrtpeif-Pn!s"a#‘t}-gggml?ﬁiﬁ&%%“%par atus according to claim 162,
wherein a secontosierhsds dinderaden hisembilyl M36Ta hdtCbnides 1aemspeci al i zed
processing unit which, st ééﬁmmeﬂtgméié’g'r :@f“;?ﬁ?‘tﬂgr edet er m ned
performativep performs | ocak:sf Sissedsemaesl <proquct NG wi-vatpat of said

net wor k, -~L_f%=9iWtﬂlnv-tOLwergn“@etf?gé)ilSt% tsk‘g_et | ocal steps performed by the
speci al i zed processing Babisl N TESpoNse’ to recel pt™dF said predeternined
performati vg,:bei ng di ff edenprdl ey te4mevd (praakerdvEs) ;per f ormed by said first
processing dfit in Heﬁ’iﬁﬁgﬁ@,tn@,;ﬁ@eﬂnﬁéplg{o saicgppredet er m ned perfonZative.
164. Apparat us accor difngimsp pedtamcivk7equaiagrétspIss ag9wscomput i ng appar at us
copri ses a s B 5 GRS RN BRI IE e 5. qxeoylLaggn Sai d sing e
processor. 3#85.shApparat cmngctemdi Ng to claim 147 ereln said conmputing
apparatus conprises a*pf df gfff.gsifee fb"(ﬁﬁéﬁ@iiﬁiﬁéﬁﬂé&gﬁgt’.s bei ng spread
over said plurality of preogeessoesseditef.= Apparatus according to claim 147,
wher ei n sai ¢gcofut TRt Ao0aieaTaIs! (e bitBises .a,pluppl ity of conputers

communi cating over thethmternet, said agents being spread over said

plurality of conput ; at us aeaardi tg.claim 147, wherein one
of said ages%ts i)s ’S%;L ne&ﬁfg ?éﬁ%ﬁ%bﬁnﬁgre. SR

public synchronized void receivedNotMine() { // agent says
this item does not belong to it.
Agent sender = (Agent) knownAgents.get (msg.sender) ;
55 i1f (problems.containsKey(msg.replyWith}) {
if (!tagged(tempStatus.interpretations, IT IS MINE,
sender,.name) ) - -
tempStatus.notMineAgentList =
60 tempStatus.notMineAgentList + tag(sender.name, NOT_MINE);
else {



168. A conputer-inplenmented nmethod for use with a subject nessage, for use
further with a network o f agents each having a viewo f its own domain o f
responsibilit conprising the step s o f a first one_of said agents:

recei vi ng“qutﬂ?%? 3h upchai n agent a query inquiring whePhEYSYEPY

subj ectmessage is within the domain of responsibility of said first agent;
determ ni ng whet her said subject nessage is within said first agent's
dormai n of responsibility; and where said subject nessage is within said
first agent's domain of responsibility) returning a response to said
upchai n agent claiming said subject 1¥85sage, wherein sai d subject nmessage

i ncl udes user input. 169. A nethod according to claim 168, fiuther

conpri sing t heegkeRss Of{tﬁéiﬂatmwhné’-ﬁ@ﬂhg(@EMSE mal,d step of returning a
response: recervspgy® )conmand toigrocess sai d nessage; and taking steps to

produce a L@er-e,g@m@ptlﬁbi‘gréﬁ% é}ts@mgqteagw@me; Rae® gaﬁ? to said step

of receiving a zomrap]MNE/Da accord ;ﬁg to claimi1 further

ho
conpri si ng thée@ﬁéepwdf;gg@ggttﬁ;w@ﬁimmﬁiﬁ ;“éﬁﬁngﬁ? ,returning a

response: receiving a command procCess sai d nessage; ormardlng to at

| east one ¥Qrther pg@@cagcﬁwgﬁﬁg@“d@{n(émﬁ n’gi"?rs.f'%@grpt + &, f{ uther command to
process sai d nessage bﬂﬂg etller ShBPS 't moqaamduﬁewﬁ user - perceptibl e
out put of sai d’r?Péf%orK* in response tom§d‘;\|cg\t§£tep Qf. receiving a command
=Fry n Cc r)5_ msgurepiyWithi; C ~ -'- - 1. A conput or-i npl enment ed net hod
for use with a Subject nessage, for use further with a network of agents
each having a S\éja@m&@{ayﬂchgnmm BHaD@Enbedt s @846 Nir Mgl hdwyocugpNPri si ng the steps
ofa first e 64 i hai n agent a query

i nqui ring g et her sal dﬁg 'ipcus { Eﬁagmﬁglgfgé‘x%g%ﬁ?t%ﬁhgk domai n of

responsi bi | i t ytoddFosys: éh?fe%‘?félﬂewﬁgélﬁt > ¥WEEr mi ni ng whet her sai d subj ect
nmessage is wthiyn said ’fi rst agent' s domai n of responsibility; and and

wher e sai d2§ubj message d Qootle N aﬂ,osaal gtrmrstw%gent S I ocal domai n of
responsi bi | i tyolé “gai'“cf |“r§ ﬁqé‘s 56 dOWAChAT *aEent €™ et ur ni ng a

response to said aspedal (nna‘gewts ?:h“ 3@‘ g’w‘g” af d x§Ubl ect rressage sai d
9

met hod further .g@uptd. shdibod Raesl “uébxfcfi §épg cing & hifman perceptibl e out put

of said netvvork in response to said step of receiving a query. 172. A
conput er -i npl eménted method for use with a subj ect nessage, for use further
w th a network ofblagemntarenct heidi slgartivi @wiod theNameovin domai n of

r esponsi bi PPt y,q ?@m’fﬂﬁ)‘g AP HEUSPRPE B L1 S196TRE (5ag (theNane,

If {index == NONE)
index = tempStatus.notMineAgentList.indexOf (tag(theName,

MAYBE_MINE));

40 intTind2 = 1 +
tempStatus.notMineAgentlist.indexOf (NUMBER_DELIMITER,
tempStatus.notMineAgentList.indexOf (NUMBER_DELIMITER, index) +
NUMBER DELIMITER.length(}}:
//A("WAS!I" + tempStatus.notMineAgentlList);

45 tempStatus.notMineAgentList =
tempStatus.notMineAgentList.substring(0, index) +

tempStatus.notMineAgentlist.substring(ind2,
tempStatus.notMineAgentList.length());
50 tamp3tatus.notMineAgentlist = tempStatus.notMinengentlist +
tag(theName,
NOT MINE) ;
//d{"BECAME!" + tempStatus.notMineAgentlList);

}
55
public synchrenized veid insertOutcome (String
tempPerformative, int mp, String requestFocus) {
Agent sender = (Agent)knownAgents.get(msg.sender) ;
if ((tempStatus.maxPriority < mp) ||
60 {(tempStatus.maxPriority == mp) &&
( (greaterRecency (sender.name,
tempStatus.maxPriorityAgentName))} ||



of said agents: receiving froman upchain agent a query inquiring whether
said subj ect nessage is within the domain of responsibility of said first
agent; det b whet her said subject nmessage is withj i i rst
agent's doﬁ&a%ﬂ% responsi bility; and where said subj e(?th@%gg’&;e i s not
within said first agent's |ocal domain of responsibility and said
firstagenthas no downchain agents, returning a response to said upchain
agent disclaimng said subject nmessage, wherein said subject nessage

i ncl udes user input. 173. A conputer-inplenmented nethod for use with a

subj ect nessage, for use further wit % network o f agents each having a
viewo f its own donai p(tg'upfStE[tggpngQgﬁiltLt=\_¢,mp90£pri sing the step s of a
first one of Sﬂi;?;:%ﬁﬁ@:(sdﬁ&&e(hmn%ﬁ S@ﬂﬂﬁﬂnaﬂ]@ﬁbﬁiﬁ@}\@gmﬁeﬂ guery inquiring
whet her said s e L3P A2t fAedud lof responsibility of
said first agent; wher Eggﬁggsgﬁrg%f mrrsgg%égteem@%%‘b’f“v’\‘ﬁnf?ﬁ‘ ¥%shid first
agent's | ocal m%%ggigegﬁsﬁﬁsgggﬁﬂ%“%ﬁQ'-aii‘ﬁiotitﬁstreagsemochas further
agents downchai n of —saj dn doh&ly =] e) @uerying at | east two of said
downchai n aggnts wheth ; tesgEdrupfregunstf gt eiraf rrtagemtragconsgd)der s sai d

subj ect mesSage to be It he:slpsachandkeagont, S- doMak nopf,of&SPaNSi bility;

~l LEi7 GfV fab«€C4& ~CC = -135 whether the downchai n agent considers said

subj ect nmessage to be in tHégdoVEaARE (AGADL nemadoMai Hf of responsibility,
receiving at5| é&s&Stem-wspEMeAdentNﬂe@’ggnie to sajd step of querying;

returning a respemsfedste;sdnde libitial dingid il sxsoiotl fEngesabd subj  ect

nmessage as bei ngewiettonusseduel f (kerpEtaggemekigngemuilh of responsibility; and
after said gbep of returni ngéaeﬁkgmggﬁest@ggﬁivi ng a command to accept said
subj ect nessagesempRtdtusimaxepong )it 0 sald step of receiving a command,

i dentifying a second agenl,dTRtTISINIEIGc At tT-strhagetitmeas being eligible
to recei venﬁgi Ckespaspent namegemggetriand f orwarding to said second agent a
further conffand, ,0p.RERESSSe)SRI d Subj ect message;29Ilitetedi 7rm8ai d step of
identifying a second agent conprises the step of catnsieRgzarMis®r to be asked
to sel ect anong” atTrEEst i WA AGEAEEMehal) of said first agent. 176. A
conput er -i npbenment ed net hetpstaus BeLangdabe & sdgbieebécusessage) for use further
with a network of agentst Egg;rgmg@; LSRR GPDS £sSeatnd - wi0AmI N of

responsi bi lity, ce@earptisShadtg nstieps of a firstone of said agents:
receiving frgman Mﬁg)hai n agent a query inquirirfg9\kReteierrsai d subj ect
nmessage is wthin"the domain of responsibility of said first agent; where
sai d subject nes e is not wthin id first agent's |local domain of
Fespons bi 11 Ly bhriRsi e, Meld Bl PSR, BB S cha n of “sai d
first agent ,4°qup/§g§$§g.Eagpghgﬁsfs?ﬁ@!fﬁrm@ﬁid downchai n agents whet her the
downchai n agent g n(sggilegise@_am(gﬁﬁlgl_mmdmssage to be in the downchain
agent's domai n of ¥spenkibiljty; and producing a human percepti bl e out put
of said netwusrk in"¥ gggﬁ?é@ii&%}??éﬁgloﬁ@éﬁfahﬁﬁé Fage. “177. A

conput er -i npl ement ed ne&hetrrhbidl) rsesonrtdhcrrBull) loct nessage) for use further
wth a network o ftéﬁégggﬁ each.bavisd-agvéew,0 f its own domain o f
responsi bility, coiprssksegldanhenisteps of a first one of said agents:

recei vi ng frsé’ynanupmaﬁn:gﬁrzﬁgaﬁhtleﬁy i nqui ri ng whet her sai d subj ect
message is Within tHige do:'rtali;mgnfg rigsponsdsbi ity of said first agent; and
where said subj ect ms#?bg?;ﬁtﬁétézﬁjgﬁ%?ig‘gtﬁ:fﬁﬂr)%‘t agent's local domain o

f responsibidsity buti-saiLd-f liest; agent as further agents downchain of said
first agent, querylng,at, | east B08u0l 581 dowpshial D gt s whet her the
downchai n agent gonsiders sai d"subj ect ssage to be™i%h e downchain
agent's domgign w‘ﬁﬁgpﬁ@?&pggﬁw?l%er ein said subject nessage includes
user input. ) ’



T 1--C?2~ Gf~i ~CC=f "2 CC=-136 178. A conputer-inplenented nethod
for use with a subject nessage, for use further with a network of agents
each having a view of its own domain ofresponsibility ing the steps
of a flrst“gHB /668! sai d agents: receiving a command to %Ségﬁpﬁéﬁud subj ect
nmessage; and in response to said step of receiving a conmand, | earning that
nmessages havi ng characteristics of said subject nessage are mﬁthin t he
dormain of responsibility of said first agent; resolving anong at |east two
groups of agents downchain of said first agent to identify a second group
of at |east one agent downchain of s%ﬁﬁ first agent to handl e said subject
message; and instructing said second east one agent to handl e

sai d subj ect pESSAGE TAYHETAL o8k §l§°§§ i@gﬁ’éﬁm viadideoiilses the step of

causi ng a usefe tv- be asked to sel ect anDn at | east two groups of agents
downchai n ef s&8HFLETET ’g@ﬁ?"t”ﬁg“‘gﬂ‘tﬁe"‘f”ﬁgﬂg 2E8YFdi‘ng to claim 178,

wherein said stsepim;frenmt:rqgesl ng said second oup of at |east one agent to
handl e said subj ect a&}ad‘cﬁmg@‘f:géﬁ ﬁmﬁﬁl@z LASLIMELI Ng at |east one
agent in saldmseesﬂdm rgup to handle said Lect nessa% 180. A net hod
accor di ng ¥ g;gal_,,ggdy)g, {aﬁheﬁamnsea?sa“strw%ﬁnt 250 MYRTG IS ¢ her conpri ses
the steps of conpar i ngt gpal idrygdreviehetofisgr @sprrgesniyarisi(pus|l y recei ved
from sai d groups of g;fc@;gﬁzg?ag{ggfg %gg:g%agﬁ_aég ng, QQ\/MII(}Eecent ly said
first agers IE&MEH&E ) an n eac sal ownchar n groups to handl e
a prior nessage. 181. A&?‘?@%ﬂ;‘%kﬁﬁibﬂm}?%@&t hgd,for use with a subject
nmessage, for tegréitbtdieive\s tdiveR_NISLMWOI K agents each having a view o f
its own dagpin of res o;ggmemﬂey“%m FsitaftHE/ steps o f a first one of
sai d agents: rece|V|ng &a#mnﬁmmbmﬁhacmepiuﬁatd subj ect nessage; and in
response to said step oﬂ@reééFvFﬁ@ a conmand, |earning that nessages haV|ng
charact eri st i esmetatsdiide e bitelon SIREGRGE taf (@entiet Riufk,t he dONMai N of
responsi bi?3 t yTHPEHED i f j r St ent, said nethod further conprising the step
of produci ng aeﬂuaamsneﬁczépith ofs GUK#QHitng@lfemﬁa'l ger@t WaNeK1dnBe(@SpPONse to said

subj ect nessa B21s AL for se with a subj ect
nessage, fof %s’?apsf i ﬁé‘Fi%Rnh%%g?égs s ﬁ:a@, eéﬁgg%éac Aving a view o f
its own domain o f responslfbl(tqmpy' rwnﬁr*‘P%}PnJgidPWé(Welpemgﬂ)a first one of

; . > NONE)
said agent S: NE . ~l~ c: reuuest!‘cg\m re@ﬁ'&tf’ocus substring(0, temp)

+ requestFocus.substring(temp + msg.language.length(),
35 requestFocus.length());
else if {(temp =
msg.language.index0of (requestFocus)) > NONE)
requestFocus = msg.language.substring(o,
temp) + msg.language.substring(temp + requestFocus.length(),
40 msg.language.length(});
else 1f (!requestFocus.equals(msg.language))
requestFocus = merge (msg.content,
requestFocus, msg.language);

45 insertoutcome (tempPerformative, mp, requestFocus);
processinswers ({sender, tempStatus, mag):
)} else

sendMessage ( (Agent) knownAgents.get (tempStatus.message.sender),
MAYBE_MINE, msg.content, msg.inReplyTo,

50 msg.replyWith, msg.language,
tempStatus.maxFriority,);

} else System.out.println ("WARNING [" + name + "]: A
Maybe-Mine! or It-is-Mine! reaceived from " + sender.name + " for
55 an unknown problem: " +
msg.content + ":" +
ms?.raplyWith);

60 public synchronized void receivedLearn{) { // agent says I
should learn (or unify the effect of these two requests)
int index;



-137 receiving a command to accept said subject nessage; and in response to
said step of receiving a command, |earning that nessages having
characteristics_of said subject nessage are within the domain_of
responsi bi VPeY%8 said first agent, wherein said subjéf?mﬁgggﬂge i ncl udes
user input. 183. A conputer-inplemented nethod for use with a network of
agents) conprising the steps of a first agent in said network: receiving
from anot her agent a first interpretation problemfor evaluating whether a
subj ect nessage which includes user input is within a donmain of
responsibility of said first agent; $oring said first probl em accessibly

to said first aygg%n;t e 420 =S|(1Abse* pent | tgsecei(vi ng_an instruction calling on
said first agent tox f(g&éﬁgmss?éﬁ;aaﬁsk by GG 8AT A conputer-i npl enent ed

met hod for us%mwthTgaﬁgﬁéimAFknwaﬁ tﬁ'fbsé;{i(mlmmgsatqelma)st one agent having
a pluralitysofpysenirabeg, N NeIGhBeT AY AgERT ¥ \cohpPTEs+g e steps of:
initiating a command into said network; edRragmiverecei ving sai d conmand,
whi ch agent has exagtld ;e ARuirtAT Hanal.ahbesbng.agent . forwarding said
command to_sai d exackipreonondovwacivaratisrerghbericagt agent ; each agent

recei ving $ai TR WHE . agenknhas. 2, PLbleglddbyen0f  downchain

nei ghbori ng agetdrsretdeitcermeulithy a subset of said plurality which should
recei ve said commid=aiiEFotNar AP igP AR o R gimtid “gtfhé%f‘é‘h’ agent in said

subset, sait8 net wordeupsrothuciaggnta hunanrpercepdretdse) out put of said network

in response to sai E2tRATHAITAILLALT NGwoLlBRmeAs B ﬂ%gxﬁgpor ding to claim
184, wherein said st epnpe&det-enmeni)ng-rassub@emeﬁé()sal plfurality conprises
the'step obodehgrTLARRP EATHpRE e g e prinssimy. 186 A
conput er -i npl enentted net hod for use with a ‘network of agents including at
| east one agergmﬁggf‘ﬁ“ib”“a"ﬁl“tﬁeé’f‘ﬁgt’§F1°6¥Wi€|‘?:iv'm/dﬁa‘i‘°ﬁe rFeFighpRsei ng agent s,
conprising the steps of initiating a command into said network; each agent
recei ving <&id ameand, .. Wi el agent. . NsafXas W one, dgmc@gi n nei ghbori ng
agent, forwar di Bgpus@izdede0TiRII0: deOL cached E50aElal shcenie lquisenar i nei ghbori ng
agent; each ageg’ﬂznlg@ggge\{_i _ngp‘seg}i:‘qc command, v miscr;e%qe)nt. has a plurality of
downchai n nei gh rilﬂglagemsgntdﬂﬁﬂym%mﬂjmécusifbse “of said plurality which
shoul d recei vem=saﬂ°dtﬁé‘gﬁgﬁﬂ{g§<‘&gelr:;f-mﬁg@’er}lgitrg owseg%adsef)ognan‘d. to each agent in
sai d subset) and sai GnEbyusEtoR acaipEatgt R, OUt put of sai d network in
response tq sai=dnuslae($'h7df= | Ahtsrpgstagon = intepbratitiiten, CESm, W30 C Z - 138
wher ei n sai 3 st eps b vdakdd ag.;nag.,and forwarding collectively identify first
and second pat lsctogkermiytiss) agt Corrmitativnoteghittsai d network, at |east a
first agent in said fitﬁt?ﬁ@ﬁif%%@‘&%; 184805 to produce an output of
sai d networdl i n responseft @eskr t=C (NyEmm agenandleiendregistiea) second agent in
sai d second path taking | HRE}"%8PY to produce an output of said network in

response to said conmand. ,
45 item = interpretation,remainderRequest;
}

)
}

public synchronized void receivedDissatisfied()( // agent
50 says a conflict has occured on a certain request,

String item = msg.content ;

String processedIitem = item.toLowerCase().trim():

// If I don't have any communities under me I should
disregard command

1f ((communities.size() == Q) && (interpretIt(item,
processedltem, msg) == null))

return;
dissatisfaction (msg):;
return;

€0 }



187. A nethod according to claiml| 86, wherein said first agent is not in
sai d second path and said second agent is not in said first path. 188. A

met hod acc j to claim186, wherein at |east one of i puts of said
net wor k areqriyt’ﬁ)rar%%l perceptible. 189. A conputer-inpl ene%(tslzdgggrlr@%od for use

with a network of agents including at | east one agent having a plurality of
downchai n nei ghboring agents, conprising the steps of initiating a command
into said network in response to an indication froma user that a prior
response of said network to a prior problemwas unsatisfactory; each agent
recei ving said command, which agent ﬁélg' exactly one downchai n nei ghbori ng

agent, forvar di ng, 53l 4.c0MMR0d L0 salAEXALLLY.QNE Jounchalh, nei ghbor i ng
agent; and eachay2gERhoUl@GRsAHAMY S abkflaCOpbaieh. Wi eH agert *fas a plurality
of downchai n nglogpglqu?rﬁbl%éﬁ‘t‘%’,e(“HétréPJrWh‘ihhg /arepgps aegigfersai d plurality

whi ch shoul & receive said conmand and forwardi ng said command to each agent

in said subset, s %q: sn%tr}/}ggilge&)r\,ogyggcg%ﬁggseoyets ut__ )f{ said network in

response to sai dgsiepeaiis LrIAgGLAL kdgnag .ga&ungfhg According to claim 189,

wher ei n said, st eyes: repEqduci n n_oyt put co ises the step of producing a

human per cel&i bl e oiit rﬁg:@&fi n@?“ﬁé?y FoYs - Yool {’Hé to claim 189, wherein

said step o f 6@1né$tr¥itvﬁih?g:iatss‘,a%@mm@q%?bs(@sg-trlemlysttep) ;of causing a user to
A

be asked to select sal@Sb<elbl SR AtURESala~d) telality of downchain
nei ghbori ngllagents. 192Zntefproapigr ente: riteyrent ed nethod for use with a
network of agents incl udin§ hedcbmsicione SO traylionBpRlskr al i ty of
downchai n nei ghboReIrgregenit'@rCaee ltiri_s*i(}*gm’edié =tepdd of: Initiating a command
into said nggwork: each aglit FBTERVT AL “ERI°ECOMFAHEE whi ch agent has
exactly one downchai n_nei ghirora-ngt-agienin ("¥AENWE di'ng nemd d "command to said
exactly one doWA®Hai%” @éiﬁmm@gtﬂi:&%ﬁig;smge,emyaggﬂ;g Jeceiving said
conmand, Wgé h agent hacsraEgar\:araaMrt yaepts ddmwméms'fmhmfmning agents, -
t

deternminin | éthafff“gﬁg b1 A ALK Lyt he sshoul 6 T ecei ve said command
and forwardi ng sai d commanendveseachagegentn itparsial d subset , ~l1:~T~ CN

~CCT2C~~ - 139 SEPRI“HEE WEPRIDrEGRAGET nBE ;ﬁmﬁkﬁssg&?&%’r‘l}gﬁ@gtmrk in response
a

to sai d stepoofempryi 41r&td) Ng, wherein sald step of e agent receiving said

conmand, which agent hgs. a thflpgut},y.nggsaqsgy\ngg,mglnl!g@ilmggri ng agents,
p

determ ning a subset of sal ural ity which shou recei've said comand,
includes thggste of one of such agents causing a user to be asked to
sel ect anong said plurality of downchai n nei ghboring agents. 193. A nethod

according to cl aPﬁi%;ggmtgﬁﬂggg;%ﬁﬁggﬁﬁ;ﬁeH“’a’gént recei ving said

comand, tempStatus = new
40 AgentStatus((AgentStatus)problems.get(msg.replyWith)):
processOtherMessages (mag) 7
if (msg.performative.equals (ADVERTISE)) !
receivedhdvertise(};
return ;
45 ) alse
if (msg.perfermative.equals(UN_ADVERTISE)) {
receivedUnAdvertise ()’
return ;
} else
50 if (((msg.performative.equals(THIS_IS_YOURS)) ||
(meg.performative.equals (RESTORE)) ||
(mag.performative.equals (COMMIT)) ||
(msg.performative.equals (IS_THIS_YOURS))) &&
{!tagged (msg.inReplyTo, THIS_IS_YOURS, name}) && //
55 Deadlock prevention
(!tagged (msg.inReplyTeo, RESTORE, name)) &&
('tagged (msg.inReplyTo, IS_THIS_YOURS, name))}) |
receivedInterpretationRecquest(};
return;
60 } else
if (msg.performative.equals(NOT_MINE)) (
receivedNotMine () ;



whi ch agent has a plurality of downchain nei ghboring agents, determ ning a
subset of said plurality which should receive said conmand, further

conpri ses p of one of such agents evaluating h y it

i nstruct ed&gnggsgnt in said plurality of downchain ne?&@gﬁlﬁ%’; agents to
handl e a prior nmessage. 194. A nethod according to claim 192, wherein said
step of each agent receiving said command, which agent has a plurality of
downchai n nei ghbori ng agents, determ ning a subset of said plurality which
shoul d receive said command, further conprises the step of one of such
agents: conparing quality levels o f'8r7ésponses previously received from
agents in said pl uranle'%trx.o f downchai n nei ghboring agents relative to a
nmessage associ at ed\ﬁzms( h 'saiéd comand. %95. A conput er-inpl ement ed net hod
for use with a netforikssperierantye. INEh) ddi d net work having a view
of its own gomain Of et ﬁﬁ%lﬁﬁﬁ'??&%&%%ﬁﬂé) the steps of: initiating a
subj ect nessage i to{esla-’lnd network a first tine;, each agent receiving said
subj ect nessage th f?@iﬁ@_tpuﬂaguft{@m@arsasmm)i(ve upchai n nei ghbori ng agent
the first tinme, evakwatierpawhiét her said subject nmessage is within the
agent's dofain of rEEESHsibility and returning an indication of such

eval uation to sai dfupehaerriomat oTrhUAgeRRN) ) re-initiating said subject
message into sai d nEISERIERUTOT A ‘second time; and each agent receiving said
subj ect negSage theemecond tine resolving any contradictions it has about
shet her ar 0 sun) ot SR NI S borpy n of

responsi bility, said (retdhbehs fasntahaskeg onprhesiyRgend he step of said network
produci ng gghuman- perBEnatiBEolf.pig T Tef "S&RATEFork in response to said
step of initiating. 1X6izmA nethod according to claim 195, wherein said

subj ect nessage i rﬁqug:spepf,gmi\i,engwﬂs(JEQJGETARgﬁngt(er-i nmpl erent ed net hod
for use with a net worik(Qa‘zoragmbexthmkudig%ﬁra:uyﬂieast sone a%ent havi ng a

plurality &° downchai n ! iERiRBE PRI Rt e WU PG fFcetie st eps of

initiating a subjecteties;sage 1 nto sai d network; -~ L.E~ Crr ~ CC ~ ~

C~C > -140 est abl i%ﬁ@jﬁg' %holngaq%;fz‘%g{]@%%&ggs@org g)o(ugh said network and a

second pat tsct hr oug eBIBle iGN ependence upon sai d subj ect
nmessage, and each tyrgast partially distinct fromthe other; and wherein
at least a firsty agent in said first path takes |ocal steps to produce an
out put of idlnetwork in response to said subject nessage. 198. A nethod
according to claim 197, wherein at |east a second agent in said second path
t akes | ocal st *gg*’p'r*b’ﬂugﬁg *Ydt put of said network in response to said
subj ect nessage. 199, A methdd accordi ng to claim 198, wherein said first
agent is not0 i paskagedrrnpsabnd pat h and said second agent is not in said first
path. 200. A nBYHdY BeEs18i KGR ErF M m 197) wherein said output o f said

network i s hundérstpedag Reri@dtived net hod according to claim 197, wherein

Jage pROsH| R 2t N
said steps gf esiAbid ERLhAtERT SEvianitzsedond pat hs conprise the steps of

static final String UN_ADVERTISE = "@";
static final String THIS_IS_YOURS = "=";
static final string IS_THIS_YOURS = "?";
static final String COMMIT = "!Y%;

50 statlic final String DISSATISFIED = "§";
static final String RESTORE = "<";
static final String IT_IS MINE = "+";
static final string MAYBE_MINE = "#";
static final string NOT MINE = "-";

55 static final String LEARN = "g";
static final Strang UN_LEARN = "~";
static final String FORGET_PROBLEM = ":";

static final String USER_RESPONSE = ">";
€0 static final String ASK_OPTIONS_FROM USER = "/";
static final String ASK_NUMBER_FROM USER = "$";



each agent receiving said subject nessage, which agent has exactly one
downchai n nei ghbori ng agent, forwarding said subject nessage to said
exactly on ai n nei ghboring agent; and each agent receiving said

subj ect rre?ys&e:%g?%ghi ch agent has a plurality of downchBfH$¥EPdHbori ng
agents, determning a subset ofsaid plurality which should receive said
subj ect nessage and forwardi ng said subject nessage to each agent in said
subset. 202. A nmethod according to claim 201, wherein said step of

determm ning a subset of said pluralit¥ conprises the step of determning a
proper subset of said plurality. 203~ A~ met hod according to claim 201,
wherein said ste t. recei.ying said subject nessage, whi chagent
has a plurality g@éﬁéiﬁ%ﬂéfﬁ%ﬁ%ﬁﬁﬁ%ﬁﬁfhgxagents, determ ning a subset

of sai d plurality:sikiccEHnahgblige MeRREVETSdi d subj ect message, conprises the
step of: each gisteticageni sEQa@inng vk d; subj ect message, which given agent
has a plurality ﬁiﬁ@oﬂ@&@@tﬁﬁﬁéﬁgﬁbﬁm;ﬁg agents, consulting a prior

det erm nati on, = piewicosisby se}iag GasREEooms bl -1 0t he given agent, of the
subset of sgjd pgtggﬁl an%gmgh g%%?gyﬂ:lx:é;ggj.ve sai d subject nessage fromthe
gi ven agent. 204stadic taﬁgag N30 bacCh Al m 201, wherein said step of
each agent recei3pg gggpSSUbgéﬁwwne§$d &), whi chagent has

apl ural i t yof downGBeéicnsiagi GBHGE isagy agenss, determining a subset of said

plurality wH ch XhApif &irpkeéeiipe R s0bj>ett nessage, conprises the step of
each given agent%ﬁ%egﬁﬁngggagg%ﬁg%b;| 'sgjé, ‘whi ch given agent has a
plurality of do i firpeis O IGLERR _ mt $)etevnsul ting prior responses from
such downchai n %ﬁbﬁ@ﬁbé?ﬁﬁgﬁyrﬁﬂr%m% ery inquiring whether each
such downchai n qﬁi hbori ng_agent consi ders said subject nessage to be
within the domai ;{’;&Erﬁé@’%ﬁgﬁ‘gﬁlﬁiﬂmﬁgﬂwm;such downchain agent. t. ET
%C m-~ L C‘gb ~ g; = -141 205. A frethod according to claim 204, wherein
the pnor reShonsgStdiofRbi EEl by shorki dsttorone gl 53t A agents having a
plurality of downchai n nei ghboring agents, includes non-contradictory

g
clai ms of owner SUAELE SHIEH Suhi- achTBS S208, bY Af ) east, second and third

agents dowrdhai nsteficsainal fint Shx aOemE INFEduasher essy; { e Subset determi ned by
said first agent3ifid fides SHER %@E@Eﬁémut hird agents. 206. A nethod
accordi ng to cl astarR0Enawseriay wererTseChmiroa of * owner shi p by sai d second
agent | dentidi esi:diya Est) EOLARIORNL0. Subl.ect message and said ol aim of
ownership by said third agent 1dentifies a second focus of said subject
nmessage different fromsaid first focus of said subject nmessage. 207. A

met hod according to claim 204, wherein the prior responses consulted by a
first one of said agents having a plurality o f downchai n nei ghboring
agents) includes contradictory clains o f ownership of said subject nessage
by at |east second and third agents downchain of said first agent, and
wherein said step of each agent receiving said subject nessage, which agent
has a plurality of downchai n nei ghboring agents, determ ning a subset of
said plurality which should receive said subject nessage, conprises the
step of said first agent resolving said contradictory clains of ownership.
208. A nethod according to claim207) wherein said step ofresol ving
conprises the step ofsaid first agent causing a user to be asked to sel ect
anong said contradictory clains of ownership. 209. Conputing apparatus
conprising a network of a plurality of agents) each of said agents having a
view of its domain of responsibility, said plurality of agents including a
subset of agents each of which has at |east one nei ghboring downchain
agent, each given agent in said subset of agents including: an interpreter
whi ch det envnes whet her a subject nmessage is within the given agent's
dormain of responsibility, said interpreter including nmeans for querying at

| east one agent downchain o f said given agent whether the queried agent
considers said subject nessage to be in the queried agent's domai n of
responsibility, said interpreter further including neans for resolving
contradictory responses received fromthe queried agents; and | earning
means whi ch adapts the given agent's view of its domain o f responsibility
in response to contradiction resolution, said | earning neans incl udi ng
means for causing a user to b a asked to sel ect anong at | east two agents
downchai n of said given agent. 210. Apparatus according to clai m209,
wherein said | earning nmeans further includes other contradiction resolution
means. 211. Conputing apparatus conprising a network of a plurality of
agents, each of said agents having a view of its domain of responsibility,
and each given one of said agents including: -~LE~? C~ ~CCfi ~Ce~- -142 an
interpreter which determ nes whether a subject nessage is within the given

o, o N D T T I ) I e o N 1 N M




user feedback regarding prior interpretations nmade by said interpreter.
212. Conputing apparatus, for use with natural |anguage input nessages,
conpri si ngonpekivork of agents, a subset of at |east pupy@b i ch each have
a respective set of at |east one interpretation policy, none of said sets
of interpretation policies being identical with any other in said subset o
f agents, each given one of said agents in said subset of agents asserting
a claimto a given one of said nmessages in response to detection by said
gi ven agent that a given interpretaghgp policy of the given agent applies
to said given nmessage. 213. Apparatus”according to claim 212, wherein each
of said input nessages conprises at | east one token. 214.

Appar atus according to claim 233, W.8ach of said tokens conprises
text. 215. Apparatus accordi rgpyfighk CCloibiB gaherein said given _
interpretation policy conprisesadDtjiimgCormfatioat | east one token, and wherein
sai d given3agent asserts said claimin response to detection by said given
agent that a BV PMRBY of said given nessage matches a token in said
list. 216. Appaoat YsvaemQbdntg;t0 claim 2|5, wherein said claimincludes an
identificg&%ohn#&ahdwghman;token. 217. Apparatus according to claim 212,
wher ei n sat l.ai. m Lpclid pdent. i ficat. a portion of the given
nessage to vvh?l(‘:kfzih:éac:‘.Lgdl'a!‘g'%.!!\’/‘gifxfp}l n?LenSpgetf%itsi %xr?ls%{éfg{:{y applies. 218. Apparatus
according to cl=rmc24iaal Whane Mi_0ME ¢ [fextingwe"of t he gi ven nessage i s

Cont | guolis, g SA Skueh,IB38A0G:aLY - AR AhUZBER0T I NG Lo ¢l alm 247,
wherein sai d pojubl GNTéxkrial cako¥Ed1 0P S FAGEed 5u i Sa0INw: gUOUS i n said given
nmessage. 220. AppdsaatirsmixCcerthisg to claim 212, wherein each of said given
agents asserts %P°tteqi Incfayietdrd =gfa}8% nessage al so in response to receipt of
a claimtozgal digyRemdIgssage by an agent which is downchain of said given
agent in said nkenaonksec@it = Mppafasessndiccording to claim 212, wherein each
of said given aﬁ@@t?%g%; AS g CSReG .1 ve downchain agent, forwards said
gi ven nessage t@craﬁg Egﬁazmgﬁe, &ﬁyt_'mmﬁ'pective downchai n agents, at | east
if said gi®%en agent has no interpretation policy local to the given agent
that applies to,sai iven nmessage. - Fi.~T ~ L~r .~cc= -143 222.

Apar at us accor Wil EReEEaCtRe ) B hF LB e ot SA % o

agent swhi chhasar espeadt i (usstegenchaull) dgent, forwards said given nessage to
at least oAR o f its, rd8paRes vaoH FRRCREHAIRGEREAMEN r esponse to detection
by said given agent t,}:g@;(rn NRsdaideSr pretation policy local to the given agent
applies to saidigiven nmessage. 223. Apparatus according to claim?212,
further cogprisi an_out put of saj d .network ich signals action to be
taken 1 n 1 32pontitd et Ble Rl UMbl AL 25 “Appar at us
according to claim2i2, further conpr|5|ng an out put of said network which
si gnal s acti on! '(i')q“ ot el 1R REEY { JATRE) Betdwse Peciesmagent s i n sai d
subset of ggent's.’ 225. Apparatus according to claim224, wherein said
action signal ethetitcs xhahmngshtd pbt (0 (Rgpith e | g2t SHugerd ) E@etNamg @Sponse to a
particul ar one®-gftSpereefdent s whi chassert a claimin response to said given
message. 226. ARDALA! USsBGLOHY fidadeReb ALl Rask (1MGLL) N sai d net work

sel ects said par |cul}a;§:agﬁ$;m: pﬁgdmeﬁarwgganaalgitsdumm) ,aisserted by
agents in said_subset} eise ut pryn Bge g st inage t+o" cl ai m 212,
wher ei n at Iea‘y‘t‘}j ereﬂf“g’gigd” é?%ﬁ?@‘*ﬁ?t giraﬁﬁih'ﬁ?é“{mg‘?f)c?égents can | earn

additional interpretation policies.
50 public TextInputAgent () { name = MY NAME;}

public TextInputAgent (String Name) ({super (Name) ;)

public synchronized void initializations()



228. User-responsive apparatus conprising: a user input nodul e having an

i nput systemfor receiving natural |anguage user input and further having
an out put port for outputting user nmessages in response to user input

recei ved bYyod¥§6fluser input nodul e; a network of conpPCAUPYART” agent s
including a plurality of agents each responsible for recognizing respective
characteristics in said user nessages, at least two of said agents being
responsi bl e for recogni zi ng respective distinct characteristics in said
user messages, said network having a network output port and providing

net wor k out put signals on said networ%-output port in response to at |east
sone user nessages; and a device whi chperforns predefined functions in
response to pregffi n orfey Agpntigpdan@EGISFIR owmput meilgnakld, 229. Apparatus
according to Cl'al i 235, 0008t & D 3@ixdedt® e LARME LJIpdul € outputs said user
nmessages in_textual fefuthgeddQnsAREAkedidteraeCor di NFedi@edd ajeft 228, wherein
sai d plural Pt yish Iopssdemns i ncl ude at | east 13 agents. 231. Apparatus

I
according to clai m 230hcsueiat abediletf sated , 13 agents is responsible for
recogni zi ng di stinct rrespoaisges: channol sddisdek08 j N sai d i nput nmessages.
~i ~En Crg ~ c—.| %“%9?%4?4152@2?-’)5\??&?’8(?119' according to claim 228,
wherei n saitd networ k *5P%%alfdkt®dI14540dds a subset of at |east two agents of
whi ch each have a respective set of at |east one interpretation policy,
none of sai d sePytldf syprheedred delidoproprrepdie B stasen@otndiensraral Wit h any ot her
in said suhget™3t fagept fsg SBER MY e QUENELAND R3hd SUDset of agents
asserting a claimto a gﬂ'eﬂﬁmem&eefaxsmmﬁdmsséges in response to
detection by said gi ven raearmap et EMRTHISTRINGI nt er pretation policy of the
gi ven agent applies to sfé‘%ﬁtbj&gﬁﬁ!@i@ge.rressage. 233. Apparatus according to
cl ai m 232, 26herein at | eaglesemme+0f sai d clains includes an identification
of a token to ich daid given interpretation policy applies in said given
user nessage. 234. Apparatus according to claim 233, wherein claimfurther
i ncl udes an i depibficahéraniaéd asidackdiveamab ({oken//t ggewhisefs sai d gi ven
i nterpret aﬁ%nﬂ};‘?litﬂ may FEiceg tonitser AINYE \AeVS (13%sr itepsipgydel®85. Appar at us
according to cf iﬁgoaﬁ%nvm%_g;;n each of said given agents asserts a claim
to said given userndipissged al &0sd;n response to receipt of a claimto said
gi ven user ssgge“%y“aﬁ?mgent whi ch is downchain of said given agent in
said network. 236. Apparatus according to claim 232, wherein each of said
gi ven agents whivebhd hatrielbE%peidaded @pmattas)n {agent, forwards said given
user nessage to at Eggsymoqga§%5%;§§é?fp;ﬁ%é%gagzﬁgigﬁgQﬁagents, at | east
if said giw n Ny (i ; - g t%§ the gi ven agent
that appli e%nt g,?&a%‘& %§3e§ Gser rﬂgssagel.q /2/37.3 Appar tugcnﬁccor ding to claim
228, fiirther conpri sigepthtadAs.gptFext deodguentasp Ot womk) flodexpBEadni ng to
recogni ze addi tF'dnaf®atlact eristics in said user nmessages. 238. Appar at us
accordi ng t4p Cl(adxbrid2dL . gdrewcd] Roscwksbatl | @m0 OlHALLSZC &oe RANTES Nt €5 t ai Nnent
system .A3. A FONEAyLIAY _AaY . A . AN A Aa3y. Au. Ay. AA. A3e. AN . A

r.AL. Ar. A?. A(r. N9, Y, - ,,.u@N&ﬁAA;(.A.AL.A;
( %Mééiﬁﬁﬁ ¥cis Wez1hY Y14desdtIrmeNugh

| . A Al . Au9. AY9N ssatisfaction
45 ComitIt = true;
else if (e.getXeyCode() == e.VK_ESCAPE) //User
expressing digsatisfaction
| RotSatimfied a true;

public synchronized void pelling() {
if ((l!textFieldl.getText() .equals (prevCommand)) &&
(ltextFieldl.getText () .trim() .aquals (EMPTY_STRING)) &&
55 ((PollCount++ % PauseCount) == 0) ) {//send
it

50



.AsL. A% AL. A . AL. A;r. Au. As, . Ar. As. AsA. AF. A% Aur . A" U

?. As% A. Aal . AN% A% A. Au& A. AN9. Aa&. A. As% AN. Aa& A. Al ; . A3u. AE . AFa. A. AY

.A. A . AYu. AN . AFu. AN. Ae. AFu . AFu . A3%.Ala .A3u3?/.A.AE .AYyu .Ala .AF

A 3 . AF3 Waw/663sA | ANF. A2 . A33% A. AL A{l .A ulE . AFE . RBTES¥IB77 . Ah2

.A3% Ay. AL. A{. A. A. A5. AR As?. A& A9Ay. A& .AL2 .A h. A& . A{.A9. ASAR A" F. ALY. A

A& ACA L AR?. A A& Ae MU, +IVS Y w

zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c: a] ca] ca] c”a] ca] ca] ca] c”a

] ca] ca] ca] ca] ca] ca] ca] ca] ca] c: a] ca] cal

O] oa@4y[ dkkGd"zupkf a\ W ca] ca] ca] cegllea] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca]

ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cMa] ca] ca! "%b%

1" $9°% %P Ys 9008 && ' ' <fi** +e, 'a’]ﬁe ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c

a] ca] ca] ca] ca]%@téaﬁléa]ge%i‘]’c%l‘]’ c ]"C‘a] dapeasf capdedUPcal cajca!l , , , , - - -
.i// 0]0000>11 sendMessa.ge(

233444444I 5526(6&?1116‘13 c“?@f capeake apga |, cekeaEcal] cal ca] ca] cal ca]

ca] ca] ca] ca] ¢ rw] calt'at cC&rearea) tal cal 778f 8x889>9999

00 else if

D ; - D<S<<<<; ttwane}}l»(sdeer] |tloatcat Oalcal cahaadt@bmatoa} cal cal cal cal cal

ca] ca] caj ca]’ca?{f%i] J:b] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal >>?7??7?. @ @GOATAAAB

+B0BEBTBBB< CCOEektr Gallde Wekt h X sdibehrEldel] Caln0 ] 084:08] €2d GadeCa] ca] ca] ca] ca] ca

] ca] ca] ca] ca] cta]nc'a] c@Pwra] da] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! | Il JIIKLMVP

QRRTUXYH I [
“accceQhi i 15[ JFiWcag]eca 58] &3 ‘é%’f%’a"]"ca &) CAPUET £57%al 8] na] cal] ca] ca] ¢
m pea] ca cal ca!, kal m rI | I n{ mmm owopqgBqqq3r

a] ca] ca] ca] ca] cal] ca] ca] ca
drrrBssZttttuu §FE%: calcalca]ca]c
a] ca] ca] cakea] fis a%ﬁa&)cta n"] éa a‘] ca%ggg ca] cl%&??q“a “cal 7 %’Z]eh ]+0’>}<&{ ]&B ]zu
pkf [ V] ca] ca] c”*a] ca] ca] @a ca] cal ca] ca] ca] ca] ca] ca] cha ]ca] caj ca] ca] cal ca
]ca]ca]ca]calc ﬁ%lf](‘,’a]géa 96‘21 I EQLo¥ATFRper) - trim () . indexof (Yayne") >
R&(y_oZ| wr mhc c] ca] ca] ca] cabsareRk Gahe@l cal ca] ca) ca] cal ca] ca] ca) ca] cal ca
] ca] caU] ca]2éa] Tc&;]:cg]ca]‘cg gg%vg ‘;c Rleseducal"Zx<ny
+qf 2zupkf a\ C_reare C calgal cal cal ca] ca] cal ca] ca
cg] ca] (I?a] caV\/]q]ca] ca] ca] ca] ca] caaﬁj‘:—aﬂmgﬂ gﬂ%&i}é lasL Joal cal cal cal cal ca] cal
| wmhc”Y] ] ].ca] ca] ca] ca] ca] ca] craz]uca‘]wca]euat]uca]"ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]
ca] ca] ca] cal’cafe®aje geeyee are e Lal | 235241 fiYi Y xsnid_Z]]]1] ca] ca] ca] ca] ca] c
a] ca] ca] ca] ca] ealk cRlerRLER] qa]ﬁaitq €4d] ca‘]“ca?lca] ‘cal] ca]ca] ca] ca]ca]ca]ca]ca]c
ajJ ca] ca!j nx) Test .TVVCR.execute ("B",
PR <E\ Mr] / }.H mﬁﬁ?ﬁc:b‘ﬁ’]t]‘w]ﬂi’a]c;a] &q&]ca c_'a a] ca] ca] ca] ca] ca] caU] ca] ca] ca]
caJ ca] ca] ca ] CabGad] Gadeahsmad:Cal-vae a) ca] ca cal HT@
x!'tYnijy5}xsnid Z]]]]ca]ca] ca]tea]ma]dca]oc'aa]ma}de'a]_smm] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]PE QfE’éJSBF‘W x\ @B} Z) m | wnhc”~Y]]] cal ca
] ca] ca] ca] e@] ca] ca] ca] ca] ca] ca% ’Ecﬁ]g@] caj] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] ca] ca] caU] ca] ca! g} ] )l RequestID++,
} ;:::cgmmand = textFleldl.getText();
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50 } else
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sendMessage (
55 (Agent)knownAgents.get (InputAgent.instance.name), THIS_IS_YOURS,
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import borland.jbcl.layout.*;
public class TVActuator extends AROSARgent |

static TVActuator instance = null;

15 static final String MY NAME = "TVActuator';
Panel TV = new Panel():;

JCSlider Volume = new JCSlidex();
JCSlider Lights = new JCSlider();
JCSlider Brightness = new JCSlider();

20 JCSlider Contrast = new JCSlider();
JCSlider Coloxr = new JCSlider();
JCCheckbox SoundOff = new JCCheckbox() ;
JCCheckbex LightsOn = new JCCheckhox() ;
JCCheckbox PowerOn = new JCCheckbox() ;

25 LY¥Layout x¥YLayoutl = new X¥Layout ();
label tvchannellabel = new Label () ;
lLabel verPFunctionlabel = new Label{);
Label verPausalabal = new Label();
lLabel vcrChannellLabel = new Label () ;

30 Label dvdrfunctionlLabel = new Label();
Label dvdrauseLabeal = new Label();

Label windowChannellLabel = new Label{();
jeclaas .bwt.JCSeparator jCSeparatorl = new
jclass.bwt.JCSeparator() ;

35 jclaas .bwt.JCSeparator jCSeparator2 = new

jeclasae.bwt.JCSeparator () ;

joclass.bwt.JCSeparator jCSeparator3 = new
jclags.bwt,JCSeparator() ;
jclass.bwt.JCSeparator jCSeparators = new

40 Jclass.bwt.JCSeparator();
jclaes.bwt.JCSeparator jCSeparatorS = new
jelass.bwt.JCSeparator () ;

//in Singleton design pattern, used to get single instance
45 static public TVActuator Instance () (
if (instance == null) {
instance = new TVActuator (MY_NAME) ;

raturn instance;
50 }

public static synchronized void register (AgentEvent e)
if (instance == null) instance = new TVActuator();
if
55 (!instance.knownAgents.containsKey(({Agent)e,getSource()).getNam
e())) {
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instances.knownAgents.put ( ( (Agent)e.getSocurce ()) .getName (),
s.getSource(}));

5 ((Agent)e.getSource()).addAgentEventListenexr (instance) ;
instance.addAgentEventlListener { (Agent)e.getSource()) ;
} else System.out.println("Agent " + instance.name + "
did not ragister " + ((Agent)e.get3curce()).getName());

10
public TVActuator() { name = MY_NAME;
try {
JbInit () ;

15 catch (Exception 8)
a.printStackTrace () ;

public TVActuator (String Name) { super(Name);

ery
20 jbInit();

catch (Exception e) {
e.printStackTrace() ;

25
public synchronized void initializations() {
AgentMessage msg = new AgentMessage (REGISTER, name ,
null , null, null , null) ;
AgentEvent e = new AgentEvent(this, msg) ;

30 VidecAgent.instance.register(e) ;
DVDAgent . instance.regiater(e) ;
WindowAgent.instancs.registex(e) ;
PowerAgent.instance.register{e) ;
SoundAgent.instance.register(e) ;

35 LightsAgent.instance.register(s) ;
BrightnessAgent.instance.register(e)
ContrastAgent.instance.register(e) ;
ColorAgent .instance.zegister(e) ;
ChannelAgent.instance.regiater(e) ;

40 TextInputAgent.instance.register(e) ;

} super.initializatcions () ;

.
’

public synchrenized void startupPefaults{) {
45 } displayEverything();

public synchronized void displayEverything() {
if (Tast.soundStatus == true)
50 SoundOff.setState(0) ;
alge
SoundOff.setState(l);
if (Test.powerStatus == true)
PowerCn.setState (1) ;
55 elge
PowerOn.setState (0) ;
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Volume.setValue (Test.volumeLevel.intValue ()} ;
if (Test.lightsStatus == true)
LightsOn.setStata (1) ;
else
5 LightsOn.setStats (0) ;
Lights.setValue (Test.lightslevel.intValue());

Color.setValue (Test.colorlLevel.intValue{)) ;
Contrast.setValue (Test .contrastLavel. intValue()) ;

10 Brightness.setValue(Test.brightnesslevel.intValue());
tvchannellabel ,satText ("Channel " +
Test.channelNumber.tcString()) ;
verFunctionlabel, setText ("VCR: STOP ") ;
if (Test.recordStatus == true)
15 verFunctionlabel . setText ("VCR: RECORD ") ;
if (Test.playStatus == true)
verFunctionlabel . setText ("VCR: BLAY wy;
if (Test.rewindstatus == true)
verFunctionLabel .setText ("VCR: REWIND ") ;
20 if (Test.forwardStatus == true)
vcrFunctionlabel . satText ("VCR: FORWARD") ;
if (Test.pauseStatus == true)
vcrPauselabel . setText ("PAUSE") ;
else
25 vcrPausalabel . setText (" *);
verChannellabel , set:Text ("Channel " +
Tast.videoChannelNumbexr.toString()) ;
if (Test.windowStatus == true)
windowChannellabel .setTaxt ("PIP: ON "/* 4+
30 Test.windowChannelNumber.toString(}*/);
else
windowChannelLabsl.setText ("PIP: OFF ");
dvdFuncticnlabel .getText ("DVD: STOP "y,
if (Test.dvdplayStatus == true)
35 dvdFunctionlabel, setText ("DVD: PLAY ") ;
if (Test.dvdrewindStatus == txue)
dvdFunctionlabel.setText ("DVD: REWIND ") ;
if (Test.dvdforwardStatus == true)
dvdFunctionlLabel . setText ("DVD: FORWARDY) ;

40 if (Test.dvdpauseStatus == true)
dvdPauselLabel ,setTaxt ("PAUSE") ;
elge
| dvdrPauselabel .setTaxt (" LB
45
pub%ic synchronized void processOtherMessages (AgentMegsage
mag)

if (meg.performative.equals (EXECUTE)) (
if (msg.content.indexOf (PowerAgent.instance.name) ==
50 o) {//pOWER

if (mag.content.indexOf (ON) a=
PowerAgent .instance .name.length{)) {//ON
System.out.println("=ms=>Executing: POWER ON\n');
Tast . TVVCR.axecute ("PR", -1);
55 } else
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Teﬂt TVVCR. execute(“PWO“ -1} ;

} elase 4 ("WARNING! Wrong message content: " +
msg.content) ;

} else

10 if (msg.content.indexOf (SoundAgent.instance.name) ==

0) (//souND
if (msg.content.indexOf (ON) ==
SoundAgent . instance.name . length()) {//ON

System.out.println("==s>Executing: SOUND ON\n");

15 Teat.TVVCR.exacute ("V0", -1);
} else
if (msg.content.indexQf (OFF) ==
SoundAgent .instance.name.length()) {//OFF
System.out.println("a==>Executing: SOUND

20 OFF\n");
Tast .TVVCR.execute ("VO", -1);
} else
if (msg.content.indexOf (MORE) wa=
SoundAgent . instance.name.length()) {//MORE
25 System.out.println ("==a>Executing: SOUND

MORE\R") ;
Test .TVVCR.executa ("V", 1);
} else
if (msg.content.indexof (LESS) ==
30 SoundAgent.instance.name.length()){//LBSS

System.out.println("===>Executing: SOUND
LESS\n");
Test.TVVCR.execute ("V", -1);
} else
35 if (msg.contant.indexOf (JUMP) ==

SoundAgent.instance.name.length()) {//JuMP

Integer jumpValue = new
Integer (msg.content.substring (msg.content . index0f (JUMP) +
JUMP.length (), meg.content.length()));

40 System.out.println ('===>Executing: SOUND JUMP TC

" + jumpValue.toString() + "\n");
Test .TVVCR.execute ("V",
Test .volumalavel.intValue() -
Test.previousVolumeLevel.intvValue());
45 } else A("WARNING! Wrong message content: " +
msg.content) ;
} else

if (msg.content.indexOf (LightsAgent.instance.name)

50 == 0) {//LIGHTS
if (msg.content.indexOf (ON) ==
LightsAgent.instance.name.length()) {//ON

System.out.println("ass>Executing: LIGHTS
ON\n") ;

55 } elge
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LightsAgent.instance.name.length()) {//OFF
System.out.println{"===>Executing: LIGHTS
OFF\n") ;
} else
if (msg.ccntent.indexOf (MORE) ==
LightsAgent.instance .name.length()) {//MORE
System.out.println("ses>Executing: LIGHTS
MORE\n") ;
) elsme
if (msg.content.indexOf (LESS) ==
LightsAgent.ingtance .name.length()) {//LESS
System.out.println("===>Executing: LIGHTS
LESS\n") ;
} else
if (msg.content.indexOf (JUMP) ==
LightsAgent.instance.name.length()) {//Jump
Integer jumpValue = new
Integer (msg.content.substring (msg.content . indax0f (JUMP) +
JUMP. length (), mesg.content.length()));
System.out.println("=asa>Executing: LIGHTS JUMP
TO " + jumpValue.toString(} + "\n");
} else 4("WARNING! Wrong message content: " +
ms8g.content) ;
} else

if (msg.content.indexOf (CoclorAgent.instance.name) ==
0) {//coLoR
if (msg.content.indexQf (MORE) as=
ColorAgent . instance.name.length()) {//MORE
System.out.println("===>Executing: COLOR
MORE\n") ;
Test .TVVCR.exacute ("CL", 1);
} else
if (msg.content.indexOf (LESS) ==
ColoxAgent. instance.name, length()) {//LESS
System.out.println{"==we>Executing: COLOR
LESS\n") ;
Test.TVVCR.execute ("CL", -1);
} else
if (msg.content.indexOf (JUMP) ==
ColoxAgent.instance.name.length()) {//JUMP
Integer jumpValue = new
Integer (msg.content ., aubstring (msg,content . indexOf (JUMP) +
JUMP.length(), meg.content.length()));
System.out.println ("sa=>Executing: COLOR JUMF TO
" + jumpValue.toStriang() + "\n");
Test.TVVCR.executs ("CL",
Test.colorLavel.intValue () -Teast.previcusColorlevel.intValue()) ;
} else A("WARNING! Wrong messags content: " +
mag.content) ;
} else

if (msg.content.indexOf (ContrastAgent.instance.name)
== 0) {//CONTRAST

10%& () -
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System.out.println("==z=>Executing: CONTRAST
10 L1Ess\a");
Test .TVVCR.execute ("CT", -1);
) else
if (msg.content.index0f (JUMP) ==
ContrastAgent.ingtance.name.length()) {(//JUMP
15 Integer jumpValue = new
Integer (mag.content.substring (meg.content.index0f (JUMP) +
JUMP.length() , mag.content.length(}));
System.out.println("===>Exacuting: CONTRAST JUMP
TO " + jumpValue.toString() + "\n");
20 Test.TVVCR.execute ("CT",
Test .volumelLevel.intValue() -
Test.previcusVolumeLevel . intValua{());
} else A("WARNING! Wrong message content: " +
mgg.content) ;

25 } else
if
(msg.content .indexOf (RrightnessAgent.instance.name) za 0)
{//BRIGHTNESS
30 if (msg.content.indexOf (MORE) ==

BrightnessAgent.instance.name.length()) {//MORE
System.out.println ("=s=>Executing: BRIGHTNESS
MORE\n") ;
Test .TVVCR.exacute ("B", 1);
35 } else
if (msg.content.indexOf (LESS) a=
BrightnessAgent.instance.name.length()) {//LESS
System.out.println("=sm>Executing: BRIGHTNESS
LESS\n") ;
40 Taest.TVVCR.exacute ("B", -1);
} else
if (msg.content.indexOf (JUMP) ==
BrightnessAgent.instance.name,length()) {//JUMP
Integer jumpValue = naw
45 Integer (msg.content.substring(meg.content.indexOf (JUMP) +
JUMP.length (), msg.content.length()));
System.out.println("===>Executing: BRIGHTNESS
JUMP TO " + jumpValue.toString() + "\n");
Teat . TVVCR.execute ("B",
50 Test.brightnesslLevel.intValue() -
Test.previousBrightnesslevel.intValue());
} else A("WARNING! Wrong message content: " +
mseg.content) ;

} else
55
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(meg.contant . index0Of (TelevisionAgent.instance.name) == 0)
{//TELEVISION
if (msg.content.indexOf (MORE) ==
5 TslevisionAgent.instance.name.length(}){//MORE

System.out.println("x=a>Bxecuting: TELEVISION
CHANNEL NEXT\n");

Tegt .TVVCR.execute ("C",
Tast .channelNumber . intValue()) ;
10 } elge
i (msg.content.indexCf (LESS) ==
TelevisionAgent.instance .name, length{)) {//LESS
System.out.println("===>Executing: TELEVISION
CHANNEL PREVIQUS\n");
15 Test.TVVCR.execute ("C",
Tast ,channselNumber.intValue()) ;
} elae
if (msg.content,index0f (JUMP) ==
TelevisionAgent.instance .name.length()) {//J0oMP
20 Integer jumpValue = new
Integer (meg.content.substring (meg.content . index0f (JUMP) +
JUMP.length(), msg.content.length()));
System.out.println("===>Executing: TELEVISION
CHANNEL JUMP TO " + jumpValue.toStzring() + "\n");
25 Test .TVVCR.execute (*C",
Test.channelNumber.intValue());
} else d('WARNING! Wrong message content: " +
msg.content) ;

} else
30

if (msg.content.indexOf (VideoAgent.instance.name) ==
0) {//VIDEO
if (msg.content.indexOf (RECORD) ==
VideoAgent.instance.name.length()) {//RECORD
35 System.out .println("=es>Executing: VIDEO
RECORD\n") ;
Test .TVVCR.exacute ("R", -1};
} else
if (msg.content.indexOf (PLAY) ==
40 videoAgent.instance.name.length()){//PLAY
System.out.println("===>Executing: VIDEO

PLAY\n") ;
Tagt.TVVCR.execute {"PL", -1);
} else
45 if (msg.content.indexOf (PAUSE) ms=

videoAgent .instance.name.length() ) {//PAUSE
System.out.println ("===>Executing: VIDEO
PAUSE\n") ;
Test .TVVCR.execute ("P", -1);
50 } elese
if (mag.content.indexOf (UNPAUSE) ==
VidsaAgent.instance.name.length()) {//UNPAUSE
System.out.println("===>Exscuting: VIDEO
UNPAUSE\n") ;
55 vcrPauselabel .getText (" ny
Tegt .TVVCR.execute ("S", -1);
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9 110% ()--\ N@eo&ggﬁg% stanco.g;.m:.lengéh()){//STOP ) ==

System.out.println{"===>Executing: VIDEOQ

&

) STOP\n") ;
verFunctionlabel .setTaxt ("VCR: STOP ") ;
Test .TVVCR.execute ("S", -1);
Test .TVVCR.execute ("C",
Test.channelRumber.intValue()) ;
10 } else
if (msg.content.indexOf (REWIND) ==
VidecAgent.instance.name.length()) {//REWIND
System.out .println("=s=>Executing: VIDEO
REWIND\n");
15 Test .TVVCR.execute ("RW", -1);
} elase
if (msg.content.indexOf (FORWARD) mm
VideoAgent.instance.name.length{)) {//FORWARD
System.out.println("a=as>Executing: VIDEOQ
20 FORWARD\n") ;
Tast.TVVCR.exacute ("F", -1);
} elsme
if (msg.content.indexOf (MORE) ==
VideoAgent. instance.name.length{) ) {//MORE
25 System.out.println("=a=>Executing: VIDEQ CHANNEL
NEXT\n") ;
Tast . TVVCR.exescute ("CV",
Test .videcChannelNumber.intValue ()) ;
} else
30 if (msg.content.indexOf (LESS) ==
VideoAgent.instance.name.length()) {//LESS
System,out.println ("==a>Executing: VIDEQ CHANNEL
PREVIOUS\n") ;
Tast .TVVCR.exacute {("CV",
35 Test.videoChannslNumber.intValua{});
} else
if (ms8g.content.indexOf (JUMP) ==
VideoAgent. instance.name.length()) {//JUMP
Integer jumpValue = new
40 Integer(msg.content.substring(msg.content.indexOf (JUMP) +
JUMP.length(), msg.content.length()));
System.out .println("s=a>Executing: VIDEO CHANNEL
JUMP TO " + jumpValue.toString() + "\a");
Test.TVVCR.execute ("CV",
45 Test.videoChannelNumber.intValue());
} else A("WARNING! Wrong message content: " +
mag.content) ;
} alse

50 if (mgg.content.indexOf (WindowAgent.instance.name)
ax 0) {//WINDOW
if (mag.content.indexOf (ADD_WINDOW) ==
WindowAgent.instance.name.langth()) {//ADD

System.out.println("==a>Exacuting: WINDOW
55 Apbp\n"});

Test.TVVCR.pipDisplay(true) ;
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MOVE\n") ;

Test.TVVCR.pipDisplay(false);
} else
if (msg.content,indexOf (MORE) =a
WindowAgent.instance.name.length{)) {//MORE
10 System.out.println("===>Executing: WINDOW
CHANNEL NEXT\n") ;
Test .TVVCR.pipChannelNext () ;
} elge
if (msg.content.indexOf (LESS) ==
15 WindowAgent.instance.name.langth()){//LESS
System.out.println("==a>Executing: WINDOW
CHANNEL PREVIOQUS\n");
Test . TVVCR.pipChannelPrev() ;
} else
20 if (mmg.contant.indexOf (JUMP) a=
WindowAgent .instance.name.length()) {//JUMP
Integer jumpValus = new
Integer (msg.content.substring (msg.content. indexOf (JUMP) +
JUMP.length (), meg.content.langth()));
25 System.out.println("s==>Executing: WINDOW
CHANNEL JUMP TO " + jumpValue.toString() + "\n");

Tast .TVVCR.pipSetChannel (Test.windowChannelNumber.intvValue () -Tas
t.previousWindowChannelNumber.intValue());
30 } else d("WARNING! Wrong message content: " +
neg.content) ;
} else

if (msg.content.index0Of (DVDAgent.instance.name) ==
35 o) {//pw
if (nsg.content.indexOf (PLAY) ==
DVDAgent.ingtance,.name.length() ) {//PLAY
System.out.println("as==>Executing: DVD PLAY\n");
Test ,TVVCR.melaectDvd{() ;
40 Tast . TVVCR.dvdPlay () ;
} else
if (msg.content.indexOf (PAUSE) ==
DVDAgent . instance.name.length()) {//PAUSE
System.out.println{"w=ss>Executing: DVD
45 PAUSE\n");
Test.TVVCR.dvdPause () ;
} else
if (msg.content.indexOf (UNPAUSE) =x
DVDAgent . ingtance .name.length () ) {//UNPAUSE

50 Systam.out.println("sa=>Executing: DVD
UNPAUSE\n") ;
dvdrPauselLabel .setText (" "),
Test.TVVCR.dvdPlay () ;
} else
58 if (meg.content.indexOf (STOP) aa

DVDAgent .ingtance.name.length()) {//STOP
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System.out.println ("=az=>Executing: DVD STOP\a'");
Test .TVVCR.dvdStop () ;
Test .TVVCR.dvdStop () ;
Test.TVVCR.execute {("C",
Test .channelNumber.intvValue());
} elge
if (meg.content.indexOf (REWIND) ==
DVDAgent .instance.name.length () {//REWIND
System.out.println("==a>Executing: DVD
REWIND\n") ;
Test .TVVCR.dvdScanReverse () ;
} elge
if (meg.content.indexOf (FORWARD) ==
DVDAgent .instance.name.length()) { //FORWARD
System.out.println ("==2>Executing: DVD
FORWARD\n") ;
Test . TVVCR.dvdScanForward() ;
} else
d ("WARNING! Wrong message content: " +
msg.content) ;

displayBverything();

sendMessage (
{Agent) knownAgents .get (TextInputAgent.instance.name),
CLEAR_TEXT, EMPTY STRING, EMPTY_STRING, msg.replyWith,
EMPTY_STRING) ;

}

public aynchrenized veid jbInit() throws Exception(

TV.setEnabled(false) ;
TV.setForaground (SystemColor. inactiveCaption) ;
TV.setlLocals (new java.util.Locale("en", "GB",

EMPTY_STRING)) ;
TV.setLocation (new Point (50, 50));
TV.setSize (new Dimension (537, 300));
TV.setLayout (xYLayoutl) ;
Volume.setEnabled (false) ;
Volume.setMaximum(Tesgt . volumeMax) ;
Volume .setMinimum(0) ;

Volume . setMaximumlLabelString(Integer.toString (Test.volumaMax)) ;
Volume,setMinimumLabelString ("Volume o),
Volume.setValue (0) ;

Lights,setBnabled(false) ;
Lights,.setMaximum(Test.lightsMax) ;
Lighta.setMinimum(0) ;

Lights.setMaximumLabelString (Integer.toString (Test.lightsMax)) ;
Lights.setMinimumLabelString ("Lights on);
Lights.setValue (0);

Color.setEnabled (false);
Color, setMaximum (Test.colorMax) ;
Color.setMinimum(0) ;
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Color.setMaximumlLabelString (Intege toStrlng(Test colorMax) ) ;
Color. setM;n;mumLabelStrzng(“Color o) ;
Color.setValue(0);
5 Contrast.setEnabled(false) ;

Contrast .setMaximum(Test.contrastMax) ;
Contrast .setMinimum(0) ;

Contragt.setMaximumLabelString (Integer.toString (Test.contrastMax
10 ));
Contrast.setMinimumlabelString ("Contrast o) ;
Contrast .setValue(0);
Brightness.setEnabled(falae) ;
Brightness.setMaximum(Teat .brightnesaMax) ;

15 Brightness.setMinimum(0) ;
Brightness.setMaximumLabelString (Integer.toString(Test.brightnes
sMax) ) ;
Brightness.setMinimumLabelString ("Brightness or);
20 Brightness.setValue(0) ;

SoundOff . setState(0);
LightsaOn.setState(l);

SoundQff .setlabel ("muta") ;
LightsOn.setlLabel ("lights on'");

25 PowerOn.setState (0);

PowerOn.setlabel ("powar") ;
tvchannellabel.getEnabled(false) ;

tvchannellabel .setFont (new Font("Dialeg", 0, 20));
tvchannellabel.getText ("Channel " ;

30 verFunctionlabel, setEnabled (false) ;
verfunctionLabel . setFont (new Font ("Dialog", 0, 20));
verFunctionLabel . setText ("VCR: "y,
dvdFunctionLabel .setEnabled (false) ;
dvdFunctionlabel .sstFont (new Font(*Dialog", 0, 20));

35 dvdFunctionLabel .setText ("DVD: "y ;
verPauselabel .setEnabled (falsge) ;
vecrPausalLabel . sstFont (new Font ("Dialog”, 0, 20));

vcrPauselabel . setText (" "y
dvdPauselabel .gsatEnabled (false) ;

40 dvdPausaLabel . setFont (new Font(“Dzalog", 0, 20));
dvdraugelabal .gsatTaxt (" ;

verChannellLabel.setEnabled (false) ;
verChannellLabel . gsetFont (new Font ("Dialog?, 0, 20));
verChannellabel . setText ("Channel ") ;

45 windowChannellabel.setEnabled (false) ;
windowChannsllLabal.setFont (new Font ("Dialog", 0, 20));
windowChannellabel.setText ("PIP: NONE "y ;
this.setSize (new Dimension (632, €66));

TV.add (Volume, new XYConstraints (85, 5, -1, -1));

50 TV.add (Lights, new XYConstraints (85, 500, -1, -1));
TV.add (Color, new XYConstraints (85, 55, -1, -1));
TV.add (Contrast, new XYConstraints (85, 105, -1, -1));
TV.add (Brightness, new XYConstraints(85, 155, -1, -1});
TV,.add (Sound0£ff, new XYConstraints(3S2, 5, -1, -1));

85 TV.add (LightsOn, new XYComstraints (352, 500, -1, -1));
TV.add (PowerOn, new XYConstraints(352, 430, -1, -1));
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TV.add(tvchannellLabal, new XYConastraints (22, 205, -1, -1));
TV.add (vexFunctionlLabel, new XYConstraints (22, 258, -1,
-1));
TV.add(verPauseLabel, new XYConstraints(322, 258, -1, -1));
) TV.add(verChannellabel, new XYConstraints(22, 285, -1, -1));
TV.add (dvdFunctionlabel, new XYConstraints (22, 330, -1,
-1));
TV.add (dvdPauselabel, new X¥Constraints (322, 330, -1, -1));
TV.add (windowChannellabel, new XYConstraints(22, 370, -1,
10 -1));
TV.add(jCSeparatorl, new X¥Constraints(26, 250, 352, 11));
TV.add(jCSeparator2, new XyConstraints(26, 320, 352, 11));
TV.add(jCSeparator3, new XY¥Constraints(26, 360, 352, 11));
TV.add (jCSeparator4, new X¥Constraints(26, 400, 352, 11));
15 TV.add(jCSeparatorS, new XyConstraints(2, 460, 440, 40));
this.setTitle ("Device representation window");
this.setBounds (100, 100, 400, 550);
this.add(TV);
this.pack();
20 this.toBack () ;
this.show() ;
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1 1. A computer-implemented method for processing a subject message,

2 by a network of agents including an initiator agent and at least one agent downchain

3 of said initiator agent, each agent in said network having a view of its own domain

4 of responsibility, comprising the steps of said initiator agent:

5 querying at least one of the agents downchain of said initiator agent in said

6 network whether the queried agent considers said subject message to be in the

7 queried agent’s domain of responsibility;

8 resolving any conflicting responses from said queried agents, which

9 responses meet threshold quality criteria, to identify a prevailing group of at least
10 one of said downchain agents to whom said subject message should be passed; and
11 instructing at least one agent in said prevailing group to handle said subject
12 message.

1 2. A method according to claim 1, wherein said subject message

2 includes user input.

1 3. A method according to claim 2, wherein said step of preparing said

2 subject message in response to user input comprises the step of preparing said

3 subject message in response to natural language text input.

1 4, A method according to claim 1, wherein said network of agents is

2 organized as a hyperstructure of agents.

1 s. A method according to claim 1, wherein said prevailing group of

2 at least one agent is a community of at least one agent.
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1 7. A method according to claim 6, wherein each of said query
2 responses has associated therewith an indication of a priority level of the agent
3 which originated said query response, and wherein said step of discarding comprises
4 the step of discarding as a satisfactory claim, each of said query responses whose
5 associated priority level is below a predetermined threshold.

1 8. A method according to claim 7, wherein each of said query
2 responses further has associated therewith an indication of confidence with which
3 the agent originating said query response claims said subject message.

1 9. A method according to claim 1, wherein in said initiator agent
2 considers all responses from said queried agents to meet said threshold quality
3 criteria.

1 10. A method according to claim 1, wherein said responses identify
2 without contradiction a claiming group of at least one agent which claim said
3 subject message as being in their respective domains of responsibility,

4 and wherein said step of resolving any conflicting responses to identify a
5 prevailing group of at least one agent comprises the step of identifying said claiming
6 group as being said prevailing group.
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message as being in the domain of responsibility of the respective claiming agent,

said claims being mutually exclusive, each response in said plurality of responses

3

4

5 having a respective quality level associated therewith,

6 wherein said step of resolving any conflicting responses comprises the step
7

of comparing the quality levels of the responses in said plurality of responses.
12.  Amethod according to claim 11, wherein each of said quality levels

includes a priority measure of the respective claiming agent and further includes a

measure of confidence with which the respective claiming agent claims said subject

S W N B

message.

13. A method according to claim 12, wherein the measure of
confidence of a respective claiming agent comprises an indication of whether the

respective claiming agent considers that a contradiction exists among further agents

ORI N o

downchain of the respective claiming agent.

14, A method according to claim 11, wherein said responses further
include a further response which claims said subject message as being in the domain
of responsibility of a further agent downchain of said initiator agent, said further

response not being mutually exclusive with any of the responses in said plurality of

(7 D - S Y T S I

responses.

15. A method according to claim 1, wherein said responses include a
plurality of responses in which respective ciaiming agents each claim said subject

message as being in the domain of responsibility of the respective claiming agent,

= W N

said claims being mutually exclusive,
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510% u&' ( - 3410% u&l§.) - A method according to claim 15, wherein said step of causing a
2 user to be asked to resolve said conflicting responses comprises the step of asking
3 said user to select among said claiming
1 17. A method according to claim 15, wherein said step of resolving
2 further includes the step of identifying said prevailing group in response to natural
3 language text input entered in response to said step of causing a user to be asked
4 to resolve said conflicting responses.

18. A method according to claim 1, wherein said responses include a
plurality of responses in which respective claiming agents each claim said subject
message as being in the domain of responsibility of the respective claiming agent,
said claims being mutually exclusive,

wherein said step of resolving any conflicting responses comprises the step

of evaluating how recently each of said claiming agents was instructed by said
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initiator to handle a prior message.

19. A method according to claim 1, wherein said responses include a
plurality of responses in which respective claiming agents each claim said subject
message as being in the domain of responsibility of the respective claiming agent,
each response in said plurality of responses having a respective quality level
associated therewith, said claims being mutually exclusive, and wherein said step of
resolving any conflicting responses comprises the steps of:

comparing the quality levels of the responses in said plurality of responses;
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and
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2 conflicting responses further comprises the step of causing a user to be asked to
3 resolve said conflicting responses.

1 21. A method according to claim 20, wherein said step of resolving
2 said conflicting responses further comprises the step of identifying said prevailing
3 group in response to natural language text input entered in response to said step of
4

causing a user to be asked to resolve said conflicting responses,

1 22. A method according to claim 1, wherein said step of instructing at
2 least one agent in said prevailing group to handle said subject message comprises
3 the step of instructing said prevailing group to handle said subject message.

1 23. A method according to claim 1, further comprising the steps of a
2 first one of said queried agents, in response to said query:

3 determining whether said subject message is within said first agent’s
4 domain of responsibility;

5 and where said subject message is within said first agent’s domain of
6 responsibility, returning a response to said initiator agent claiming said subject
7 message.

1 24. A method according to claim 1, further comprising the steps of a
2 first one of said queried agents, in response to said query:

3 determining whether said subject message is within said first agent’s
4 domain of responsibility;
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1 25. A method according to claim 1, further comprising the steps of a
first one of said queried agents, in response to said query:
determining whether said subject message is within said first agent’s

domain of responsibility;

2
3
4
5 and where said subject message is not within said first agent’s domain of
6 responsibility but said first agent has further agents downchain of said first agent,
7 querying at least one of said further agents whether the further agent considers said
8

subject message to be in the further agent’s domain of responsibility.

26. A method according to claim 25, further comprising the steps of
said first agent:

receiving at least one further response from said further agents;

evaluating said further responses to determine whether any claim said
subject message and also satisfy predetermined quality criteria; and

where none of said further responses claim said subject message and also
satisfy said predetermined quality criteria, returning a response to said initiator

agent disclaiming said subject message as being within said first agent’s domain of

W ® 3 6 U1 e W

responsibility.

27. A method accarding to claim 26, wherein each of said further
responses has associated therewith an indication of a priority level of the agent

which originated said further response, and wherein said step of evaluating

W NN e

comprises the step of requiring a minimum priority level.
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3 the agent originating said further response claims said subject message.

29.  Amethod according to claim 26, wherein in said step of evaluating
said further responses to determine whether any claim said subject message and also
satisfy predetermined quality criteria, said first agent considers a given response to

satisfy said predetermined quality criteria whenever said first agent has received said

wm o W N

given response.

1 30. A method according to claim 25, further comprising the steps of
2 said first agent:

3 receiving at least one further response from said further agents;

4 evaluating said further responses to determine which if any claim said
5 subject message and also satisfy predetermined quality criteria; and

6 where at least one of said further responses claims said subject message
7 and also satisfies said predetermined quality criteria, returning a response to said
8 initiator agent claiming said subject message as being within said first agent’s
9 domain of responsibility.

1 31. A method according to claim 30, wherein one of said further
2 responses which claim said subject message and also satisfies said predetermined
3 quality criteria claims said subject message with a high level of confidence.

4 32. A method according to claim 30, wherein one of said further
5 responses which claim said subject message and also satisfies said predetermined

6 quality criteria claims said subject message with less than a high level of confidence.
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1 35. A method according to claim 34, further comprising the step of
2 providing said subject message in response to human input.

1 36. A method according to claim 34, further comprising the step of
2 providing said subject message in response to natural language text input.

1 37. A method according to claim 1, further comprising the step of said
2 at least one agent in said prevailing group producing an output of said network in
3 response to receipt of said instruction from said initiator agent.

1 38. A method according to claim 1, further comprising the step of said
2 at least one agent in said prevailing group, in response to receipt of said instruction
3 from said initiator agent, instructing a predetermined further agent downchain of
4 said first agent to handle said subject message.

|

39. A method according to claim 1, further comprising the steps of a

2 first one of said queried agents, in response to said query:
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7 agents each satisfying predetermined quality criteria and claiming that said subject
8 message is within the further agent’s domain of responsibility; and
9 returning a response to said initiator agent claiming said subject message

10 as being within said first agent’s domain of responsibility,

11 further comprising said first agent:
12 receiving said instruction from said initiator agent;
13 in response to said instruction, resolving said further conflicting responses

14 to identify a further prevailing group of at least one of said further agents to whom

15 said subject message should be passed; and

16 instructing at least one agent in said further prevailing group to handle said

17 subject message.
1 40. A method according to claim 39, wherein said step of resolving
2 said further conflicting responses comprises the step of causing a user to be asked
3 to resolve said further conflicting responses.

1 41, A method according to claim 40, wherein said step of resolving
2 said further conflicting responses further comprises the step of identifying said
3 further prevailing group in response to natural language text input entered in
4 response to said step of causing a user to be asked to resolve said further conflicting
5 responses,

1 42. A method according to claim 39, further comprising the step of

2 said first agent learning that future messages having a predetermined characteristic
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which matches that of said subject message are within the domain of responsibility
of said at least one agent in said further prevailing group.

43. A method according to claim 42, further comprising the step of
said first agent instructing at least one of the agents in said network which can
instruct said first agent to handle a message, to unlearn any interpretation policy
which calls for the second agent to route to said first agent messages having said

predetermined characteristic.

44. A computer-implemented method for use with a subject message,
for use further with a network of agents each having a view of its own domain of
responsibility, comprising the steps of a subject one of said agents:

receiving from an upchain agent a query inquiring whether said subject
message is within the domain of responsibility of said subject agent;

determining whether said subject message is within said subject agent’s
domain of responsibility;

and where said subject message is within said first agent’s domain of
responsibility, returning a response to said upchain agent claiming said subject
message.

45. A method according to claim 44, further comprising the steps of
said subject agent, after said step of returning a response:
receiving a command to process said message;

producing an output of said network in response to said step of receiving

a command.
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47. A method according to claim 46, wherein said step of determining comprises the step of
determining whether said subject message is within said first agent's local domain of responsibility.

48. A method according to claim 46, wherein said step of determining comprises the step of
determining whether said subject message is within the domain of responsibility of any agents downchain
of said first agent.

49, A method according to claim 48, wherein said step of determining whether said subject
message is within the domain of responsibility of any agents downchain of said first agent, comprises the
step of querying at least one agent downchain of said first agent whether the queried agent considers said
subject message to be in the queried agent’s domain of responsibility.

50. A method according to claim 49, wherein said step of determining whether said subject
message is within the domain of responsibility of any agents downchain of said first agent, further comprises
the step of said first agent receiving, in response to said step of querying, only non-contradictory claim(s)
of message ownership from at least one of said queried agent(s).

51. A method according to claim 50, wherein said step of determining whether said subject
message is within the domain of responsibility of any agents downchain of said first agent, further comprises
the step of said first agent:

receiving at least one query response from said queried agent(s); and

evaluating for contradiction only those of said query responses which satisfy threshold quality
criteria.

52. A method according to claim 51, wherein each of said query responses has associated
therewith an indication ofa priority level of the agent which originated said query response, and wherein said

threshold quality criteria require a priority level above a predetermined threshold priority level.
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54, A method according to claim 46, further comprising the steps of said first agent, after said
step of returning a response:

receiving a command to process said message;
producing an output of said network in response to said step of receiving a command.

55. A method according to claim 46, further comprising the steps of said first agent, after said
step of returning a response:

receiving a command to process said message; and

forwarding to at least one further agent downchain of said firstagent, a further command to process
said message.

56. A method according to claim 55, further comprising the step of said first agent taking local

steps to produce an output of said network in response to said step of receiving a command.

57. A method according to claim 46, wherein said network of agents is organized as a
hyperstructure of agents.
58. A computer-implemented method for use with a subject message, for use further with a

network of agents each having a view of its own domain of responsibility, comprising the steps of a firstone
of said agents:

receiving froman upchain agent a query inquiring whether said subject message is within the domain
of responsibility of said first agent;

determining whether said subject message is within said first agent’s domain of responsibility;

and where said subject message is not within said first agent’s local domain of responsibility and
said first agent has no downchain agents, returning a response to said upchain agent disclaiming said subject
message.

59. A method according to claim 58, further comprising the step of a further agent in said
network of agents claiming said subject message.

60. A method according to claim 58, further comprising the steps of said first agent, after said
step of returning a response:

receiving a command to accept said subject message;

producing an output of said network in response to said step of receiving a command.



109% ()-~ K" U(tS2 \ FL09%& ()-& ,-10%! & () - & Tous Q- &361016%CC
5109%& ()--|510%3e&' O)-"(L(F(U((()|Z29tS2 \ ) 10%& ()-! 10%& ()-
1090\BN& ()- "10%!& ()- FL0% & ()- MFL109& ()-)W))*b**|[:tS2 \ 3YS
10%030& ()-m s, 10%! & ()-m 10%&' ()- %40% & ()- 10% > f& ()-

10%! & ()-*+B++++U, | ZOtS2 \ & 109! w& ()- '& 10%& ()- 3YS 10%t& ()-m
~3YS 10%! & ()-m 3YS 10%>!~& ()-m 3YS 10%f& ()-mU ~, ,-e---|[:tS2 \

s- 109%d& ()- s- 10%!& ()- s- 109NV W& ()- s- 109 >!1& ()- & 10%>!k& ()-
& 10% | & () 6!.. 8. 8 method @cbrdjngyd daim 58, FQHE YRS in)e thelsOPEGY sBi fifs) agent, after said

$10%8Q) 5Y10%& ()- 05Y10%&' ()-[.|.../K//|[:vU4  p
1098Q & géf’g}f%%r&%élsé&' ()-1 s109RQ && ()- 9 10%R-2& ()- 9 10% Q . & ()
9 109&H&E () 19c8iyDEeedd¥ayiaccept 4d ObREShesIge; b® U 1097 & ()-F 19 10% & ()-F

a2’ () 1atood ) P Syt SAINE S5t sl e AV g R

2223d3033135ﬁ3?1\$@41t}’ ofsaldﬁrsoaza&uy & ()-1 +10% )& ()-1 +10%f& ()-|I
Lo e Yy g ARG M ity N
+10% Q ts&pg tp- graﬁnzp(@m@gq c[f sid hetwork in response to said step of receiving a command.

63. A method according to claim 58, further comprising the step of producing an output of said
network in response to said step of receiving a query.

64. A computer-implemented method for use with a subject message, for use further with a
network of agents each having a view of its own domain of responsibility, comprising the steps of a first one
of said agents:

receiving from an upchain agent a query inquiring whether said subject message is within the domain
of responsibility of said first agent;

and where said subject message is not within said firstagent’s local domain ofresponsibility but said
first agent has further agents downchain of said first agent, querying at least one of said downchain agents
whether the downchain agent considers said subject message to be in the downchain agent’s domain of
responsibility.

65. A method according to claim 64, further comprising the steps of:

said first agent receiving, in response to said step of querying, only non-contradictory claim(s) of
message ownership from at least one of said queried agent(s); and in response thereto,

returning a response to said upchain agent claiming said subject message.

66. A method according to claim 65, further comprising the steps of said first agent, after said
step of returning a response:

receiving a command to process said subject message;

producing an output of said network in response to said step of receiving a command.

67. A method according to claim 64, further comprising the steps of said first agent:

receiving at least one query response from said queried agent(s); and

discarding all of said query responses which fail threshold quality criteria; said step of discarding
leaving only non-contradictory claim(s) of message ownership from at least one of said queried agent(s);

and in response thereto,
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A method accordmg to claJm 69 f(unher compnsmg the step of said one downcham agent

resolving its contradiction in response to receipt of said further command to process said message.

71. A method according to claim 70, further comprising the step of said firstagent and said one
downchain agent each taking respective local steps to produce an output of said network in response to said
step of receiving a command.

72. A method according to claim 69, further comprising the step of said first agent taking local
steps to produce an output of said network in response to said step of receiving a command.

73. A method according to claim 64, further comprising the steps of:

said first agent receiving, in response to said step of querying, at least two responses claiming
contradictory ownership of said subject message, and in response thereto,

said first agent returning a response to said upchain agent indicating that said first agent has a
contradiction.

74. A method according to claim 73, further comprising the steps of said first agent, after said
step of returning a response:

receiving a command to process said message; and

resolving said contradiction in response to said step of receiving a command.

75. A method according to claim 74, wherein said step of resolving said contradiction
comprises the step of identifying a second agent downchain of said first agent as being eligible to receive
said subject message,

further comprising the step of said first agent forwarding to said second agent, further command

to process said message.
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"109%& () -!] Qoyz 1Q%shddiccording to claim 64, further comprising the steps of said first agent:

receiving at least one response in response to said step of querying;

evaluating said responses to determine whether any claim said subject message and also satisfy
predetermined quality criteria; and

where none of said responses claim said subject message and also satisfy said predetermined quality
criteria, returning a response to said upchain agent disclaiming said subject message as being within said first
agent’s domain of responsibility.

80. A method according to claim 64, further comprising the steps of said first agent:

receiving at least one response in response to said step of querying; and

returning a response to said upchain agent disclaiming said subject message as being within said first
agent’s domain of responsibility; and after said step of returning a response,

receiving a cornmand to accept said subject message;

producing an output of said network in response to said step of receiving a command.

81. A method according to claim 64, further comprising the steps of said first agent:

receiving at least one response in response to said step of querying; and

returning a response to said upchain agent disclaiming said subject message as being within said first
agent’s domain of responsibility; and after said step of returning a response,

receiving a command to accept said subject message; and

in response to said step of receiving a command, learning that messages having characteristics of
said subject message are within the domain of responsibility of said first agent.

82. A method according to claim 81, further comprising the steps of, in response to said step

of receiving a command, said first agent:
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within the domain of responsibility of said first agent.

85. A method according to claim 83, further comprising the step of said second agent taking
local steps to produce an output of said network in response to said step of said second agent receiving a
command.

86. A method according to claim 81, further comprising the step of said first agent taking local
steps to produce an output of said network in response to said step of receiving a command.

87. A method according to claim 64, further comprising the step of a further agent in said
network of agents claiming said subject message.

88. A method according to claim 64, further comprising the step of producing an output of said
network in response to said subject message.

89. A computer-implemented method for use with a subject message, for use further with a
network of agents each having a view ofits own domain ofresponsibility, comprising the steps of a first one
of said agents:

receiving a command to accept said subject message; and

in response to said step of receiving a command, learning that messages having characteristics of
said subject message are within the domain of responsibility of said first agent.

90. A method according to claim 89, further comprising the step of, in response to said step
of receiving a command, said first agent instructing a second group of at least one agent downchain of said

first agent to handle said subject message.
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A method according to claim 92, wherein said step of resolving comprises the step of

evaluating how recently said first agent instructed an agent in each of said downchain groups to handle a
prior message.

94, A method according to claim 92, wherein said step of resolving comprises the steps of:

comparing quality levels of responses previously received from said groups of downchain agent;
and

evaluating how recently said first agent instructed an agent in each of said downchain groups to
handle a prior message.

9s. A method according to claim 92, further comprising the step of said firstagent leaming that
future messages having a characteristic of said subject message are within the domain of responsibility of
said second group of at least one agent.

96. A method according to claim 92, further comprising the steps of, in response to said a
second agent in said second group of agents receiving said instruction from said first agent, said second
agent learning that messages having characteristics of said subject message are within the domain of
responsibility of said second agent.

97. A method according to claim 96, further comprising the step of said second agent taking
local steps to produce an output of said network in response to said step of said second agent receiving a
command.

98. A method according to claim 89, further comprising the step of said first agent taking local
steps to produce an output of said network in response to said step of receiving a command.

99. A method according to claim 89, wherein said command is received from an agent upchain
of said first agent, further comprising the step of, in response to said step of receiving a command, sending
a command to said upchain agent to unlearn that messages having characteristics of said subject message

are within the domain of responsibility of said first agent.
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101. A method according to claim 99, wherein prior to said step of sending a command to said
upchain agent to unlearn, said upchain agent did not have an interpretation policy that messages having
characteristics of said subject message are within the domain of responsibility of said first agent, further
comprising the step of said upchain agent ignoring said command to said upchain agent to unlearn that
messages having characteristics of said subject message are within the domain of responsibility of said first
agent.

102. A method according to claim 89, further comprising the step of producing an output of said
network in response to said subject message.

103. A computer-implemented method for use with a network of agents, comprising the step of
afirstone of said agents sending an instruction to at least one recipient agent in said network instructing each
of said recipient agent(s) to unlearn any interpretation policy that it has which calls for messages having a
predetermined characteristic to be sent to said first agent.

104. A method according to claim 103, wherein said step of sending a message to at least one
recipient agent comprises the step of sending said message to all agents whichare upchain of said first agent
in said network.

105. A method according to claim 104, wherein said step of sending a message to at least one
recipient agent comprises the step of sending said message to all agents in said network which are known
to said first agent.

106. A computer-implemented method for use with a network of agents, comprising the steps
of a first agent in said network:

receiving fromanother agent a first interpretation problem for evaluating whether a subject message
is within a domain of responsibility of said first agent;

storing said first problem accessibly to said first agent; and subsequently

receiving an instruction calling on said first agent to forget said first problem.



L0%ITE ()18 L0 ()8 10% 1) S1eYTS20 b J0keES 1

9& ()-S  10%K& ()-S 10%Y& ()-S Z_ 10%& ()-S! 10%s3-E

$109KK&' () -1 $10%8S& ()-1 "10%S~ S& ()-G 10%8S& ()-S! p 10%&'() S8
1098S& ()-SHPz|[:-210' ~ ' nb110% ~ ' & ()- nl1l0%' & ()- &LOYSS& ()- 3
,&109%97& ()-3 w+&10%~ 1& ()-3 r-&10%, & ()-3 *+3gG210' ~ ' nbl - 109D
& ()-S -109 & ()-S 109D & ()- 10%D&s()- 109D & ()-10'~ ' 10' ~

' 3KLMNU[ cO&R210' ~ ' nb - 109D & ()-S -10% & ()-S - 109 & ()- S(#3, - - 109D

& ()-S - ()-S

-10%D &
& ()-S

109D 1&7 0 A%&}t&i}m%’n@ré@o ctaim 106; AR Fapkikin /%Lh sl«?@s.a& f(réta nt d}l@r@sé?a
1( ISt problem in %gggse&to(sz)nd step of reccc)w;g #3, -10%D & &0-

108. A method according to claim 106, wherein each agent in said network of agents has a view
of its own domain of responsibility, further comprising the steps of said first agent:

making a determination of whether said subject message is within said first agent’s domain of
responsibility; and

returning said determination to said other agent.

109. A method according to claim 108, wherein said step of making a determination comprises
the step of making a determination of whether said subject message is within said first agent's local domain
of responsibility.

110. A method according to claim 108, wherein said step of making a determination comprises
the step of making a determination of whether said subject message is within the domain of responsibility
of any agents downchain of said first agent.

111. A method according to claim 108, wherein said step of making a determination of whether
said subject message is within the domain of responsibility of any agents downchain of said first agent,
comprises the step of querying at least one agent downchain of said first agent whether the queried agent
considers said subject message to be in the queried agent’s domain of responsibility.

112. A method according to claim 108, wherein said step of receiving an instruction calling on
said firstagent to forget said first problem occurs after said step of returning said determinationto said other
agent.

113. A method according to claim 108, further comprising the step of said first agent, after said
step of retuming-said determination, receiving a command to process said subject message.

114. A method according to claim 113, wherein said instruction calling on said first agent to
forget said first problem comprises said command to process said subject message.

115. A methodaccording to claim 113, further comprising the step of said firstagent taking local
steps to produce an output of said network in response to said step of receiving a command to process said
subject message.

116. A method according to claim 106, wherein said mstruction calling on said first agent to
forget said first problem comprises a FORGET-PROBLEM performative.

109D
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instructing each of said further agent(s) to forget said first problem.

118.  Amethodaccording to claim 117, wherein said step of sending an instruction to at leastone
further agent comprises the step of said first agent sending said message to all agents which have received
said first problem from said first agent.

119. A method according to claim 117, wherein said step of sending an instruction to at least one
further agent comprises the step of said first agent sending said message to all agents in said network which
are downchain of said first agent.

120. A computer-implemented method for use with a network of agents, comprising the steps
of:

propagating a plurality of interpretation problems through said network for identifying at least one
path that each such problem should travel through said network, each agent that receives one of said
problems performing steps which include storing the problem; and

sending an instructionto at least one recipient agent in said network instructing each of said recipient
agent(s) to forget said one problem.

121. A method according to claim 120, wherein said step of sending a message to at least one
recipient agent comprises the step of sending said message to all agents which have received said one
problem.

122. A method according to claim 121, wherein said step of sending a message to at least one
recipient agent comprises the step of sending said message to all agents in said network.

123. A computer-implemented method for use with a network of agents including at least one
agent having a plurality of downchain neighboring agents, comprising the steps of:

initiating a command into said network;

each agent receiving said command, which agent has exactly one downchain neighboring agent,
forwarding said command to said exactly one downchain neighboring agent; and

each agent receiving said command, which agent has a plurality of downchain neighboring agents,
determining a subset of said plurality which should receive said command and forwarding said command
to each agent in said subset,

said network producing an output of said network in response to said step of initiating.
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125. A method according to claim 123, further comprising the step of at least one agent receiving
said command taking local steps to produce an output of said network in response to said command.

126. A method according to claim 123, wherein said steps of initiating and forwarding collectively
identify a first path taken by said command through said network,

and wherein at least a first agent in said first path takes local steps to produce an output of said
network in response to said command.

127. A method according to claim 123, further comprising the step ofa firstagent whichreceives
said command learning that messages having characteristics of a subject message identified with said
command are within the domain of responsibility of said first agent.

128. A method according to claim 127, further comprising the step of said first agent notifying
an upchain neighboring agent in said network to unlearn any interpretation policy that messages having said
characteristics are within the domain of responsibility of said first agent.

129. A method according to claim 127, comprising the step of each given agent in said network
which receives said command learning that messages having said characteristics are within the domain of
responsibility of the given agent.

130. A method according to claim 129, further comprising the step of each given agent which
receives said command notifying other agents to unleam any interpretation policy that messages having
characteristics of a subject message identified with said command are within the domain of responsibility
of said given agent.

131. A method according to claim 123, further comprising the step of a firstagent which receives
said command, which first agent has a plurality of downchain neighboring agents, learning that messages
having characteristics of a subject message identified with said command are within the domain of
responsibility of each of the agents in the subset of agents determined in said step of determining.

132. A method according to claim 123, wherein said step of eachagent receiving said command,
which agent has a plurality of downchain neighboring agents, determining a subset of said plurality which
should receive said command, comprises the step of:

each given agent receiving said command, which given agent has a plurality of downchain
neighboring agents, consulting a prior determination, previously stored accessibly to the given agent, of the

subset of said plurality which should receive said command from the given agent.



1090 & () - S#3, dHG210' ~ ' #3 -109® & ()- S#3, - 109D &()E S o A0IDC& T DS >

-109D & ()-S -109®D & ()-S{_?2G210'~ ' # -10%D & ()-S - 109D & ()-S#3, ( - 109D
& ()-S -109 & ()-S -109D & ()-ShHG210' ~ ' # -109%D & ()-S - 109 & ()-S
-109D & ()-SH#3, -109D & ()-S -109® & ()-S<=AHNp _?&210' ~ ' # -109® & ()-S
-109D & ()-S -109D & ()-S -109D & ()-S#3, ( -10%D & ()-Spqry’ <@10' ~ ' #3,
-109D & ()-S -109® & ()-S -109%D & ()-SI28109D & ()- S#3, " DG210' ~ ' #3 - 1090
& ()-S#3, -109D & ()-S - 109D &'(%13 - 109D, &',é))-s -109D & ()-S{_?2G10' ~ ' #
-109D & ()- S 13300 ethgd aggesding pipgm (23 Whersin said)sigp ofe3ch aggntrergivipg said command,

& ()-9" (wﬁ@ég@ht‘haé a ﬁurali}e@ mdgdnéﬂain%ei'g&&q‘@g §g'eﬁtl,'d§ermining a subset of said plurality which
should receive said command, comprises the step of:

one of such agents evaluating how recently it instructed an agent in said plurality of downchain
neighboring agents to handle a prior message.

134. A method according to claim 123, wherein said step of each agent receiving said command,
which agent has a plurality of downchain neighboring agents, determining a subset of said plurality which
should receive said command, comprises the step of one of such agents:

comparing quality levels of responses previously received fromagents in said plurality of downchain
neighboring agents relative to a message associated with said command.

135. A method according to claim 123, wherein said step of each agent receiving said command,
which agent has a plurality of downchain neighboring agents, determining a subset of said plurality which
should receive said command, comprises the step of one of such agents:

comparing quality levels of responses previously received fromagents in said plurality of downchain
neighboring agents relative to a message associated with said command; and

evaluating how recently it instructed an agent in said plurality of downchain neighboring agents to
handle a prior message.

136. A computer-implemented method for use with a network of agents, each agent in said
network having a view of its own domain of responsibility, comprising the steps of:

initiating a subject message into said network a first time;

each agent receiving said subject message the first time froma respective upchain neighboring agent
the first time, evaluating whether said subject message is within the agent's domain of responsibility and
returning an indication of such evaluation to said upchain neighboring agent;

re-initiating said subject message into said network for a second time; and

eachagentreceiving said subject message the second time resolving any contradictions it has about
whether said subject message is within the agent's domain of responsibility.

137. A method according to claim 136, wherein said step of each agent receiving said subject
message the first time evaluating whether said subject message is within the agent's domain of responsibility,
comprises the step of:

a first one of said agents receiving said subject message the first time making a determination of

whether said subject message is within the local domain of responsibility of said first agent.
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receiving said subject message the first time evaluating whether said subject message is within the agent's
domain of responsibility, comprises the step of:

said first agent making a determination of whether said subject message is within the domain of
responsibility of any of the downchain neighboring agents of said first agent.

139. A method according to claim 138, wherein said step of said first agent making a
determination of whether said subject message is within the domain ofresponsibility of any ofthe downchain
neighboring agents of said first agent comprises the step of said first agent consulting a database of
interpretation policies local to said first agent.

140. A method according to claim 138, wherein said step of said first agent making a
determinationof whether said subject message is within the domain of responsibility of any of the downchain
neighboring agents of said first agent comprises the step of said first agent querying at least one of the
downchain neighboring agents of said first agent whether the queried agent considers said subject message
to be in the queried agent’s domain of responsibility.

141. A method according to claim 136, wherein said step of evaluating whether said subject
message is within the agent's domain of responsibility comprises the steps of said agent classifying said
subject message into one of a plurality of categories including:

(a) the agent considers the subject message to be within the agent's domain of responsibility,

®) the agent considers the subject message to be not within the agent's domain ofresponsibility,
and

(c) the agent has a contradiction about whether the subject message is within the agent's domain
of responsibility.

142. A method according to claim 141, wherein a first one of said agents receiving said subject
message the first time has at least one downchain neighboring agent, and wherein said step of each agent
receiving said subject message the first time evaluating whether said subject message is within the agent's
domain of responsibility, further comprises the steps of said first agent:

receiving at least one query response from said at least one downchain neighboring agent; and

discarding as a satisfactory claim, any of said query responses which claim said subject message
but fail threshold quality criteria.
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3s109%& () - 31:4’8.1 0%‘%&&2& according to claim 147, wherein said apparatus further comprises additional
agents not in said network.
149.  Apparatus according to claim 148, wherein said network and said additional agents
collectively define a further network.
150.  Apparatus according to claim 147, wherein the given agent's domain of responsibility
includes a local domain of responsibility of the given agent.
151.  Apparatus according to claim 147, wherein the given agent has at leastone neighboring agent
downchain of said given agent, and wherein the given agent's domain of responsibility includes the domains
of responsibility of all of said downchain agent(s).
152.  Apparatus according to claim 151, wherein the given agent's domain ofresponsibility further
includes a local domain of responsibility of the given agent.
153.  Apparatus according to claim 151, wherein the interpreter m said given agent includes means
for querying at least one agent downchain of said given agent whether the queried agent considers said

subject message to be in the queried agent’s domain of responsibility.
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| 109&' () - z! el 192KK&pfatatiss adddrdingltO claim 156, wherein query responses each have associated therewith
a respective indication of a priority level of the agent which originated the query response, and wherein said
threshold quality criteria require a priority level above a predetermined threshold priority level.

158. A method according to claim 154, wherein said resolving means includes means for
evaluating how recently said given agent instructed each of said downchain agents to handle a prior message.

159.  Apparatus according to claim 154, wherein said resolving means includes:

means for comparing quality levels ofresponses previously received from said downchain agent(s);
and

means includes means for evaluating how recently said given agent instructed each of said |
downchain agents to handle a prior message.

160.  Apparatus according to claim 151, wherein one of said agents further includes:

storage means containing identifications of the downchain neighboring agents of said given agent;
and

means for adapting said identifications in response to messages received from other agents.

161.  Apparatus according to claim 147, wherein said learning means adapts the given agent's view
of its domain of responsibility also in response to feedback regarding prior interpretations made by said
interpreter.

162.  Apparatus according to claim 147, wherein a first one of said agents further includes a
specialized processing unit which, in response to receipt of a predetermined performative, performs local
steps toward producing an output of said network.

163.  Apparatus according to claim 162, wherein a second one of said agents further includes a
specialized processing unit which, in response to receipt of said predetermined performative, performs local

steps toward producing an output of said network,
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said method further comprising the step of producing a human perceptible output of said network

in response to said step of receiving a query.

172. A computer-implemented method for use with a subject message, for use further with a
network of agents each having a view of its own domain of responsibility, comprising the steps of a firstone
of said agents:

receiving froman upchain agent a query inquiring whether said subject message is within the domain
of responsibility of said first agent;

determining whether said subject message is within said first agent’s domain of responsibility;

and where said subject message is not within said first agent’s local domain of responsibility and
said firstagent has no downchain agents, returning a response to said upchain agent disclaiming said subject
message,

wherein said subject message includes user input.

173. A computer-implemented method for use with a subject message, for use further with a
network of agents each having a view of its own domain of responsibility, comprising the steps of a first one
of said agents:

receiving froman upchain agent a query inquiring whether said subject message is within the domain
of responsibility of said first agent;

where said subject message is not within said first agent’s local domain of responsibility but said
first agent has further agents downchain of said first agent, querying at least two of said downchain agents
whether each of said downchain agent considers said subject message to be in the downchain agent's

domain of responsibility;
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180. A methodaccording to claim 178, wherein said step of resolving further comprises the steps
of:

comparing quality levels of responses previously received from said groups of downchain agents;
and

evaluating how recently said first agent instructed an agent in each of said downchain groups to
handle a prior message.

181. A computer-implemented method for use with a subject message, for use further with a
network of agents each having a view of its own domain of responsibility, comprising the steps of a first one
of said agents:

receiving a command to accept said subject message; and

in response to said step of receiving a command, learning that messages having characteristics of
said subject message are within the domain of responsibility of said first agent,

said method further comprising the step of producing a human perceptible output of said network
in response to said subject message.

182. A computer-implemented method for use with a subject message, for use further with a
network of agents each having a view of'its own domain of responsibility, comprising the steps of a firstone

of said agents:
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to each agent in said subset,

said network producing a human perceptible output of said network in response to said step of
initiating.

185. A methodaccording to claim 184, wherein said step of determining a subset of said plurality
comprises the step of determining a proper subset of said plurality.

186. A computer-implemented method for use with a network of agents including at least one
agent having a plurality of downchain neighboring agents, comprising the steps of:

initiating a command into said network;

each agent receiving said command, which agent has exactly one downchain neighboring agent,
forwarding said command to said exactly one downchain neighboring agent;

each agent receiving said command, which agent has a plurality of downchain neighboring agents,
determining a subset of said plurality which should receive said command and forwarding said command
to each agent in said subset, and

said network producing an output of said network in response to said step of initiating,
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determining a subset of said plurality which should receive said command and forwarding said command
to each agent in said subset,

said network producing an output of said network in response to said step of initiating.

190, A method according to claim 189, wherein said step of producing an output comprises the
step of producing a human perceptible output.

191. A method according to claim 189, wherein said step of determining a subset comprises the
step of causing auserto beasked to select said subset from among said plurality of downchain neighboring
agents.

192. A computer-implemented method for use with a network of agents including at least one
agent having a plurality of downchain neighboring agents, comprising the steps of:

initiating a command into said network;

each agent receiving said command, which agent has exactly one downchain neighboring agent,
forwarding said command to said exactly one downchain neighboring agent; and

each agent receiving said command, which agent has a plurality of downchain neighboring agents,
determining a subset of said plurality which should receive said command and forwarding said command

to each agent in said subset,
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said network producing an output of said network in response to said step of initiating,
wherein said step of each agent receiving said command, which agent has a plurality of downchain
neighboring agents, determining a subset of said plurality which should receive said command, includes the

step of:

one of such agents causing a user to be asked to select among said plurality of downchain
neighboring agents.

193, Amethod according to claim 192, wherein said step ofeach agent receiving said command,
which agent has a plurality of downchain neighboring agents, determining a subset of said plurality which
should receive said command, further comprises the step of:

one of such agents evaluating how recently it instructed an agent in said plurality of downchain
neighboring agents to handle a prior message.

194. A method according to claim 192, wherein said step of each agent receiving said command,
which agent has a plurality of downchain neighboring agents, determining a subset of said plurality which
should receive said command, further comprises the step of one of such agents:

comparing quality levels ofresponses previously received fromagents in said plurality of downchain
neighboring agents relative to a message associated with said command.

195. A computer-implemented method for use with a network of agents, each agent in said
network having a view of its own domain of responsibility, comprising the steps of:

initiating a subject message into said network a first time;

each agent receiving said subject message the first time from a respective upchain neighboring agent
the first time, evaluating whether said subject message is within the agent's domain of responsibility and
returning an indication of such evaluation to said upchain neighboring agent;

re-initiating said subject message into said network for a second time; and

each agent receiving said subject message the second time resolving any contradictions it has about
whether said subject message is within the agent's domain of responsibility,

said method further comprising the step of said network producing a human-perceptible output of
said network in response to said step of initiating.

196. A method according to claim 195, wherein said subject message includes hurnan input.

197. A computer-implemented method for use with a network of agents including at
least one agent having a plurality of downchain neighboring agents, comprising the steps of:

initiating a subject message into said network;
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200. A methodaccording to claim 197, wherein said output of said network is human perceptible.

201. A method according to claim 197, wherein said steps of establishing firstand second paths
comprise the steps of:

each agent receiving said subject message, which agent has exactly one downchain neighboring
agent, forwarding said subject message to said exactly one downchain neighboring agent; and

each agent receiving said subject message, which agent has a plurality of downchain neighboring
agents, determining a subset of said plurality which should receive said subject message and forwarding said
subject message to each agent in said subset.

202. A method according to claim 201, wherein said step of determining a subset of said plurality
comprises the step of determining a proper subset of said plurality.

203. A method according to claim 201, wherein said step of each agent receiving said subject
message, whichagent has a plurality of downchain neighboring agents, determining a subset of said plurality
which should receive said subject message, comprises the step of:

each given agent receiving said subject message, which given agent has a plurality of downchain
neighboring agents, consulting a prior determination, previously stored accessibly to the given agent, of the
subset of said plurality which should receive said subject message from the given agent.

204. A method according to claim 201, wherein said step of each agent receiving said subject
message, whichagent has a plurality of downchain neighboring agents, determining a subset of said plurality
which should receive said subject message, comprises the step of:

each given agent receiving said subject message, which given agent has a plurality of downchain
neighboring agents, consulting prior responses from such downchain neighboring agents to a prior query
inquiring whether each such downchain neighboring agent considers said subject message to be within the

domain of responsibility of each such downchain agent.
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message, compnses the step o sald first agent resolvmg said contradictory claims of ownership.

208. A method according to claim 207, wherein said step ofresolving comprises the step of said
first agent causing a user to be asked to select among said contradictory claims of ownership.

209. Computing apparatus comprising a network of a plurality of agents, each of said agents
having a view of its domain of responsibility, said plurality of agents including a subset of agents each of
which has at least one neighboring downchain agent, each given agent in said subset of agents including:

an interpreter which determines whether a subject message is within the given agent's domain of
responsibility, said interpreter including means for querying at least one agent downchain of'said given agent
whether the queried agent considers said subject message to be in the queried agent’s domain of
responsibility, said interpreter further including means for resolving contradictory responses received from
the queried agents; and

learning means which adapts the given agent's view of its domain of responsibility in response to
contradiction resolution, said leaming means including means for causing a user to be asked to select among
at least two agents downchain of said given agent.

210.  Apparatus according to claim 209, wherein said leaming means further includes other
contradiction resolution means.

211.  Computing apparatus comprising a network of a plurality of agents, each of said agents

having a view of its domain of responsibility, and each given one of said agents including:
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| 215. Appararus according to claim 213, wherein said given interpretation policy comprises a list

of at least one token,

and wherein said given agent asserts said claim in response to detection by said given agent that a
given token of said given message matches a token in said list.

216.  Apparatus according to claim 215, wherein said claim includes an identificationofsaid given
token.

217.  Apparatus according to claim 212, wherein said claim includes an identification of a portion
of the given message to which said given interpretation policy applies.

218.  Apparatus according to claim 217, wherein said portion ofthe given message is contiguous
in said given message.

219.  Apparatus according to claim 217, wherein said portion of the given message is
discontiguous in said given message.

220.  Apparatus according to claim 212, wherein each of said given agents asserts a claim to said
given message also in response to receipt of a claim to said given message by an agent which is downchain
of said given agent in said network.

221.  Apparatus according to claim 212, wherein each of said given agents which has a respective
downchain agent, forwards said given message to at least one of its respective downchain agents, at least

if said given agent has no interpretation policy local to the given agent that applies to said given message.
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dependence upon said claims asserted by agents in said subset of agents.

227.  Apparatus according to claim 212, wherein at least one of said agents in said subset of
agents can leam additional interpretation policies.

228.  User-responsive apparatus comprising:

a user input module having an input system for receiving natural language user input and further
having an output port for outputting user messages in response to user input received by said user input
module;

a network of computational agents including a plurality of agents each responsible for recognizing
respective characteristics in said user messages, at least two of said agents being responsible forrecognizing
respective distinct characteristics in said user messages, said network hav*ing a network output port and
providing network output signals on said network output port in response to at least some user messages;
and

adevice whichperforms predefined functions in response to predefined ones ofsaid network output
signals. r

229.  Apparatus according to claim 228, wherein said user input module outputs said user
messages in textual form.

230.  Apparatus according to claim 228, wherein said plurality of agents includeat least 13 agents.

231.  Apparatus according to claim 230, wherein each of said 13 agents is responsible for

recognizing distinct respective characteristics in said input messages.
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232.  Apparatus according to claim 228, wherein said network of agents includes a subset of at
least two agents of which each have a respective set of at least one interpretation policy, none of said sets
of interpretation policies being identical with any other in said subset of agents, each given agent n said
subset of agents asserting a claim to a given one of said user messages in response to detection by said
given agent that a given interpretation policy of the given agent applies to said given user message.

233.  Apparatus according to claim 232, wherein at least one of said claims includes an
identification of a token to which said given interpretation policy applies in said given user message.

234.  Apparatus according to claim 233, wherein claim further includes an identification of an
additional token to which said given interpretation policy applies in said given user message.

235.  Apparatus according to claim 232, wherein each of said given agents asserts a claim to said
given user message also in response to receipt of a claim to said given user message by an agent which is
downchain of said given agent in said network.

236.  Apparatus according to claim 232, wherein each of said given agents whichhas arespective
downchain agent, forwards said given user message to at least one of its respective downchain agents, at
least if said given agent has no interpretation policy local to the given agent that applies to said given user
message.

237.  Apparatus according to claim 228, further comprising means in said agent network for
learning to recognize additional characteristics in said user messages.

238.  Apparatus according to claim 228, wherein said device comprises a home entertainment

system.



