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difficult to use. Frequently this is a consequence ofthe grow ng nunber

of feature jch the interface is expected to provide egsy . Users
usual |y hg‘,\%%{%lf ol l owi ng problems with current interfaces: nllgﬁﬁgﬁ

Prior to selecting an action, users have to consider whether the machine
provi des an appropriate action at all. It would therefore be desirable if’
the interface could provide feedback to the user. * It is difficult to
access the actions users already know about. It would 2 0 t herefore
be desirable if the user could freely e¥dpress his or her needs w thout .
being bound to a limted set of conventions preset by the interface. .
Users have t oDepa@hes, Wiaiversity| df bMayla PBalfifiodd €CaaityOnhit//Mwecesd Wi th
in order to performa_certain task of the machine domain. I't would 2 5

t her ef ore be uebp.edwtiklabrow/publicationstt9d@3.p#ful d gui de users through the many

options they may ha s age of e interaction. . interfaces that
adapt their charact &eﬁ’*-?{(?‘?@“v%eof“?%?g‘°%$p‘l%e ﬂ@e@&ﬂ?"&i}r@ﬁﬁ‘@&r&f So%ss
adapti ve i nt egfmce®7. These interactive software systens inprove their 3 0

ability to interact with a user based on partial experience with that user.
The user' s5deci si onM.d¥iitehellaAn dutchydustion toeGertetic rAdgorithms. TR Prass,si99por t

| earni ng. Every ti .1 Al pterf u S Spne choic t he. human

ei ther accepts t haﬁ)réé‘g%?mbﬁdgy?%ﬁ%ggp@é%ggﬁgimé&mgﬁ%sYMack i s
explicit or S'a'ﬁpédgfarhﬁﬁd%%ﬁgﬁﬂgé,Uoﬂﬁ&)ﬁﬁ&ﬁbﬁs&@ﬁ@ﬂCM,VoT@q,NB! 7 Pabdgsgener al
features may bé desirable 1n a user interface: * Nat ur al pressi on:
The user shoul6d, B94abl e to express his or her 5 iteiitionis as

freely and naturally as possible. Optimum Interaction: Interaction should
be limted to the situations in which the user is in doubt as to what

she/ he can dojnext @es%‘ljﬂé‘oﬁlb?k@ﬁtéa%tdo it, or the systemis in doubt as to
what the user intends To do next. Note here that |ack of

i nteraction or feedMasthimaymathineiytetfacesinuisetodayare edativelylcymglisitedante.

I nteraction is,gonsjder opti.nym.ifit occurs ere i.t is.required, no noré
of ton and no. REEEIEIPEH FrRGSBRHN # ¢ onsairst e epoing mintsE SLsHEES  ne
changi ng cont gy iwhith theinterface is expédtéPlodsbliad efdy ade¥es.i cation, but nore

i nportantly, the system should be able to adapt to the user's way of

expressi ng her/ his iUsewsnsidlyhaverths follawing problems with current interfaces:

15 o Prior to selecting an action, users have to consider whether the machine
provides an appropriate action at all. It would therefore be desirable if the
interface could provide feedback to the user.

. It is difficult to dccess the actions users already know about. It would
20 therefore be desirable if the user could freely express his or her needs
without being bound to a limited set of conventions preset by the interface.

. Users have to imagine what would be an appropriate action to proceed

with in order to perform a certain task of the machine domain. It would

25 therefore be desirable if the interface could guide users through the 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 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




i ssues that are taken into account in this regard are generalization and
contradi cti oworeesensery. 20 ) Ceneral i zati on: An adappebisosagsirem i n
its sinplest féermwi |l learn only the instance-that it has been taught
(imalicitly or explicitly). Generalization occurs when the system uses what
it has learned to resolve problens it deems sinilar. The success and degree
of generalization, therefore, depend on the precision of the simil arity
finction and the threshold the system 25 uses to distinguish

bet Ween sinilar and dissinilar situations:St Contradiction: A system
that generalizes may well over-generalize. The nonent the system s reaction
based on a generiaterfacd suggestssome choitthehurhdieeithecicceSthatRbommendatiBabe, t he

systemhas run into a contragdiction. The 3 0 . resol ution of this
contradi ction i sfe&ﬁtsilﬁﬂwgﬁﬁ‘ﬁmﬂ'ﬁ bask i expliqitar simphyreflestedia theusersibebayiqrr ocess.

| Easi ' of ch ’ em desi.gner shoul d.easily be
abl e 1o upgrade o chamed iR b R BhTR SRRRIR R R BE . o
adaptation the systemNagralEBipressiontSTRS uséhdR 5d1abletoP&HREAE HN ¥r her

possi bl e evensat run- tinf¥Rtidrs a8 frecland Afturally ds poddibleUs attenpts have been
made to reduce the navigation effort in nenu %l erarchies: -6- a

Random access to, nenu 4 &g .. K shortcutsy). . . oi nter setting
strategies for pop-up.d) ‘%g‘]‘;ml’r“Sgﬂ?H n‘%tfgmﬁg?% o Jl?fc ?Eootiﬁsﬁwa?mnenu
item often the nost rg¢ '?‘F seg s i dybt pytg gthatshelhe gandp next or how shefbe rast  ng
user assistance in sel®%i g vmeen&nada' 138 3¢ Whethe sergnteadgyto do next.
grey- shadi ng1®f di sablMefeherfuthat lagk pf interaction oxcfeedbaclp frompthiersystemdondi ngt o
previously sel ect ed obijceessaily ddsjratile.-Inteeartibn & cdfdidered optimumitinstuwhere

dynam cal | y exchanged itisméquired pfmbre)often and no lekesfiegani zat i on of nenus
according to user-specific usage patterns. . Automating iterative

patterns in inteyacti ofy FaﬁBﬁit§X§ t?ﬁiftghé‘oﬁ%%rab]oﬁt the changing® ¥S& o Ch
I's a Progranpg ng- By- EXaiR Roreribiiatid uithdre fthiRHagtly, the system should be able
to adapt to the user's way of expressing her/his intentions. Two main
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 2 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).

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

hierarchies:



whi ch action the user is going to performnext). Mst human-conput er

i nterfacggobopdyr - -are programmed in standard- sequenti apc@/us9snasr?

obj ect-oriented software. Another software paradi gm exists, however, 20
whi ch has not heretofore been used effectively for human-nmachi ne

I nterfaces. Under this paradigm 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" inthe system "Agents" are
conmuni cat i ng concurrent - nodul es, each-@f which handles a part of the '
deci si on-maki ng- process. |If the agents are 25 capable of |earning, they

are referred.to as reMddmia¢sesdfiSmbm items (e eydkafi@iitgs of situations in
whi ch agent - based interaction havebeen used are as follows: . Agent s

can be used to al | gy tom resentati on- of <1 it on.. . fhese
agents preprc:cess ?#é&t%gﬁegﬂlgﬁﬁgegéﬁ gf& %ﬁﬁiﬁiﬁ%‘éﬂu‘gk&ﬁﬁ}fﬂ angﬁjgggéapsnt;que 30
for each individual®$FGap menu item, °§§‘é esrn%séﬁccgﬁt[ly 3%'“? UEY Wet des,

suppl enent? ng user's _know edge with their, own, These assist the current
task by providi ng dPffesingaiser,assistangg impelectingivelid and approptiatetitemst(6/&vat i on. 35
. Agents can lgreysshadingef dishblediepu-itomskear ch ‘and retri eval of

I nformati on. -7- One predom nant approach to the use of Agents in user
interaction has beesctionpesinginglatctirdingtd predbushifeleclibbiects (Bbfecespdciie

responsibjdities iNpawsoPdMindcayexcHahpdd doRvdl hand@) t O a centralized
architecture. Nevertheless  many real world problens 5 are best nodel ed

using a set of coopgratina.intelligent st.ens. Qur..soci et for exanple, _
consi sts of rr'any iﬁ@eeotr%%lﬁgﬂﬁn8%“?#‘%@290@?‘%0gseer”spﬁ?lg?'é‘??gaxqt‘?{n%del ing some
aspects of our society, it would be desirable to structure our _nodel in the
“'same way. As ‘anot hehutematipg derative pattes An drieastion i(for raseapleattheliEager ent

physi cal 1®cati ons,system; velichziscr Poogremmwing-By-Examplersysteapfhiat entidipatesr
i nconveni ent. | n acdehith actiontbe usgr & goling topebformaéxty.nal 1 si npl e adaptive
agents instead of one large conplicated one may sinplify the process of
solving a conplicated problem In other words, agents collectively exhibit

emergent behavi or, g RuhiifchfAY BerBled BS1afoRE proGRinhRE iR standard

sequential or object-oriented software. Another software paradigm exists, however,

20 which has not heretofore been used effectively for human-machine interfaces.
Under this paradigm, 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 communicating concurrent modules,
each of which handles a part of the decision-making process. If the agents are -

25 capable of learning, they are referred to as adaptive agents.

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 canbe 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. -



as a whole is greater than the sumof its parts. 15

SUMVARY OF Tilp 990¢BsYTI ON The i nvention, roughly described, i nPOTses13377
conput er-i npl enent ed net hod for processing a subject nmessage, by a network
of agents each of which has a view ofits own dormain of responsibility. An
initiator agent which receives a user- input request and does not itself
have a relevant interpretation policy, queries its 20 downchai n agents
whet her the queried agent considers such nessage, or part of such nessage,
to be in its domain of responsibility. EacR-queried agent recursively
determ nes whether it has an interpretation policy of its own that applies
to the request, and if not, further queries its own firther downchain

nei ghboring agents. Thenkpréddaind approachethéadel of AgRARN dsdr Interaslior hdsut her
queries, thereby allowing the 25 first-queried agents to respond to the
initiator agent. bgntoconcentratee largs ik of the intdractionsesporsibilities in aisingleagent,y

det ' t-h, -a.set of t { th t Kk th
"hi £l ator agent SR tha el e Nl PR b Foal PRI PBlES 1 ¢
down each given Raftest Mbidledakiny 282 BF codpeiding el t%ﬁkénﬁ@(ﬁﬂ)éo&i@@?ﬁoracuon

-8- thereon and passing the nessage on to the next agent in the path. In
the event of a cerimpleiconsisinof manginteracting lentities df weare irtiérestedinmuslelingsomeny of

such contradictions acgordi ng t.o predeterni.ned autonatic ,al.gorithnms. If it
cannot resol ve aa&?ﬁ%r_"gﬂ‘?r@f’?‘ "Eﬂg‘gﬁg? itj?,sg?‘rﬂ?l?P Sit‘?‘cﬁuéea‘?"ﬁ?‘oi‘@/\ﬂf UPOF&-ati on
policies necessaiag dn@ther eRin5p18) shilce tdae, sabi Sﬁ%;inﬁ?s’sﬁtatﬂﬁ’ergﬁtoﬂ@%ﬂcmi loé;%ﬂs,h

| earni ng preferably includes i'nteraction with the user (but only to the
ext ent necessar y rentealidedpsobitions bieyofien drrpplicabletdrdndoswenémg Imsdditiors @sing at he

correct |eaf agent |n the network as possible. Preferably, fthough, the

ear ni ng t akad prughensfisgall iabicpdapiisieests fsiepd oEqne liige complicated onemay gry r
DESCRI PTION OF T M%F divil | b4 bafbisy. | K, ALagr am
of a conputer syslgftﬁnm one |ceﬁé gg?tl&lgggaﬁ%a%él?fd}g t@oct)ﬂrlée}s‘teur)l@g’i ?%%gﬁtion
cantbe oper at ed. chllegtivély exhitdrentergenabéhabiogokherk thgbehaviof of the agent pogmiaion

architecture used in the systemof, Fig. 1. 15 Fig. 3 illustrates
basi ¢ functions 3f234® 1%%?&&" tr{eﬁ@%ﬁé@é’ﬁﬁ&enbodi nent. Fig. 4is a
par ti al diagram of a network of agent conmunities within the

is SUMMARY OF THE INVENTION
The invention, roughly described, involves a computer-implemented
method for processing a subject message, by a network of agents each of which has
a view of its own domain of responsibility. An initiator agent which receives a user-
input request and does not itself have a relevant interpretation policy, queries its
20 downchain agents whether the queried agent considers such message, or part of
such message, to be in its domain of responsibility. Each queried agent recursively
determines whether it has an interpretation policy of its own that applies to the
request, and if not, further queries its own further downchain neighboring agents.
The further agents eventually respond to such further queries, thereby allowing the
25 first-queried agents to respond to the initiator agent. The recursive invocation of
this procedure ultimately determines a path, or a set of paths, through the network
from the ini_ﬁator agent to one or more leaf agents. The request is then transmitted

down each given path, with each agent along the way taking any local action



agent-oriented interpretation unit in Fig. 2. Fig. 5is a flowhart of an
AGENT ST%%SQd of the nmain object class. 2 0 R ErnuSeoiss@

fl owchart e PROCESS MESSAGE step in Fig. 5. Fig. 7 is a flowhart of
the nmethod perfornmed by an agent of the main object class in response to
recei pt of an ADVERTISE performative. Fig. 8 is a flowhart of the net hod’
that the agent uses in response to recei pt of an UNADVERTI SE performative.
25 Fig. 9 is a flowhart of the nethod performed by an agent of
the main object class in response to redei pt of an |IS-TH S- YOURS?
performative. Fig. 10 is a flowhart of the nethod executed by an agent of
the main obj egferdonmd pakiig thé nleSyage ¥R fo theXeRi ageht iREhPpiE | I e GU&IL VOF
responses. -9- Fig. 11 1s a flowhart detail of the PROCESS ANSWERS st ep
in Figs. 9, 10 contradigtipn]the net\gorkmoﬁ@ ablg tookeoive tnamf of such pentresiictions f or med

by an agent of th maln 0 ct. c cei t of RESTORE,
TH S| S YOURSAEFOTEBRICT PEE R’}B&‘ orifgns OI£ | ARt FoBE B he

met hod perf or gegridictidh AGGhatically,t xhqeam ae@bih&e;sreﬁhaﬁ Polified GERVDFE 16 O

recei pt of a USER RESPONSE perfornative. Fig. is a flowhart detail of a

| ear ni ng stepirterpfatthe smﬁectmegsagemopsrlsa Srubb‘mhnmgmreferabmmcludbhottrmoﬁor med by
an agent of the |n obj,ect, class in response to cej.pt ,of an UNLEARN
perfonnati ve. Vi @Et%fh ﬁoﬂ%ﬂgﬂ%“ﬁ@ﬁ ?Pgtpﬁ?ftﬂmbgﬁ‘?c&%ym&ﬂrﬁfﬁgagent of
the main obj egl clséeacashe danreeﬁeaag&thr&he REPIoPE asHosibie! Profer: auﬁ»g éE&a h, the
performative. Fig. 17 is a flowchart of the nethod perfor fan agent of
the mai n obj eddarrohgtakes placeyinone thetleaflagensiitself. of a FCRC;ET PROBLEM

perfonnative. 15 Fig. 18 is a flowhart of the method perfornmed by
an agent of the main object class in response to receipt of an

AGENT- SPEQIFI C per f or natgier DESCRIPTIONOF PHE TRAVAINGS agent - specific
communi cat 1 onfuncti ons which can be pertornmed by a text 1 nput agent.
Fig. 1 is a simplified symbolic block diagram of a computer system on
which software implementing the present invention can be operated.
Fig. 2 is an overall block diagram of the software architecture used in the
system of Fig. 1.
15 Fig. 3 illustrates basic functions of agents used in the present embodiment.
Fig. 4 is a partial diagram of a network of agent communities within the
agent-oriented interpretation unit in Fig. 2.
Fig. 5 is a flowchart of an AGENT START method of the main object
class.
20 Fig. 6 is a flowchart of the PROCESS MESSAGE step in Fig. 5.
Fig. 7 is a flowchart of the method performed by an agent of the main
object class in response to receipt of an ADVERTISE performative.
Fig. 8 is a flowchart of the method that the agent uses in response to
receipt of an UNADVERTISE performative.
25 Fig. 9 is a flowchart of the method performed by an agent of the main
object class in response to receipt of an IS-THIS-YOURS? performative.
Fig. 10 is a flowchart of the method executed by an agent of the main

object class when it receives any of three possible query responses.




Figs. 20,21, 22 and 23 are flowharts describing the sequence of operation
2 0 that thewpebyeek of Fig. 4 perforns in response to certaPOTU§INIBI7 user
voice input. Fig. 24 is a detail of the steps taken by the agents in the
network in Figs. 20 and 23 to resolve multiple downchain claimnts of a
message. Fig. 25 is a partial diagramof an alternate network of agent
comunities 2 5 within the agent-oriented interpretation unit of Fig. 2.
-10- DETAI LED DESCRI PTI ON The net hods and techni ques ofthe present
invéntion can be inplenmented in software of al nost any type of conputer
system m croconputer or enbedded processor. As an illustration, Fig. 1 is
a sinplified synbolic Fpoks aflegchan defailnféche PROGBSS ANSWERS tstep isFigs. & on
whi ch software i Iemant%ng the present invention can be operated. The
systemofFig. 1 16,d2#8dd3a cpU 110, whi ch may be, for exanple, a Pentium

m croprocessor avail abg; i orfial i ni a.
The CPU 110 is connec?ﬁelg' {%ﬁ?d@%{ﬁﬁ%ﬁ?ﬁ%ﬁ&ﬁ%@@%ﬁl S gg’ﬁ%%@%‘é ofglretrfx]égfri to a
core logic chip gkjectilhssinrdpensaarmecsiptafa RESTORE, THESIB+¥OURSioc COMMITIO set
114 al so connects to the nenory array 116. The core logic chip set 114 is
further connebt eBETB¥IALYS® an | SA bus 118 and a PCl bus 120. A standard

vi deo adapter 122 is cgnn fur r i a

di splay nonitor 124. A? éﬁégﬁlgﬁgéﬂgfﬁu?gﬂ{%é&%{g@@%ﬁﬁﬁgé@ﬁ o\t/':fh(;‘e i

vel | - known neansobjectichies inésponse 1d teceipl bfa USBRORESRORSEpetoimativennect ed to a
standard sound card 128, which 15 is connected further_ to a m crophone 130
and a speaker 132 usedFigol4 igadlowgehart detpihoks lgamingftepin&igsydt em of Fig. 1
further has a seri al rt 4 i i 0 AL 118,. and
whi ch has an out put 15@%})%%&{@3&9{} Oztgeeira?tg'ﬁ&?gﬁr&g?%?ﬁlﬁggﬂgﬁéherﬁ%ﬁi ne

138, whi ch may, Bﬁjéctmh@spob@taréblgﬁoﬁﬂiENWMEErfmﬁ%n The system of
Fig. 1 further includes a hard disk drive 140 which is connected to the 2 0O

| SA bus 118 as wel | . AEigi 16 jserflayychart ofthermacthodopasformed by aniagent of the mpair pose

of the system of H.g. iS to control.th [ . system 138 in
esponse’ o user ohiritatast ubbobRreiny Ofp BIEFATIIED BAARMAEY 1 50 “Ure
keyboard and nouse 126Fjgt "Pis'd S6WEHAGST tA3Mehbd peifemted D3e8 agdnt f tHemain
operation, when the user interface is activated, software stored on the

object class in response to receipt of a FORGET-PROBLEM performative.

15 Fig. 18 is a flowchart of the method performed by an agent of the main
object class in response to receipt of an AGENT-SPECIFIC performative.
Fig. 19is a flowchart of the agent-specific communication functions which
can be performed by a text input agent.
Figs. 20, 21, 22 and 23 are flowcharts describing the sequence of operation

20 that the network of Fig. 4 performs in response to certain typical user voice input.

Fig. 24 is a detail of the steps taken by the agents in the network in Figs.
20 and 23 to resolve multiple downchain claimants of a message.
Fig. 25 is a partial diagram of an alternate network of agent communities

25 within the agent-oriented interpretation unit of Fig. 2.



2s hard disk 140 is brought into nenory 116, either entirely or as needed
to perfor myblvegigncti ons of the system Fig. 2 is an over alpctalsoshkssgdy agr am
of the software architecture used in the systemof Fig. 1. It conprises a
speech-to-text converter 210 which receives input WD 99/ 66381

PCTI US99/ 13377 -11- fromthe microphone 130, and provides textual output tO
an agent-oriented interpretation unit 212. The speech-to-text converter 210
can be a conventional software -product, such as "Naturally Speaking"” by
Dragon Systens, Newt on, Massachusetts. 4%X0-communi cates with the ;
agent-oriented interpretation unit 212 via s standard W ndows95 and W ndows
NTO nmessagi ng servi ces. The ag®RETAINLEDDESCRIFIIONt ation unit 212 further
has an output connected to the speaker 132, via a standard text-to-speech

converter 213. The shiefrethodsanditechpigues ofthe presept imveniioncanbeimpleneentede user .

Agent -oriented.i ret.ak | h t put i rives
the control i ﬁg&?ﬁ%?&t@eﬁﬁgﬁe%g%ér#éﬁ% n{ ;}g{?‘smf gﬁrﬁrﬁgor@?utg orfﬁv.l\fdﬁeﬁ%rdj 10
conmuni cat es vprobessdie AN avillastrafidd, Figd ik a shaslifidd spntsotic bRfek ¥agdiin 8F &S Nat i ve
or backup neans for communicating wth the user. Individual "Agent Functions

Fig. 3 illust riapeefcomputessystem omwhich seftware implementing tife pagsentinvention car e used

in 15 the present | . D ' agent 310 conprises three
maj or porti ongl:§e egagér?%uoﬁllegg{llé%ﬁgﬁ hi {n%fy%! aa"ép‘r’gx%r‘ﬂ?é&lmﬁb%f%%fn ®a
speci al i zed prorRatuf® wiirbpdiéssord BvaAlRbBRIfFERN el \Cbiloraion, Mahta2ddhi ve (do

not learn), the rewards unit 314 can be omtted. The commrunications unit
312 and, if itCdifpmia TheEPHll} sconngcteditona CPEhbushEl2, odnicht istasheected’ whi t e

box" portion o e e i ke 20, special pr ing unit 316
constitutes a élglt"grcﬁ?%é’xé loﬁ%gp‘lttﬁ‘po??rtgid' fid.a ey ¢ eﬁ%ﬁﬁﬁrﬁ%ﬁ{g’% Bunit 312
and rewar dso Uniet 134 41sa/confictsciortasl memods afrie 116\ The cBRNoghahi e 1145 W | | be
apparent below, their internal functions are visible to other agents with

whi ch the agenfurthencemnested ibotht tosan I8AdwIs 4118 pnde 2T bng 12hi A skidaidsvidesf er r ed

to as a "bl ack box" cause its f i on re unijgpostant .o, and.therefore
25 hidden fro _ap{eﬁég?#tcgp{’% ﬁ?‘@%ﬁ%ﬁ%‘&?i%ﬁ _“un% VgWS’F&f‘)’IE‘_%_&V%‘t em The
primary respongidiA kéybosd ahd & mea§812BIafédnfbiedNia velk ko nietnd 8 ¢hd IStaat €

bus 118. The ISA bus 118 is also connected to a standard sound card 128, which

15 is connected further to a microphone 130 and a speaker 132 used for user voice
interaction. The system of Fig. 1 further has a serial port 134 which is connected
to the ISA bus 118, and which has an output 136 connected to a serial control input
of a machine 138, which may, for example, be a home entertainment system. The

 system of Fig. 1 further includes a hard disk drive 140 which is connected to the

20 ISA bus 118 as well. As it pertains to the present invention, the purpose of the
system of Fig. 1 is to control the home entertainment system 138 in response to user
interaction occurring via the display monitor 124, the keyboard and mouse 126, the
microphone 130 and the speaker 132.

In operation, when the user interface is activated, software 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



communi cative functions of the agent, including interpretation of nessages
and routing ®foémsssages to other agents. It conprises an i NpPRCTUSY13318B,
whi ch recei ves -12- input nmessages from other agents. These nessages nay
be in an extended form of a standard agent comrunication | anguage, such as
KQW. KQW is described in the above-incorporated KQWL 1993 reference. The
extensions are descri bed bel ow. As used herein, the term "nessage"

i ncl udes, anong ot her things, queries, 5 conmands, and responses to
queries. Input unit 318 perforns some pretlhinary processing on the input
nmessage and passes it to an interpreter 320. The interpreter 320 deci des
whet her the i nputfrome skagdcrophone t 130N ahd @rolidei rxmbl beippons iahi dgeityoridhtddhe
agent 310. As used herei,n, a nmessage is _considered tgo be within the domain

of responsi bil it yntetpreiation it 2% nkhe; speechgo-texpiconyratendkQ cancbe aconventiongls | ¢ |
oL responsi il LY | oo . T
speci ol processi ANt fEfas “RARI Kok RRROBY Thhidr KustbmE NewtlE |\

responsi bility tQfissdcbusasElt osthinOiicdtes wittshe fgept-bieritdtineRFa@genuit2 12 Ria
response to part ofthe rressagg), and/or (b) the nessage, or part of it, is

within the gi\en stagdard Win ®and Windayy messapgivg s¢rwices. The ggenteorientade

t 310 k f 5 furth i th
Shoul d be r out ecyntoReiatohpa 313 ofiner ek Af pufiHE Phrbeled MBS SAGRRCPROMG, o &
nessage to nore tshafar@nexiitoisheiRh cos@iter 20BUSTHe! spedkeNn I3 Z LM ifbd Hravidignd

agents. The interpreter unit 320 refers to an interpretation poﬂacy uni t
322 to det er ni ne feddbadkdto theuser. nhgent-pretedatarpretption it 2 1futberdianamgutput
responsibility of .the,20 .ageni 310. i nterpretation poli [ t, 322 can
be, for exanple, "Q“‘?b%‘r"&s 8%?%‘%‘" R 1%’“\?5?%0%@"?/\5& a‘wﬂgéﬁgﬂ% 1% r"_r%rtprgssage
that the agenty 3k@mintunRaRh WiBGhd splBE PENindSeyTdirdmbal 26224 altB@herd &S What
the agent 310 should do in response to a nesSage containing a token that

t he agent has redagnipzechns farcbmmabicgtingowith thetusegssenti al |y, sone

predeterm ned set of policies is preprogranmed into the 25 interpretation
policy unit 322 for each agent by the designer ofthe system in order to
ensure that the systemw || be fumgdiviamal AbERTRBoRE€0! NNiNg. I n addition,

for:agents which are adaptive, the interprétation policy unit also receives
i nterpretation policieFig Bdinstrates thewhasid fungtions 1he typaotagenta thet arpg usedlinl e

324. At the tisrre tgé ptrer;gnt embodiment. In particular, an agent 310 comprises three major

portions: a communications unit 312, a rewards unit 314, and a specialized
processing unit 316. In embodiments which are not adaptive (do not learn), the
rewards unit 314 can be omitted. The communications unit 312 and, if it exists, the
rewards unit 314, together constitute a “white box” portion of the agent, while the
20 special processing unit 316 constitutes a “black box” portion of the agent. The
communications unit 312 and rewards unit 314 are referred to as the "white box"
because, as will be apparent below, their internal functions are visible to other
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



WD 99/ 66381 '

PCT/ US99/ X33 ¢djes3d3- Systemreset, the information in the i pEpamRegziaasd on
policy unit 322 reverts back to the basic hard-coded start-up information.
The interpretationpolicy stored in unit 322 therefore includes a preset
know edge base, as well as a | earned know edge base. In a systemintended’
for use with different users, several |earned know edge bases 5 are
acquired on a per-user basis. The |earning nodule 324 is responsible for
contradiction resolution in know edge bd8e entries with regard to feedback
recei ved on the processing of previous requests. Previous requests, and
their ultimat gnpit essapds fidin M&hag;ntshwh@gmsagé@mﬁb@inain%&t&aéu fFmioF a
tenporary request storage unit 326 in anticipation of their feedback. 10
The i nt er pr et @stapdard agerd communisationdangnage sueuasii QMLa KQMlirisdesciibrslin 328,

whi ch maintains an _address |i er .agent s, known by the ent .3 10 to
be useful, or rillFn?) eﬁV%%aQSZ%?ﬁ@i%%oreﬁgg'écea be, 3’?%‘%/’? (31 ‘%g%'@&gsi ng
certain i nput pblodt AARBOherti, e SRS TRAsRY” ﬁmde%smbng%mer thihgdOfidtes3 10 may
pass nessages to ot her agents when the agent 310 has received a nessage
that it do&s EOM&NMWSD@SQHOC%\QﬂGH-e (?322 a que\rA% fO[ hv\,hi ch Ehgrlg ihs
no entry in the interpret. n_policy unit . or . when, t.he agen as
processgd a nessagﬁ%{ﬁﬁ“ﬁ‘ﬁﬁ%}“ﬁ%ﬁ%ﬁrﬂé@gﬁg?cﬁ%083%?-}“@-&1}%5%&1 as a
result. In then@phQel iR in idRSsreleP 320 MERSintorprBlef 370 AGTAs WiRtherthedfjflitess. and

there is a special nane-server unit (not shown). The name-server ‘unit

provi des agentngessagefis withgn thedompireofrdsponsibibity ¢ agent 3 Hb Asused herefrhat new
agents can be introduced.to.the systemat run.tine.. The address |ist kept
P the addr oo aBtASE ISEABSARE FRIbBUTEY DR AmAT G cTRRBREATE of SVABR L | may
be I'imtedq i fay bR AREALe, ! Hi2bart IRt ROwRhini fHe' PR GBS Nosal"BOmMAE dfePt out .
It may al so contain information (such as perfofnmance or accuracy
statistics) omespgesibilityt(he thesperidl processing unit<i16 of ¢hpagents3 k0chas litselflpgent 310
(soneti mes refer.regﬁho her ei upst r eam a%ﬁnts") In may ways, the °*

0. 2 "
addr ess book 35BEVRIHESPHY aﬁ?§%fai3§°'3 AN TP torhe mps AtBt i on
policy unit 3 rdgongitd phﬁ%fgi&l@lgéisdg@), 2R4YBr @ BRGhd¥EAPeSor faltCofit\i wittlid fheal ©

i mpl enented as a single nodul o
given agent's downchain domain or responsibility (i.e., the agent 310 knows of one

15 or more further agents to whom the message should be routed). Note that it is
possible for an agent 310 to forward a message to more than one further agent, thus
creating competition among agents.

The interpreter unit 320 refers to an interpretation policy unit 322 to
determine whether the input message is within the domain of responsibility of the

2 0' agent 310. The interpretation policy unit 322 can be, for example, a table
containing various words or tokens in the message that the agent 310 is assigned

to recognize. This table also indicates what the agent 310 should do in response to

a message containing a token that the agent has recognized. Preferably, but not
essentially, some predetermined set of policies is preprogrammed into the
25 interpretation policy unit 322 for each agent by the designer of the system, in order
to ensure that the system will be functional from the beginning. In addition, for
agents which are adaptive, the interpretation policy unit also receives interpretation

policies from the rewards unit 314 via a learning module 324. At the time of the




-14- The address book 328 communicates with a useful agents unit 334, which
stores a knowipaegegsshase of useful agents in nuch the sane waPCTiU&99/138E
interpretation policy unit 322 stores the interpretation policies for the
interpreter 320. In addition to entries preprogramred by the system
desi‘gner, the useful agents 5 wunit 334 also contains entries which have
been | earned and stored there by the learning unit 332 in response to
feedback fromthe rewards unit 314 and entries which have been added due to
recei pt of a Register message from anot hért3agent. The agent 310 al so

I ncl udes an output unit 330 which is responsible for sending requests or
out puts to ot her systpenyieset)tbe infprimhtiordnl thearg erphatationddbcy unit 382 eevéfls baekbwitie nent |

the output unit 330 adds confidepce factor.to certain_ of the, nes es
hat Tt Cout put s BARGRGRORH SRR BRI e RO PO OO BR dEde or
redirect input ng g&&g Eﬂ[x%) | e Ll SHkn ldgpce
factors can be EE% mZIr']d‘f%é% geesnt %é‘%gg%gh%ésjvgﬂ%srao@?gugge@??ﬁgﬁs made by
conpet i ng agent sIndsystem/atendafondsedvitindifferent usersf several lbameabianmiwlQike bases

The rewards unit 314 processes two kinds_of feedback: incom ng and

out goi ng. An 8gefte asguired; op AsprETsE basiss oFhegleamingueduie 3ahds mepansibia forg

rewards that havg,h J)ﬁfksaﬁﬁ&u}\%}é&lﬁt}%%%&%&ﬁ%@%ﬁ&%ﬂbf&%%ﬁ@%ﬁe&r om

for exanple, a special purpose age eterm nes

whet her user i npgh tkeprockisitigesf preeidhaedqueaqaPebvitgstroquensCaft thigir hiltintater
unacceptability of the systems 20 response to a particular input nessage.
When a reward r eéispesitionyethindeegent 310, argaisodtoredhing temppreng raquast siosageyniti t sel f

what portion of 5%?1?@%‘3"@%@‘19‘3&% 3 tcgeclbtaclgeserves and how much shoul d be

propagated on to e rewards unit 314 provides feedback to

the | earningignit 324 THe inGGMefs anit 3206 Rer'comatudizates with Bahddrbs bbek SZ8r et er
320 can update its interpretation policy. The rewards unit 314 also 25

provi des f eedbackhich mainspinsancaddrssslistof gents knoviniby thesgent3ag tadusef8B2 t o
oo 200 5P B L i A b SO BB R AT A
\t/)\g lnff it f r 2?_ f eedfimekbe proBessQV By tHe agtnt 8103 14n et PIOMay!fash aREAREItolEee as
agents when the agent 310 has received a message that it does not know how to
15 handle (e.g., a query for which there is no entry in the interpretation policy unit
322), or when the agent 310 has processed a message and one or more new
messages have been generated as a result. In the embodiment described herein,
every agent has an address, and there is a special name-server unit (not shown).
‘The name-server unit provides agents with their unique addresses at run time, so
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.



The rewards propagated through the agent network m ght in some enbodi nents
be direct ?%gkgjsications of user states. In nost enbodi N"eRicgyudagyRyer. the
rewards will constitute interpretations of user actions made by an agent
which is responsible for such interpretations. 5 The speci a
processing unit 316 is the portion of agent 310 that does the |ocal work
for which the agent 310 is responsible, other than routing. For some agents
in a particular enbodi nent, particularly some agents that are | ocated deep
in the interior of the agent network, thkdr role is mainly to direct
requests to the appropriate agents and | earn or resolve contradictions that

may occur at their 1®hejddeess bosk 3Rwoniniftatagnthausefulfpenfemit3t4 Aagessi ng
unit 316 is extrenely sinmple or onitted entirely. The special processing

unit 316 is softeresnkdnpwledge hase of nselil (pgants Hn" mueh: the, same [yeayathet there

designer of th ] I ih aor..she. deens, suitable to
I npl enment the ﬁ%%é%{ag%gggﬁﬂhﬁﬁg%? 3}‘ {ﬁéeré)fg&?}?? gﬂléﬂ?sgfoﬁg‘eamﬁmﬁtﬁr agent .
The only const 320, I additine6leried frepropRainidd Rt ROy SenHesighdr! thehefillagddat 1S
it is preferably limted to the facilities provided by the comufi cati ons

unit 312 fob ierjt 3¥halseicentring estrigs vrhicht keve bege lramed rind stqred ithdre py dhessi ng
unit 3 16 is used.primad,l.y by agent I,CR interact ,out.si of t he agent
networ k. Agent ’zﬁ%@p‘%@% lé r?%apn%gtg ﬁ?&%‘%ﬁgmgﬁﬁw auds '6‘?‘&‘ gg ﬁ"é\@'gﬁf’% . These
agents gener al {hicHBBGS e al @EURBE réteipt OF b RAfiSter Midage ROAPABRHe bnt N 2 O

t he agent network, or sinpl gl out put results. Anot her "exanpl e of a speci al

processing unit 316 The ggenkx1Galsgincludesameoutpntunindi( whichis respansibledopr ogr am

whi ch has been_"agentified". Pr ans can be ragentified” dding a
communi cat i onssel.'i'ﬁﬂlg rgglt&s‘{esaog @E@?§§1§rﬁ%qsegﬁé1s1n§q§e P@Xﬁ?’g’émgﬁgg i’b&ﬂe as 314)
as a transdgcegmbiimest Me oBPLIVBRR F30Cadii Hcbifiedte FRMRHARBRY oP iR
agents. Transducers are described in, for exanple, the above- 1 ncorporated

Sof t war e Agent megragesrthathioutpute based oh thedntegpretatinns thabrwere agde 06 resslvegr a
transducer to "agentify" an exigsti r.ogram.is.that the.transducer

Fequi res no. knBaeadRr e Al Brf B HeRE A b f A eSS Son

comuni cat i on hgdkad when the agent 810 KdskRBosen BRMAAEER oA InARDY Chipétdiglagéhté W apper
and rewiting) are discussed in the above-i ncor(g)orat ed Softwarée Agents -

paper, by Genewhpdaye respongded to queries from the agent 31

15 The rewards unit 314 processes two kinds of feedback: incoming and

outgoing. Anagent 310 isresponsible for distributing and propagating rewards that
have been fed back to it. Such rewards might originate from, for example, a special
purpose agent (not shown in Fig. 3) which determines whether user input
constitutes feedback regarding the acceptability or unacceptability of the system’s
20 response to a particular input message. When a reward reaches the agent 310,
rewards unit 314 determines for itself what portion of the incoming reward it
deserves and how much should be propagated on to other agents. The rewards unit
314 provides feedback to the learning unit 324 in response to such rewards, so that
the interpreter 320 can update its interpretation policy. The rewards unit 314 also
25 provides feedback in response to such rewards to the learning unit 332 to assist the
address book 328 in adapting to the needs and specifications of other agents. In
addition, in agents whose special processing unit 316 can benefit from feedback, the

rewards unit 314 can provide feedback here as well.



I nt erconnecti on of Agents 5 The agent-oriented interpretation unit
212 (Fig. 2)wbnskesdes a nunber of agents simlar to that of FHUSW/I3¥Wdch
havi ng a donmain of responsibility. In one enbodi nent, the agents are

organi zed as a hierarchy. The top-|evel agent acts as an input agent,

recei ving nmessages fromthe speech-to-text converter 210. The nessages
propagate down the hierarchy to the (hopefully) proper |eaf agent, with 10
each agent al ong the way perform ng an adaptive routing function. In
another embodi ment, the agents in the agét-oriented interpretation unit
212 are interconnected in a way that does not neet the strict definition of
a hierarchy. That is, The rewardplpeopagated dhmougtn $kes agapt metwrrk might imsemeedi at e

agent can transmt, a, nessage.to a single le agent. As anot her .exanpl e,
agents further defpediments %tqifée"gtqf‘ﬁfg{zl%ﬁjé"”éa ‘t‘sregﬁgaltﬁst I?éﬁ??és“t“g’m%p to

other agents thaj, gL, g %&bowﬁlcéo%?@cﬁté iﬁ%e%ﬁ}ﬁtfa{i&ﬁ%f u%&lezEHtilms Hﬂdfgi}“ti%e

enbodi nents, the arrargenent of agents mg or exanple, satis
definition of a hgepewhichixrdesponsiblesordmsle ntdrprdtations he above- i ncorporated
Sel f-Organi zi ng Synbi otic Agent paper. .In general, the arrangenent of
agents in theSagent - or Lahsnseial proeaspngwnit 3 sﬁmnortmf@aﬁmééogkaéép? B as a

2 0 network. It | &%&gfgf»&_@gzgﬁiegggxg $158 rIy SR, ok maﬁg?ﬁﬁ}gr Hee @&gﬁhi es

. O .
are speci al caseg of . hernore; a si’'nple c agents is a

speci al case of ggditsinarpatiicuRfemBodimeg| partigiily someagapethathredoceedafeep chai n

of agents. Al these forns and others are considered herein to be kinds of

networ ks. The di fofthe interiopf tesagent networketheisirRledy wamlytocdireshFrapestyto thet h

each other 2 5 in 5 Lve. | only
P S0, M lea O feRolv 8 EEMABIAEL 5P o) bGP IAE

froma predeter nfirfs er agents eferr rern as

"upchai n" agent Sjuntsird. [Fer thebeapekts, the dpeuiit picvessingrmiti3 6 Guetiehtlyesidple ofmands
only to another subset of agents (referred to herein as "downchain" agents)
in the network. Buwittedsntitelst sTherspecialpsecensing wnit 316ds sometes referfedta bggeinnew

agents comng onli can a 0._he ' ' nts
for their pros pe&? ﬁéa%ﬁeﬁg‘%%&ﬁg%%%ggggOE%E%Z#MP%E%%JMIE%E ve,
for exanple), anghddemk Suifibleddtplemer 51864 provaseAatiquedo b requifnRets(@fi @ an
UNADVERTI SEper f ormati ve, for exanple). Becausetheagent networ Kkt oag_l ogy 5is

not restricted i ngivepageny, Thenalycpastraintplacedonthe spaciat Processinaynii dimisiBatn of
15 itis preferably limited to the facilities provided by the communications unit 312 for
its communications with other agents.

The special processing unit 316 is used primarity by agents which interact
outside of the agent network. Agents responsible for user I/O are examples of such
agents. These agents generally generate requests or initiate reward propagation in

20 the agent network, or simply output results.

Another example of a special processing unit 316 is an existing
conventional non-agent-oriented program which has been “agentified”. Programs
can be “agentified” by adding a communications unit such as 312 (and optionally
a rewards unit such as 314) as a transducer to mediate between the existing

25 program and other agents. Transducers are described in, for example, the above-
incorporated Software Agents paper, by Genesereth, et al. One advantage of using
a transducer to “agentify” an existing program is that the transducer requires no

knowledge of the preexisting program other than its communication behavior.



another agent. If desired in a particular enbodi nent, the agents in an
agent net woplo6dfy P€ grouped into agent communities. A "coppiRishofizzpONnt ai ns
one or nore agents, all having the sanme domain of responsibility. In a
degenerate case, an agent by itself 10 also constitutes a community of
only the one agent. Various enbodi nents can enploy different conventions
for communi cati ng between communities of agents. For exanple, in one

enbodi ment, a query is perfornmed only of an entire community of agents, not
of any single agent within the comuni t3lé-Responses may conme fromthe

I ndi vi dual. agents in the community or, in an enbodinent, only fromthe 15
communi ty as apiePhpbroddhes to afendfitstion wRhpber aid ASRTing)AteCdiscussel 3h rtl'bemc a
communi ty of agents can bed\guerl ed, in an appropri atg enbodi nent, by
querying the icogpondtechApftwatetAgentspaper, bif Geneseeth, tehal. quer yi ng of a
group of agents is considered herein to include the querying of one or nore
agents within the group. Note that other types of agent groupings are
possible in a given enbodi ment, jptpenneb@oh éf Agerft®MMuNi ties. Note al so that
in a given enbodi ment, not all agents having the sanme domai n of

responsi bi |5ty need The dgentaptidnted inteepretation anit i (Fig.. 2)\ichnded asiugibengf a
network such as that in .the i rpfetatiron unit 212, the spftware as a
Whol'e' tan be tsestgRmlsF tadfas' gie of.yeacl hiing A Jomainof esiopsiatie: Inpne
requests. The i Mydm ' éh‘ﬂfz‘é agent
nodul es 25 théat rray&?%“tea e:nt%‘irrgg%'e reg(&%g%‘gﬁt}%t %ﬁ"%g‘%@f?ﬁf%%% ably

t he desi gners af inpiiteageyts reneiving meshagéssfroranhe speectato-texeedndemer 240t MEheOvVer al |

responsibilities ofthe network, to bregk down the system as they feel
suitable. Hi er*&?%?ﬁ%@f%agsﬁmté?@eﬁﬁ% i%ﬂéﬂ@ﬁaefa@ém@eééﬂafﬁ@n adthgned to

be responsi Pl e fRbodih Glomk Thi &ﬁ"ﬁﬁ& b bk ; apsystem It is

advi sabl e j(ﬁuteafr‘{o'fage]{s%gé’%i aI?ﬁ%ﬁf ea nggﬁ?%ggut&%ftuﬁ%}o#m einits

responsi bi l'i ti es andnascthendnitediment theagdatsimthosgeni-briermelintetpretatibieurio
enhance its learning abiliti ea.inToo 8r eat. a proliferation of sinple agents -

i's not al ways ZdvPSaBIECAnpHE oWBY, Eat dees pplemstethresitirt slefiptien\iia e box
shoul d be takefielafthy. Phéi A Rird@iriib O somd a3/ Mor AR Bhe Tl et B PN DO

repl aced at run-ti ot her re conpl ete agents. e rep can
even be a hi ertransimjt aomessagewor kingle leafagent. As another example, agents further down

15 in the structure can transmit requests back up to other agents that are higher up
(closerto theinput agent). In some embodiments, the arrangement of agents might,
for example, satisfy the definition of a hyperstructure, as described in the above-
incorporated Self-Organizing Symbiotic Agent paper. In general, the arrangement
of agents in the agent-oriented interpretation unit 212 can be described as a |

20 network. It will be appreciated that hyperstructures and hierarchies are special
cases of a network. Furthermore, a simple chain of agents is a special case of a
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  inthe 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



agents (sub-agents) breaking down the responsibilities of their
predecessor . whefedggat ure provides for the increnental desi gpcHos9y/13377
eval uation of software. 10 It is desirable that each agent's
responsibilities and actions be clearly defined at design tine. As
ment i oned above, it is also desirable that many aspects of the white box
units be preset for each agent according to its definition. To have a

wor ki ng system from the begi nning, the designers should pre-define the
prelim nary conmunication |inks between tti§-agents at design tinme. It

shoul d be 15 noted that these conmunications m ght change through tinme, for

instance in the gasethaf néwggentiicofthgConling caif ask eyBE addedé the likhoEdovaidRain
i nportant phase in the design of software with this nmethodology will be to

det er ni ne the pasagedntsifpethéinprosppstivenipghain neighbors; Gian ADVERIISEperformativegh t he
precise details of how they wll eventually co ni e.WMth e .ot her may
not be known at g:ésqxawp{ainéld aﬁ“@ﬁl’&? I’nﬁjﬁﬂgsgg%uﬂﬁﬁio |bﬁ.r51.np§; E‘gﬁ a’élgent
networ k, many ag@mmwmﬁ&mﬂiv@;fef@ﬁ%ﬁ?,maﬁ@kﬁé&\gex&heﬂvdoahowrogy nal
routines. However, some special purpose agents may be used dependi ng on the
appl i cation, Bor isencdrpiteictedhiyeartyswayi, rope tagenti can devboth wpahiaini andt dowrichajn 25
requests to the ;ﬁ/%é%m Qr an agent which interprets the actions of the
user as differentt &M ot reward. Some of these special - purpose type

agents wi |l now be desﬁ'rdbﬁ{%q-inagartiéiﬁarMﬂheﬁﬂ%&enﬂsﬁpm%eh&&@&kﬂﬁ; em

may be from nore than one sourc In such syst'ens,” one or a network o
speci al purpose beagnetpaigjptotagenticghmmulpities. nA [ cahandynityll cottainm orieyorinmre agents; om

di fferent sources,jnto one regquest, and/ gt determ ne commands that all fall
into a single reblhavnethssame “‘é&(‘éﬁﬁfﬂsg‘?"s&hti’ﬁ’éaG%F‘e@ter?é’f%%?geﬁt Wi uage
("NL") input4hS: a1 HRLd R SF t aggﬂs | ' at an
Itemon the &Psp?lgé/?&gﬁﬂﬁl&pﬁ?o@ggﬁp%%h ﬂlp?e‘irhf%o m iﬁ(va Sﬁgﬁpgﬁmg Eé?]?fyi ng
t hese two i nput semaplogn diffenat eonventions for domnemivating/etwagudonemuritibs o€ agdnts  al so
fromthe use of input agents to determ ne t.her?nd f an_.inpyt stream For
instance in NL iﬁﬁ@m@pﬁﬁpa%em@%av?ntmueww qqnsfig%‘yy?ancﬁmae ORI o y

lon 9 pause, coul gedeh& %k Bfanl BRgte BgknPHithil thetolitifity "Responses may come from

the individual agents in the community or, in an embodiment, only from the

15 community as a whole. Thus, as used herein, an agent which is part of a community
of agents canbe queried, in an appropriate embodiment, by querying the community
of which it is part. That is, the querying of a group of agents is considered herein
to include the querying of one or more agents within the group. Note that other
types of agent groupings are possible in a given embodiment, other than

20 communities. Note also that in a given embodiment, not all agents having the same
domain of responsibility need to be within the same community.

When designing a network such as that in the interpretation unit 212, the
software as a whole tan be thought of as a society, striving to satisfy a set of
requests. The input requests are therefore propagated, processed by agent modules

25 that may in turn create requests to other agents. Preferably the designers of the
system will devise aninitial breakdown of the overall responsibilities of the network,
to break down the system as they feel suitable. Hierarchies of agents are possible

and agents can be assigned to be responsible for the minutest processes in the



different policy here would be to interpret the innput in real-tine and
redirect o G%gie appropri ate agent. Feedback Agents. Anype@gagbliyf7System
needs a rewar eedback that tells 15 it how far fromthe optinmnumits
responses have been. This reward could be explicitly input to the system
or inplicitly judged by the systemitself frominput responses. In an
enbodi nent with inplicit rewardi ng, a feedback agent could be responsible
for the interpretation of the input behavior and translating it into
rewards. The criteria to use depends oml8he system For instance in an
interactive 2 0 software application, a repeat of a conmand, renmarks

i ndi cating sakystehadt linadvisabldi (banhotséssenitinl) thatcaeh apeitbe Kept Whsple ireiisiest s or
ot her such input cquld be translated into rewards to difrerent output. Sone
enbodi nent s hEssponfhilitiesand benlimitedsimthe degisiens it iegds ta makeytp enhance its

di fferentjudg : | [ IM?.«; : - i l.ght be
designed to Zggﬂ%nr%%ﬁlgﬁg 'r;lgooré\}g\gra 5 nﬁg@{)}f%ﬁé}% 'égeéx?{]x(s) pﬁﬁ%“%%%ﬁglbg d

speci al pur pogithed0however] ae thet evertiead adfl ehe white bbk2 skdl® beghkesieht® name
server unit to nake possible the dynam c introduction of new agents to the
system Eaéh W@%@D obtains its nane (or address) fromthis -20- nanme
server so that conflj C be referred to

t hroughout the syst g‘{m& enegﬁoa?‘geﬂélu e%ts}?ﬂlg%%ﬁ‘@%%g&%ﬁ?ﬁlg “39‘5‘{%%%"%% t agged

Wi th a requestomplefeddiiénfsU Thé eéplidehent b evefbel HhiefaréHyCorUsetwoiknat ndwds i ssued
them because interpretation is done on a per-user basis), and rewards fed

back to the spgantn(sabiagents)dueaking daven thedespensibilitigsofitheir predecessos.Bhis
bel ongs. Agen twor k., E iment Flg, 4 is.a partial. dr,agram ofthe network.
of agent connkﬁ?ﬂ%@gov\}&efﬁrgtﬂ?H’é’reé’beé‘h'?g%sﬁneﬂ'fieea%flﬁtfo&?ﬁs8# %n unit 212

(Fig. 2).1bon Fig. 45t Raddkirsblélthat RALIESEAL'S rédPpondibileR indCAUMBHS bé XleaBpch of
which in the present enbodi ment contalns onfy one agent), or an actuator.

Since all of dpénedgpsdesignoiiments mesfionadabpvienit IS also desisahie thahmemmaspests one
agent, the ter "agent” and "co I tw"_ar i.nterchangeabl.y herein
when descri bi eﬁ”ﬁgteﬁoéﬁlrg‘égbeﬁ{g&g?orqg% & tg%cg%%gn&tf’ iltﬁél“ T ﬂ%é‘le%n‘{‘é’ei n the
network of Fi @. whrkisiglispsiért frb her Beginrdng, | the Vdusighers UshoulIs pRAdefiaeands ar e

preliminary communication links between the agents at design time. It should be

15 noted that these communications might change through time, for instance in the
case of the introduction of newer agents. Thus, one important phase in the design
of software with this methodology will be to determine the participating agents and
their capabilities; even though the precise details of how they will eventually
communicate with each other may not be known at design time.

20

Special Purpose Agents
In a typical agent network, many agents have a common structure and
follow similar internal routines. However, some special purpose agents may be used
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.




15 transnmtted. Responses travel in the opposite direction. The direction
of transm ssiwoesbsset her types of nessages, such as regi straPCOASHMF3TT
advertising nessages, is not showmn in Fig. 4. In Fig. 4, input fromthe
speech-to-text converter 210 is received by a Text Input agent 410, whereas
i nput fromthe nouse 126 is received by a Mouse agent 20 412. The agents
410 and 412 are speci al - purpose agents, and each perforns the function of
recei ving non-agent 1/0, converting it to agent format and providing it to
an tnput Regul ator agent 414. The Text In‘“p\ﬁg‘ agent 410 al so performs the
function of determ ning when a request or command fromthe user is conplete
enough for the interprhipat Agents)input@tbzhe systetnt mayhe from morethpn enesoisa. InThe
Text I nput 25 agent 410 is an "originator” .of certain comand rppagati ng
Lhr ough ¢ he. net waidh SEFem, §ne ar a REtwark of sBesial Pumoss npuesels mighh b el c | o

the input that innhﬁcﬁcmﬁ@p% ?Hﬂ;a@eﬁaﬁ%ﬂf&gﬁts%e%awéy t/of Mdeterthfhe T€X!

| nput and Mbuse agents so can omt many ofthe nore

sophi sti cat ed cogpmmiasdsthamnallffsihmto osinglefrequiest sbiasFar exampl2 1if thegserts, nagiraice

they do not need to receive input from other agents, they go nQt need to
s

learn, and th&y Mngusged N innvhisy Tnformationanthis and the mepsessfhenpaintedat ang o
i ngl e destinati . . : :
Soont s 410 and. 41 dislalf BuinpRae it MR Barh g R GAMHEE

all of the | ear ninjaitsas aGhphdreludsyy of the agent as shown in Fig. 3.
Alternatively, generalized, full-featured agents can be used, although

](c:erta! n funct: gns of d;tjiﬁ@ﬁ%@@ﬁ’t@?% equidh benafit glso frpm; the usg of i@@#‘t%ﬁeﬁmdgher
hgont s 410 and. 4 Aatering b SE AP pA b oG inbinek BT Sithe 4 Bidhe @ i SC

(Fig. 3) of tie e PRASH), O€ adeletiely lbig pause, could §edernmifie thelund & the stregiyV AN
nmessage, signal or event is "responsive" to a predecessor nessage, signal
or event if the iffatent@elicyrhess yanld beito inperpret thefippis ie keal-time apd tedifedtiitdqal or
event. If there i}}i an i%ﬁrv ntl ng processing element or tinme period, the

gi ven nessage, e PGP ega ™ can still be "responsi ve" to the predecessor
signal or event. If the intervening processing el enent conbi nes nore 1S

t han one nessage, signal or event, the output of the processi ngkel enent is

C

consi dered "responsi veFeedbacloAgents Any adentiyg gestenynegdsa regrerdioedback thatjells | 1
the given 15 it how far from the optimum its responses have been. This reward could be
explicitly input to the system, or implicitly judged by the system itself from input
responses. In an embodiment with implicit rewarding, a feedback agent could be
responsible for the interpretation 'of the input behavior and translating it into
rewards. The criteria to use depends on the system. For instance in an interactive
20 software application, a repeat of a command, remarks indicating satisfaction or
dissatisfaction, user pause between requests or other such input could be translated
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 2 name server unit to make possible the dynamic introduction

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



nmessage, signal or event is the sane as the predecessor nessage, signal or
event, thiwolged3gr el y a degenerate case I n mhlch t he gi venpoeasegms7si gnal
or event is still considered to be ° ‘'responsive" to the predecessor nessage,
signal or event.) 2 0 The I nput Regulator 414 is a special - purpose
agent which perforns the functions of unifying the inputs fromthe Text

| nput agent 410 and the Muse agent 412. It is upehain of a TV agent 418, a
VCR agent 420 and a Feedback agent 422. The | nput Regul ator may al so be
upchai n of other agents or agent comum&8-es (not shown) which are
responsi bl e for other portions ofthe home entertai nnent system 2.5 138.
When the | nputnaRegseredraso thge oonflicts dbonotmmeanchsqtagems cah berefesradi o t he

query to all of doywnchai n_nei ghbors 416, 418 20 and 422. Fig. 4 also
shows a Query WF 0‘65%%55’&@%?“1’4‘1 UESHE PLGORIpAN ?@éﬁéﬁfe’ﬁi@tﬁ%&f d\yath agent

420, and downciggedly Q&Rﬂ%mﬁﬁ%h@t%ggggﬁ idshr thaf hdssi%sg%f’%ﬁbecaage in the

figure with bro owever I's Inten

illustrate an inferpretatibmis dongi df £ permiseebisis)] amhtewdrdafeddgelto tetsysteln 1t is
not actually present in the e od| mant descrjbed herein. In one enbodi nent
that includes IBERIRORE the Eeguestil ewarg Belongser i ne whet her a message

originating fromthe Text | nput agent 5 410 reflects a query fromthe user
as to a current status of a setting in the hone entertai nment system 138
(e.g., "lIs the power on yet?") Ageit NetworkiEfib¢dingent "Turn the t.v. on").
The domain of responsibility of the Query O Conmand agent, 416 _j ncl udes

that of the TV agentFigi%is apartialdiagram qféhw&\ﬁ%tkr?fesent ﬁ@mwm&gtemthmtlep | t
al so includes -oﬁénté/ ?@'@ﬁhﬁé&&iﬁ{f%% iﬁ#&néega%ﬁ%vdlﬁax%gen? Od' ment

whi ch 10 does para agent

enbodi nent 1de5£genbe@hmfney (eact bf whithcihithe pedserti enibodihking Ronging Sty aneer | es
fromuser commands can instead be included in the Text Input agent  410.

Feedback agent 282D, prancactystari Sincpall pbthe ageps somppunities shoray inifie & captdither t he
b
| nput _message g)%/:{l}{?ﬁe r%l‘%lé‘%agé"l B¥Bld %'{-{.gl eﬁ%%eéfn?&l:ﬁ g# r about

the 15 accepta nacc 'ty oft Sy tems respons

previ ous user hmaﬂten describirigithiQfiguie. CTheGorowarintergandctidg the dgearitinche agent
422 is shown with broken Iines be ause i.t s only optlonal to break this -
function out i PRtWOEk §EKg: A mdiggientne 4“??""(1%“}3?" nduesies sad rommands @r¢ eedback

detection funcih Ml WeshAises ttta'i}a 48 Qbposite direction. The direction of

transmission of other types of messages, such as registration and advertising

messages, is not shown in Fig. 4. |

InFig. 4, input from the speech-to-text converter 210 is received by a Text

Input agent 410, whereas input from the mouse 126 is received by a Mouse agent
20 412. The agents 410 and 412 are special-purpose agents, and each performs the
function of receiving non-agent I/O, converting it to agent format and providing it

to an Input Regulator agent 414. The Text Input agent 410 also performs the

function of determining when a request or command from the user is complete
enough for the interpretation unit 212 to attempt an interpretation. The Text Input
25 agent410is an “originator” of certain commands propagating through the network
of Fig. 4. It originates such messages in response to the input that it receives from
the speech-to-text converter 210. The Text Input and Mouse agents 410 and 412

also can omit many of the more sophisticated communication functions of the basic



user dissatisfaction detection, is included in the Text I|nput agent 410
itself. 2 Owoo99/66381 | N one enbodi nent whi ch does have a sepa&EEsPRIIHack
agent 422, this agent never responds to a query fromthe | nput Regul ator
414, or if it does, it responds with an extrenmely low priority such that it
wi |l never be selected. Instead, once the Feedback agent 422 believes it
has recei ved feedback fromthe user, it transmts a REWARD command to the

| nput Regul ator 414 for propagation 2 5 throughout the rest of the network.
REWARD commands i ssued by the Feedback agéht 422 carry a "TH S-1S- YOURS'
performative, or alternatively carry performatives specific to reward

pr opagat i on. agany; sifitesh¥Cid agawred haBcdive inprt fimnnothér agents theyr dodot abder
agents, only two 3%‘?‘ whi (424 and 426) .are Sho}?{ﬂ'i n Fig. 4. The VCR
subnet wor k is sHEW#M, andihgy ate preprostammed F tansmitall incopingTaesaages to asiffitasi ze
t hat the deci si o | S el || I ' es
routing of a rresds%gg%h# gq%énng' gﬁﬁ'szg%eégchﬁm ¥l§1ﬁ%‘ﬁm§€%ﬁ @é@%&%ﬁ%?g&%@rﬂ

di fferent conpomdnRtcanidimit e inpucurdt3 ¥Y; thd rewands WSl Binadd afl. of The ledfihg
subnetwork need not be further described herein. The TV agent 418 is

upchai n of a Poveepabilifyef thezgentas shayrrindig Ft Alfemativelyygeqgealized, fefbfeatueb  and
a Channel agent 434, r ] rn. | chal s

Magni fication a Ftsf%§%¥5ﬁ;ﬁ@ﬁpg$%%%gnaégﬁ{°ngggé.ﬁegﬁ%’?‘"f w@g@g@ﬁﬁi %ed 438 is
upchai n of a Ri gfid cedsinbthARindtiths avoukf e adged t THehdn-aEbe IRV the Tt Rigut

Magni fication, Right, Left and Channel agents 428, 430, 436, 440, 442 and
434, respecti veland Meuse agents HOrad 4131 parfepnedbathespeqialived processing urib? 1agent
444, whose speci({aﬁ ?ﬁoﬁﬁ?PSi ngcdunit nﬁlG (Fig. 3) functions to unify all of
the commands fromt&r! PoP PR UBEAET™Y nei ghbors and to provide them through
the non-agenigl/ O por t(Ashiséd hérein, 8)givel thélSagdeOiPnak bk RUénd i FefHonsivetra 138
via a single serial port 134 (Fig. 1). The Power, Sound, Magnification,

Ri ght, Left and [@adecassbr mgisages signd or st ifAlxppredergssorsignab prievegiinfluenced
respectively, algo store Ln t hel 5 eci al .P{ocessi ng Uni ta 31q, t.he
current val ue ofthP@vepfangl,Qr vt I JErts 4n ntefVERioE pocessing HEORT TS 138
for which they ajgioteHROBVER | Ressdpe! eCeral SgnabPdi btil AN LrefptihsivaIC kdIdRS @
register for 2 storing the current volune setting so that it can
properly answer predesessorsigna) onénsat. If the intervening proegssing element qombineymaee uat or

444 is a hi g{\lsy t%gr? one rr?nésgagaeg %%tnél grmextretnL "He output of the processing element is

considered "responsive" to each of the message, signal or event inputs. If the given
message, signal or event is the same as the predecessor message, signal or event,
this is merely a degenerate case in which the given message, signal or event is still
considered to be "responsive” to the predecessor message, signal or event.)
20 The Input Regulator 414 is a special-purpose agent which performs the
functions of unifying the inputs from the Text Input agent 410 and the Mouse agent
412. Itisupchain of a TV agent 418, a VCR agent 420 and a Feedback agent 422.
The Input Regulator may also be upchain of other agents or agent communities (not
shown) which are responsible for other portions of the home entertainment system
25 138. When the Input Regulator agent 414 formulates a query, it transmits the query
to all of its downchain neighbors 416, 418, 420 and 422.
Fig. 4 also shows a Query or Command agent 416, upchain of TV agent
418 and VCR agent 420, and downchain of Input Regulator agent 414. It is shown



many of the functions shown in Fig. 3. For exanple, the follow ng could be
omtted: |weyodjsggrunit 324, interpretation policy unit 322 pciasdobihzzzpent s
unit 334, tenporary request storage unit 326, learning unit 332 and rewards
unit 314. A 25 different enbodiment mght retain some or all of these _
el enments, and sinply never use them Alternatively, the TV Actuator 444 can
be thought of (and programed as) a non-agent process. - 24-

Communi cati on Anmong Agents The various agents in the agent-oriented
interpretation unit 212 receive and rept32-t o nessages using a conventional *
decl arati ve know edge representation | anguage known as KIF (Know edge

| nt erchange Foinmid figuréwith brukeh litgsahowevet, Hebabise R ¥ infdéPoIy &ifly

(Know edge Query, and Mani pul ation Language) and a library of fornm

ont ol ogi es def9ntiondor # difigrent probedimensrol\an agentnetworki Atis nkChdtually pressotr i bed i n
the KQW 1993 rafer | [ Ror.at e bove. . K 1.5 a standard | anguage for
programs to usléa{eoe I@%%%“ueﬁpc%f:@oeg?‘%ﬁe?%ﬁﬁ@e B‘Bﬂ%ﬂ#%ﬁ%ﬁiﬁ’%ﬁﬁuwﬁsﬁg
querying, st atitdjrpddeist6 deteniné Whéthératbbssae Briginhike fr éprl;ﬁ | g@md

of fering. 10 Wmsssages (gl SO calal egs%gergglr%i?ggﬁ)qi nc gbofl a nunber
of fields, i%cl4idinefects aaueradeont thetusen asttoed ehreentstatulsioflaceftingiin thei hmnenhat  t he
recipient is s Se 0. .do W the information,d n the nes e-cont ent
field. The preés{gﬁfmnerﬂwgfﬁ‘ "hﬂste(glgengssthmert%}yﬁ@d]’ ﬂba%m?m?ﬂi@%of %H"e'\/v
performatives @stkobA9\WThe GbRER dfeési)@ﬁmﬁt&wma@@eqbr R4 agg@gl herefore

pre-inplenented in the white box nodul es of these 15 agents. TER
Agents need t oneludgsghatroftheF¥ aigonsst 1R bécapsecih isotpebain of thecT lagent 408 s #nd

0" onbodi ront - s ey thar OBV CH et 2D, BRfEaE retpar 35 mEembpimen b o
registrati o nEdeshfot Mdeé asepfatdi Qhery o tCinmagl hg%ﬁgléuéﬁ% ﬂk@eﬁﬁ&éﬂ'nﬁ ar,

each agent need only register with i1ts upchain and downchai n nei ghbors.
Each agent, updascribeddietein ghefupetionayidistinguishing uses queridstfon egir sommands agent' s

nane and address .to its.address..bhaok . Registrajion may take place at run
time. The REG ‘?féﬁ?eﬁgrqed? ‘{elg\}’éﬂ\egloeftg'pu??%eg'ﬁdconvent i onal .

Feedback agent 422 is a special-purpose agent which determines whether

the input message carries an implicit or explicit judgement from the user about the

15 acceptability or unacceptability of the system’s response to a previous user request.
As with Query or Command agent 416, Feedback agent 422 is shown with broken
lines because it is only optional to break this function out into a separate agent. In
the present embodiment, the feedback detection function, which takes the form of
user dissatisfaction detection, is included in the Text Input agent 410 itself.

20 In one embodiment which does have a separate Feedback agent 422, this
agent never responds to a query from the Input Regulator 414, or if it does, it
responds with an extremely low priority such that it will never be selected. Instead,
once the Feedback agent 422 believes it has received feedback from the user, it
transmits a REWARD command to the Input Regulator 414 for propagation

25 throughout the rest of the network. REWARD commands issued by the Feedback
agent 422 carry a “THIS-IS-YOURS” performative, or alternatively carry

performatives specific to reward propogation.



ADVERTI SE and UNADVERTI SE -25- Agents advertise their domains of
responsi bi | lv{,%%;%%?[ der to draw requests from ot her agents. RUTASIMIATGent
receives an A Ié SE nessage it updates its interpretation policy so as to
redirect certain requests to the advertising agent. This information is
renoved fromthe interpretation policy once an UNADVERTI SE 5 nessage is
recei ved. An ADVERTI SE nessage indicates a conmunity to which the
advertising agent bel ongs. For exanple, an ADVERTI SE nessage from Vi ewport
agent 432 to TV agent 418 might say, "I waAt to receive all input nmessages
contai ning the words Viewport, Magnify, Shift, Left, or Right." If the
agent receiving this rMHeSCR agdnt 4201is upcimiveofd numbet bPothergagents) ordy twaof s t o
receive all of 10 the sane nmessages, then it wll add the newly, _.

adverti si ng agerwhieh(424and 426h a5 shpvay ip Kigy ¢- %Né&?‘ﬁ&e@ &rsﬁﬁ\”xgbg‘ﬁt CIf
the recipient agen 1 ' LY in d deSndnktbiiiRnt

I nterpretation %ﬁ‘?’ﬁ% 95@?%{/15@%%%#&%ﬁ§§2%®va§g%ﬁ#ym&%ltse§pa owg f or
nmore than one agfMipit RefdatobalaafiGudes rovting 6f ah¢ssapicdd dmevfeereral aitingtwasitksaanot her
agent. The ADVERTI SE or UNADVERTI SE performatives thenselves 15 are

convent i onal .5 THespongbledurBfereirompongpisin thehampentertainment sysign 3%, Ehg ng a

nmessage (i.e., t agent has de ,a Tl Lhation for the nessage),
t he nessage wst{)ﬁgsﬁ&e‘tﬂgw%éﬁg?g&?e%%dgsgigﬁ?&?gﬁ ‘he interpreted
conmmuni ty. The perfor nBld ™ agéif 818 Whiptiinid b SPoRG 2862 428, 4 Sowragest 439, cal | ed

THI S-1S- YOURS. The receiving agent knows that ifit cannot intergret this
message, then t heViswiport agentd3asandai Chanesl agent 134 cThe Viswpestagpntd32 ssyithe t he

agent 410, and 1RpRsgA MEERISEnpach 4> fatd SRR aest PR, IBREHe e,
al | messages, g5 4§8°i§fugblﬁir[‘9f b 'lﬁgmﬂa%éh\}m '4|I}\fan§ BYiehthgb 43UTE R Bowel VSeunduni ty

418. Then | nput Regul ator agent 41 forward the nessage to an agent in
t hat communi ty. MagtifiationcRight, Left angpChannglkagentis #28,:438, 456 %geﬁ‘iz pdr434,

O 80 & T SRR AR o Hukbsb B9 ADBMbr IESPRE Aol ' S

content wl|

special processing unit 316 (Fig. 3) functions to unify all of the commands from all
of its upchain neighbors and to provide them, through the non-agent /O port (Fig.
15  3) to the home entertainment system 138 via a single serial port 134 (Fig. 1). The
Power, Sound, Magnification, Right, Left and Channel agents 428, 430, 436, 440,
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, leamning unit 332 and rewards unit 314. A
25 different embodiment might retain some or all of these elements, and simply never
usethem. Alternatively, the TV Actuator 444 can be thought of (and programmed

as) a non-agent process.



-26- | S-TH S-YOURS?, |IT-1S-M NE, NOT-M NE and MAYBE-M NE As previously

ment i onedw(?];b%éﬂt erpretation of input is distributed overpé¢figsdaabyyr k of
agents so thére nay well be situations in which an agent cannot directly
interpret a nmessage and will have to query the communities it knows and
wait for s their response. If an agent cannot itself interpret a received
nmessage (i.e., has no interpretation policy that applies to the nessage),
then it queries each of its downchain communities using an | S-TH S- YOURS
performative. |f an agent receiving sueB4a performative has an
interpretation policy for the nmessage, the agent responds with an

| T-1S-M NE performative. An aggpimidicatigiPXmond Agtnfy Pretation 10 policy for
a nessage if the nessage (or part of 1t) is wthin its ow |ocal donain of
responsi bility or t/Reeagoons dgeoiadn theagentrenienteksintpepretatiop anit 232 réceivei s

wi thin the domai,n of responsihility of .one ,of the ent. s downchain

nei Ghbor o 1 1 5 Fepl s {GEASRRS Ul A cORTRPRE gl At iet sPrer o ned
recursivel V. hingblgs 2660h §CKRE (K bvilheol Srubichigd CHESgbp! d Qofipetifatloes not

have 15 an intérpretation policy for the message, and hone of I1ts own
downchai n rei ghinmmmicatién anguagb KQME (Ehowledgd Quary andiManiphlatiambariguageponds
with a NOT-M NE. pe}.for Lve., | f the nt r.eceivj the 1.S-TH S- YOURS
performative (#44 an@?rgryt aﬁ?"ﬂﬂepmﬂpg‘ﬁ%ag%ﬂ@%g??ﬁ%afﬁggﬁto MaHoRs AMAIA® nessage
in a contradi : hRK | gﬁfﬂ
performative. %Wﬁgendofhu SS?%S%%%E%%%@@ }éurtéﬁg%@ye's re It%IE ed to
force the systsemdamd langaagefer progriamzdio useito commumieate attitalds dhout inforaptiérem | n
adaptive enbodi nents, contradictjion plays, an ortant role in |earning.
Pi npoi nting t HECHIFEHEg ﬁtﬁ“‘i%g?lw 245 Iég‘né’ SB{;%‘G ingeandoffeng.and
resol ving 4 tﬁ%ﬁ < i (R4t g | B adid,es in
t he agent inéat wor K. rﬁ%@{ﬁr’?g&pl)r&e%gﬁ ?’g}rf%lgﬁdﬁ? {r‘r/één? iﬁu(l:lgﬁ%@gallse?tg ?ﬂ;angg, gllgi(':lgfrnbl n the

fol | owi ng casesmessage-ébhtent field and ¥ield indicatipgvhat thetredipientrie agiposad ta do

TH S-1S- YOURS nessage cannot
with t?le 1g orma!r:}on inthe message-content field. The present embodiment extends

KQML by adding a number of new performatives as follows. These performatives
are all general and therefore pre-implemented in the white box modules of these

15 agents.

REGISTER
Agents need to register themselves with each other to be able to send
messages to one another. Unlike other agent-based systems, in the present
20 embodiment, all agents need not be aware of all other agents and registration may
be much more distributed and localized. In particular, each agent need only register
with its upchain and downchain neighbors. Each agent, upon receiving a
REGISTER message, adds the registering agent's name and address to its address
book. Registration may take place at run time. The REGISTER performative is

25 itself conventional.

ADVERTISE and UNADVERTISE




interpret it itself and all of its communities upon being queried respond
w th NOT- M Ngowssmges. 5 2. When an agent that has reeerA8e/13377
TSHS- 1 S- YOURS nessage cannot interpret it and nore than one of its '
comuni ties upon being queried responds in contradictory manner with an

| T-1'S-M NE nessage. 3. When the user expresses dissatisfaction wth a
response fromthe system 10 The first tw ofthese cases can inplicate the
COM T performative, whereas the third case inplicates the DI SSATI SFI ED
perfornmative. As previously nentioned, on&>fthe functions ofthe Text |nput
agent 410 in.Fig. 4 is to determ ne when It has received enough of an input
message fromthe 15 uAgents advertidetheir dombine ofrgspioasibility it oyder tu drawreguesty i t .

For exanpl e, the_ Text ent 410 m ght be mred to send the input
message as it thEAMSE ]%ﬁ'ﬁ& °’% eP&“PgFé‘tT‘?‘i ?Saﬂeﬂﬁ{’]gﬁtﬁa@%ﬁ?g%&@q%%ﬁs

TH S-1'S- YOURS pejfan gl t’\é}pql a}%rﬁg‘@’ t he
i nterpretation |fsnE ccegis{?d?cs'tsﬁlgsl%\f o Q@égg%%hgésage gdﬁ“i Sinl n
ei ther of cont raﬁfmﬁnaﬁanmx’emaﬁedﬁmn@ﬂe) mtupréﬁ)mmbdm onth e UNADVBRTISE sage

sinmply dissipates after the | nput_ Re u {or 414 receives its replles back
fromall of ibs BEHASHSTISeNed. §mdy ERY ﬁsswfm@caﬁ%ﬁmwmm@

whi ch sinply awa T ?ﬁiﬂll E[r§§ ewg P the
Text | nput agﬁ,{hé\%ﬁtﬁﬂg%ﬁéﬂ@ﬂlbn%?ﬁ <151 @on 3;1{;11 %@s&a&er s next word,
whi ch hopeful |y ugdnt 48DabIBV agerit nf18rmight 8dyi, 61 wahf tcs EsTeive @ll rihput hBRYEIERE | t he
user mght inmply or express a desire 25 for the systemto respond to the

input thus far. sontaiping theywerdseYiewpagsuMageibh Shift, 0LefbrrrsRighte” | Hisbe agamtsage

perf or mat 1 ve. - NoteitRetf efifed SRl SRR A ophnBtiERRy it Sufsd ek
i mpl enented a9 athblshie issiddehen &rvill @ tHeRwiy atdvemsﬁglygénﬁd tiRGofMiunitp0
I f the pending contradiction is at the |nput Regul ator 414 when the COWM T

performative is hlseadiqonteiniag thagriar rﬂﬁw eifegipinnt agent goes nebrrsogmize sush| ve
-28- th tradi ¢t d
o e cont ) B A T 650 L Ap A

includes a step @hisallows for more than one agent to be members of an interpretation community
" of another agent. The ADVERTISE ot UNADVERTISE performatives themselves

-
-

15 are conventional.

THIS-IS-YOURS
‘When an agent is successful in interpreting a message (i.e., the agent has
made a routing determination for the message), the message must be forwarded to
20 anagent in the interpreted community. The performative under which this message
is forwarded is called THIS-IS-YOURS. The receiving agent knows that ifit cannot
interpret this message, then the point of contradiction is itself. For example, assume
the Input Regulator agent 414 receives "TV to the right" from the text-input agent
410, and Input Regulator agent 414 has an interpretation policy that all messages
25 containing the word “TV” should be routed to TV community 418. Then Input
Regulator agent 414 will forward the message to an agent in that community. In
the present example, we only have one agent per community so a THIS-IS-YOURS

performative with the input message as its content will be sent to the TV agent 418,



gquerying the user directly, preferably as a |l ast resort. For exanple, if

t he | nput or 414 has a contradiction because all ofpd hai n
nei ghborsv‘}h%a(@aé\/;gi%g8Ll returned NOT- MNE, then the |Input Regul at%#@ﬁdgﬁ% ask

t he user whether the input nmessage refers to a TV or a VCR function. The

| nput Regul ator 414 then adjusts its interpretation policy 322 in
accordance with the user's response. By involving the user in this way,
both the interaction and the learning is limted to the point of
contradiction. Unnecessary interaction-2e-thereby reduced, and a correct 10
distribution of learning across the agent network is ensured. After the

| nput Regul at eg_ _ Iy o551 mn@md_' ' ' 2\ e nessage on
down to its rgss#éédﬂig%éﬁg‘iing-nel ghbor WItE a Wper ormative. If the
| nput Regul at or 414 Asgsevimislyinieatipnedythedriterpostationdif artputis distribatediover thbat t he

| nput Regul ator 414 g}ligready had an iﬂf)er,g{ﬂet at,i on, of the input nessage), 15
then in this Sg¥orkghrgepisso thesemaywgllpesityationsin whichan agrat gt direlt age t o
the interpret ﬁﬂergmmb%e@ﬁﬁ gmbﬁiv_e% o S ﬁ%sfip d 3w o COM T
performative propagates down a chain gents In e network, torcing each
agent in tige clivi respunse i irnsgeat cannbdy itstifdntierpret 4 receiwedmessage G.echas hadi cti on
and pass the COM T perfaormative gn to the next agent in the chain. The
overal | cont r SUETPIStEIPIOPOICY Bat, pRRlies) {0 %%@g%ﬁ%m querigepeh 8EM8r al user

i nteractions i WEH 0 . g#ﬁ U ﬁ‘m{ | Si act ual

contradicti ondpeso a&[]?{c’)ﬂﬁgrﬁ%%&egg}rlé%ﬁgg [ ngJ? e S?\B?J r&ggtéa?g?na eglrtlt 414 is
descri bed in heveivinpauch i pérformative Halan iatepprefatio®pblicy fordle mé¥shgepthBagentgent s in
the network of Fig, 4 use_the sane contradiction resqglution procedure, 2 5

al t hough in aTespphdswith annblyhyMERNG: performatavec fn aggatwill haupaninterpretation ent
contradi ction r ' ' e L ' he

net wor k nteleods pp g&g%pgm% gsagéﬂgﬁ%rﬁ%ﬁ?%eeétgg‘??ﬁglﬁwsoﬁmp ﬁ(cabq‘glglgga?s%rrx%@tog such
queri es thr ougéspansibiliep or tHeQgadat kisdvay thitl thewhéssdgec@n pan|of if) e within ther t

t hrough whi ch such user interaction 29- occurs. I.n one enbodinent, this

user i nt er act idoRamgéasssnopsibility ofone H@W@éﬁ%ﬁﬂ&“@?@i‘hﬁ@g@%ﬂ&}mﬁﬁﬁel n
anot her enbomtﬁ@%%m“h&mﬁiﬁ%??esB{n?sﬁbﬂity’itheﬂrpredsrggxﬁ'gi%l 132 and m crophone 130.
0 , It takes™p ] .

In yet another e di men ace via conponents of the hone
entertai nnment syst ellf thaGgent receiving the IS-THIS-YOURS performative does not have

15 aninterpretation policy for the message, and none of its own downchain neighbors
(if any) have such a policy, then the agent responds with a NOT-MINE
performative. Ifthe agent receiving the IS-THIS-YOURS performative has more
than one further downchain agent claiming the message in a contradictory manner,
then the agent responds with a MAYBE-MINE performative.

20
COMMIT and DISSATISFIED

These performatives are used to force the system to resolve contradictions
experienced by the system. In adaptive embodiments, contradiction plays an
important role in learning. Pinpointing the agent which is responsible for a

25 contradiction and resolving it there ensures a correct distribution of responsibilities

in the agent network. In the present embodiment, contradictions occur in the

following cases:




5 TheDl SSATI SFI ED performative i sused notwhenthe system deterni nes
for itself tg@”;%sﬁ‘?m radiction has occurred (contradiction pes@so¥iby7rand
(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 pending contradiction internally, but
rat her, has already taken sonme 10 action in response to the user's prior
input. (For this reason the agent sensing user dissatisfaction typically
precedes the DI SSATI SFI ED performative w2f-a RESTORE perfornmative in order
to undo the nost recent action taken.) Since the system does not know where

t hehco?t r adi CE ihOD. EO! MWhies gjlﬁgélil&h%%Tred%B)Temr’KEHS'E-lIS-WEJRSmeEJAgle Uﬁﬁﬁs at .
each step in the chai Nintekd i LR ISR [
t he I nput Regul at or 4%&&%{{%@;&%@% 422,%9??1 gﬁggppr orgr gte

enbodi nent) recogni zes user dlssatls% ction in an input nessage, for

exanpl e by the presen of t he exc] amation, "W L It asks the user
a question suéh és " DoYWAER 2P @8t At Swﬁﬂ'edﬁfﬁ]%él%}fmgﬁmgww, t hen
the Input Regul ator 41errel i and mare thassongeaf iffacamgunities trondreinst quesedf t he

i nput message that restgbpands inrcontradictory manmer with eniT-3$-MMWNEomessbgd. ong to TV

agent 418 and not VCR agent 420. |nput Regul ator 414 then passes the

erroneously integpret eWhegtheagse erpresheytisdatisfidfiongait a redfonsiirbin teddySiemT | SFI ED
performativeqoTV agent 418 then queries the user, "Do you nean power,

sound, vi ewport Foare] \ g@&g é]Je?éﬂt

| earns the new iﬁ{leérpr%:dtfiglbeﬁy%gﬁégeﬁnagﬁg{eéﬁﬁgu e%u g"{“%}}(’eﬁﬁ, gand
passes the erronthirdshse implicatgsrted PISSARSEIRD perfdnmatiteer to t he desi gnat ed
downchai n nei ghbor with the DI SSAT| SFI ED perfornmative. This process

continues until the cofpeviopdymentiongd, oneotthefimetipns pfthe Textdaputagent4t i on i s
t aken. -30- The;: i i whi ; ' . '
esponse to t ne DI AT GqRFRE R il figebafentBE B BARMSSBE RO )

Actuat or 44618s usermeder ferthesystemadirg irt@pretiag it) Hor example, the Teg It hgent he

COM T performative., 5 UNLEARN Wien the user resolves a contradiction by

i nteracting w t h4tighteeprogramaped s sand thednpus mestsee s it then stapdredewn 0dheis thi s

contradiction re | B ' ' . t he

mput Regul ator ekt WA THRSASH OPR Rl bl Bher TR
spoken by the user until the interpretation is successful. Normally, if an mput

message results in either of contradiction situations (1) or (2) above, then the

20 message simply dissipates after the Input Regulator 414 receives its replies back
from all of its downchain neighbors. No action is taken by the system, which simply
awaits more input. The next message transmitted down by the Text Input agent
410 is longer with the addition of the user’s next word, which hopefully will enable
aninterpretation. At some point, however, the user might imply or express a desire

25 for the system to respond to the input thus far. In this case Text Input agent 410
sends the input message as it then stands down to the Input Regulator agent 414
with a COMMIT performative. Note that in one embodiment, the COMMIT
performative is implemented as a THIS-IS-YOURS performative with a COMMIT
flag set.

30 If the pending contradiction is at the Input Regulator 414 when the
COMMIT performative is issued, then the Input Regulator 414 proceeds to resolve



I nput nessages containing certain words should be'routed to the TV agent
418. As 10 , each agent that |earns a new interpretap Ry
shoul d askvg??&gggkts it knows to "unlearn” that policy. AnkﬁﬁPE%EkPﬁ
performative translates to: "If you are interpreting this nmessage, and the
interpretation is that this nmessage belongs to ne, then un-learn this
Interpretation policy." Not all enbodinents need to inplenent the UNLEARN
performative, but those that do will be better able to 1 5 | ocalize these

| earned policies in the agents which are2B8est appropriate for each policy. -
Such | ocal.ization of |learning helps to keep interpretation policy databases
smal |, ther eby thecompddidtion! Aoy Spreasindl tddnihdistions w&budah 83}6&%:@&% pgar ched
by each agent and the responsiveness and perfornmance of ‘the overall system
20 LEARN The Lprostapmed intortheisyssemifif is mostdesisable hoimever] if itincludeslastepdbfher e

f | et d b ts. t hi h h L |_.obal
bt racti one. Sdupig the e el Bl 38 st cebrrker oA ALFJPinen an
agent recei ves pagulafer Wil Iy @ 63Rtadibidn bechid 41 618 d&ﬁa%ci@ﬁqr;ijeg%h%rstlﬁav'bt S

downchai n agents or replies to the upchain source of the e agent

remenbers t1Fat réturried NQT-MBNE; thmrthebwutlibgulmgéhfgenna%kttmme'rwh’sﬂhyrthe -31-
menti oned, the.agent stor uc r obl in.te rar eqyest staorage unit
356 (R 3). GOULPIEBERFarrsine BV OB R Suncri: fne ek REatigr ¢Fhthegont
receives a subsamugiis ifehprethton' FAIRS 19258 a6orddmRE vﬁeﬁatﬁphs‘er’stﬂagpoiggnhydoes
not need to refigure its’interpretation or propagate the nessage on"to
downchai n nei glibohdngthemberiin thisweayabothalbyinteggotion entl thedenrmitg is lindited betheessage.

Probl em storage differs fromlearned interpretatjion policies in that stored
’ Hep

probl ens, and 2R GPtpdiction| nRefesBiy Wirtertign givRy redycatband ArpeSice t he
i nter pretatiPn @riiiiion Be ﬁﬂ@ss%ﬂé’i‘é’cﬂtﬁ&wbﬂﬁsﬁﬁsﬁed. even if the text of
the new nessage Is identical 1o the text of the stored problem Rather, all
reference to i o st orAfter ghe BipatRegulator st 1dyregolvds| iesnedntfadidtioRGE sefiGBe EM

differs from LEARN UNLEARN al so. i n that, whereas LEARN(UNLEARN t akes pl ace
in response to'?%?&%%ﬁﬁ{%@dfs & ‘fegdfie‘f’ﬁ‘ﬁﬁg‘, nﬁ'lg@‘?"el’ff‘ &r SEMMIT yr s

regardl ess of performative. If the Input Regulator 414 was not the point of contradiction (that

is, that the Input Regulator 414 already had an interpretation of the input message),

15 then in this case too, the Input Regulator 414 sends the input message to the

interpreted downchain neighbor with a COMMIT performative. The COMMIT

performative propagates down a chain of agents in the network, forcing each agent

in the chain which has a contradiction, to resolve its contradiction and pass the

- COMMIT performative on to the next agent in the chain. The overall contradiction

20 resolution process may well involve several user interactions in which the system
asks the user for a decision.

The actual contradiction resolution procedure used in the Input Regulator
agent 414 is described in more detail below with respect to Fig. 24. All other
agents in the network of Fig. 4 use the same contradiction resolution procedure,

25 althoughin a different embodiment, different agents can use different contradiction
resolution procedures. Since more than one agent in the network needs to be able
to query the user, all of the agents route such queries through a common I/O

Actuator 446 which controls the I/O port through which such user interaction



the resol ution of, or even the presence of, contradictions. Stillflirther,
probl ens ar ewéggg(ggll In the tenporary request storage unit 326cH0$98/13377
tenporarily. 1 In the present enbodi nent, agents delete locally
stored problens only upon recei pt of a FORGET- PROBLEM perfornmative
reférencing the problem1.D. to be deleted, and Text-I|nput agent 410

origi nates a FORGET- PROBLEM perfornmative referencing the nost recent
problem|.D. whenever it is about to originate a new problem This policy
is believed to be the best policy for mardd+rng 2 0 the size of each
agent's tenporary request storage unit 326 database. |In another enbodi nent

a different poligyuGam S cnibRdiment! ¢ils aser Riterd@ionttalieg pREOVE thele9bdaed 526

whenever the agent receives a TH S-1S-YOURS, COW T or DI SSATI SFl ED
perfornative i deandidisplaygl2¢nin anether embpdiment, [it takes plageevia theispeaksnd32 entk user

wi |l ask the systemto r rocessing of a articul ar regue For
exanpl e, after S‘P’&F‘Iﬂi‘ﬂﬁ"aﬁg)‘ i’l%’? énogﬁ?réaaﬂgglgx}en{, %Fga'ffgé’ﬁ“ﬁ”dﬁf’m?{’%% Sa%ghes ay,
"Scratch that" %orﬁé\ﬁx‘(&fam%’i'syste&ﬂiﬂe Text I nput agent 410 (or sone other
agent charged with this responsibility) recognizes such a desire then it

i mredi ?t eIt y del et est t hﬁgﬁMSﬁAgﬁEmpﬁﬁmimmm?ﬁ@anEﬁW? .
request storage unj -32-. an en forwards.the pr , toits
downchai n nei ghb@F§s"J§‘§ﬁ a&oﬁ@é%tpphwgﬁfi &é’?‘“ﬁ‘gﬁmc\%eg (%aaé‘ﬁr(%)fabf’ﬁ@’
downchain nei aNbghSfgl & ShtstdaCalttfl] LichCaPRHROUEI bRl {the spitlin WRAPOT ary

request storage uni I't was there, a orwards the problem!1.D. on
to its own downcduvmtradiotoroiias ocaurted tontradiCmeidase B) aRREBLIENhi casepthesystone, and

so on. In one enbodi nent, an ,agent does not ss .the F T- PROBLEM nessage
o t0 115 downcHisRnAEHHOREIBCONRICIPB BREARD) Dysratler e seasy SRERFODE |+ o
own tenporarynre hdor’ it Rl SR agent
which did hatd tﬂ*égﬁﬁ“o‘%%@?«?&?ﬁ&% bdor’¥ Bitor ity topfaﬁr?ﬁ *He"gf?é"?t @Eg{rsgagﬁgljnit 326,
passes the nessagjssatisfadtionotypicall oprecedts ithe DISSATISFIEDN giegfhimative 19ithha ch i t

e i b B A e |
| nter pretati on_ Uil 24l fnov? et ERLATRIIES fofht 991 (B8 spSHEHAIRNE UST N9

an object-orient progranm ng | anguage such as "Java.
queries the user at each step in the chain until a leaf agent is reached. For example,

15 if the Input Regulator 414 (or the Feedlock agent 422, in an appropriate
embodiment) recognizes user dissatisfactionin an input message, for example by the
presence of the exclamation, “Wrong!”, then it asks the user a question such as“Do
you mean TV or VCR?” If the user responds “TV”, then the Input Regulator 414
learns that messages having characteristics of the input message that resulted in the

20 user dissatisfaction, belong to TV agent 418 and not VCR agent 420. Input
Regulator 414 then passes the erroneously interpreted message on down to TV
agent 418, with a DISSATISFIED performative. TV agent 418 then queries the
user, “Do you mean power, sound, viewport or channel?” When the user responds,
the TV agent 418 learns the new interpretation policy as did Input Regulator 414,

25 and passes the erroneously interpreted message on further to the designated
downchain neighbor with the DISSATISFIED performative. This process

continues until the correct leaf agent is reached and the desired action is taken.



object class is defined that includes nethods and data structures that are
comon to t mpjority of agents in the network. Cerpai
special-pd&gggg&ggents, such as Feedback agent 422, Query gskggﬂﬂgﬁzﬁagent
416, Text Input agent 410 and the various actuators in the network, are
obj ects that have been 20 subclassed fromthe main object class in order
to allow certain nethods ofthe main object class to be replaced, and others
added, so that the agent can performthe specific functions of its special
purpose. In an enbodinment, all of the agents in the network represent
objects in separate subcl asses, because despite their great simlarities,

they all differ fro . . g . o . '
programed separ atem}gﬁlgagmgwg %‘Fl oiﬁégwoﬁ%gg% sdstétt)(ggllefferent

nei ghbori ng a@ISSATISFEDpérfoymative daaitake plaxetviatheisame MO Aetuator 446.as 131 e-

determ ned by the _system designer, As another ex I each agent is pre-
progranmred w tuseq fog CBW%P&GP%"?W 1§, Fespofsg F?)Fl@tfgﬁ’ ognalive. As yet
anot her -33- exanple, each agent is prograned separately with its own

"bl ack bo"' procedures, if any. In this sense all agents in the network

m ght be consiUNLBARIpeci al purpose agents. O herobject-oriented and

non- obj ect -ori entedi i npl enentations forthe agent network will al so be
apparent to the readWhenthe user resolves picgntragictionbyrintgracting with theageptatr START

met hod of the i neobject. cl [ L St . r t comes
on-line. The fﬁrsg{v{gﬂgérﬁ{ns 8%"%%@%:8%2@#%## 3%‘%@%&%(2&&%%}@&?‘%%%%%0 iC
rather than | ijhRfprbtatistepslicy Fdi@xatiple,tht BipabRagulstor fgenfi41enight lslimGhati S
consi dered nost hel pful to the reader. It will be appreciated that an

embodi nent  of tiBputERgssages soptaining eertaiy weorgs shquldhe rgnted tq theddhegent 418. Asn a

sequence dj fferent n .| i lel with other
steps. Refer ri%ﬁ’l?’oe_taré?agéng%ﬁt EJ% ‘ée%; gﬁ%b%?%niggﬁfswlrdg&{%gr S?tlr"\rhxlst any
initializati orkroRé MaflearhMth&ipatick. PV UNLEARM péforindtivergaidlatddas® If youn Ot i
hard-coded, this_step can include contacting a nane server to obtain a nane
for this agentare imerpreting this message; apd the mterpreiationdsthat thismassags bglepevio i t s
start-up defaults 4. gi ISyl £ .t ] of the
ot her agents V\%I ’chhegp%rétegﬁbéﬂsl Enéélﬂ%éﬁ%ﬁ}ﬁ%{{ﬁg do%m(n%c aiehﬁﬁg%e%o}r?%e.ﬁ his is -
acconpl i shed biynpldniens tiet WNDLEARNpsfodphaitve, but those that do will be better able to

15 localize these learned policies in the agents which are most appropriate for each

policy. Such localization of learning helps to keep interpretation policy databases
small, thereby increasing the speed with which such databases are searched by each

agent and the responsiveness and performance of the overall system.

20 LEARN
The LEARN performative, which is conventional but included here for
completeness, is used by agents teaching each other agents global abstractions such

as "more" and "too".

25 FORGET-PROBLEM
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




performative to each of such neighbors, with the agent's nanme as the
nmessage cont In a step 516, the agent adverti '
abilities towﬁ%g%”ggent s fromwhich this agent wants to recgiésgjs?%%agst-s.
This is acconplished by, for exanple, sending a nessage to all ofthe
agent's prospective upchain neighbors with an ADVERTI SE performative, and a
preprogranmed |ist of words or tokens, |f the upchain nei ghbor |ater
receives an input nessage containing any ofthe words or tokens identified
by 25 the advertising agent, it will inclarde the advertising agent as one
ofthose to which the nessage will be routed. After step 516, the agent
enters an event i Welall i dto
the agent. In a %ﬁ ieigm@?e, tagg{tgg’gﬁ\sa H g(rgtﬁ Qﬁ‘éﬁ?&n@hggquﬁg%gﬁ ?ﬁ%e‘{n}&l?rzgit i's
still alive. |f (@®g,3), begethen withethe pRblent-hB. dgahis wagy wherathe agendt seceives at i ons.

If the agent is still aliv en in a step, 521, the agent perforns any
agent - speci fi ¢ cmeehﬂffﬁrlﬁms) Aessage, fPh@‘aﬁ’&ienﬂGtﬁgé@t doas pet ngegditot he
agents in the ag Qfegl&e ~Sfes {d ' L.an
functions and thgr Orféé"@%greﬁaﬂ@ég)i@%@??%?"ir};‘{belﬁ%ss?%n(grlfdofri]%_ E V’l\}e&%ﬁ%rg seen
bel ow, certai i sphidhdavalrdads fejetidvneydhipcdf thomesegek. t o per f or m speci al
comuni cation functions, do so in _a procedure which substitutes for this

step 521. In a step 52Probewstames differsdrpraieamedintasprefation palicigstin thatsteredei ved

i i . , : Kk |
elurns to St op Sty g Bl odigf RelidARRE b SRRERE ol Sof yfRnd e,
proceeds to a PRufrpretifionofahy fdvemelsdge {pokén ey the @see! eves df thetext bftht agw Af ter

t he message is processed, then the agent again goes to sleep and control
agai n i s returnethesssgs ieidesicgl torthg texg of shexstpred\prpbiem. Jtathencalbrefireigs tESSAGE

T hccor dancd i #ftred,BrobletiscBechis by prGUARTR | FORGET SO Sfls ™ "
Such per fornmati ver ARNVUNIEARN Olldoe DAt whereld LEARNYURI BARN @hles Jle in

ADVERTI SE 700 UNADVERTI SE 800 |S-THI S- YOURS? 900
response to the resolution of contradictions, problem storage occurs regardless of

the resolution of, or even the presence of, contradictions. Still further, problems are
stored in the temporary request storage unit 326 only temporarily.

15 In the present embodiment, agents delete locally stored problems only
upon receipt of a FORGET-PROBLEM performative referencing the problem I.D.
to be deleted, and Text-Input agent 410 originates a FORGET-PROBLEM
performative referencing the most recent problem-I.D. whenever it is about to
originate a new problem. This policy is believed to be the best policy for managing

20 the size of each agent's temporary request storage unit 326 database. In another
embodiment a different policy can be used, such as by deleting stored problems
whenever the agent receives a THIS-IS-YOURS, COMMIT or DISSATISFIED
performative identifying the same problem-1.D.

In some situations, the user will ask the system to abort processing of a

25 particularrequest. For example, after starting to state a request, the user might stop
and say, “Scratch that” or “Nevermind”. Ifthe Text Input agent 410 (or some other
agent charged with this responsibility) recognizes such a desire then it immediately

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



20 I T-1S-M NE 1010 NOT-M NE 1000 THI S-1S- YOURS 1200 COWM T 1210

DI SSATI SFILED 1600 25 MAYBE-M NE 1020 UNLEARN 1500 FORGET- §%§%¥700
AGENT- SPEY@P¥SGHRrorVATI VE 1800 - 35- USER- RESPONSE 130 1320 An
agent may al so be able to handle other perfornatives, but these are onmtted
fromFig. 6 for purposes of clarity. After a nethod speC|f|c to the s
performative of the received nessage i s executed, the PROCESS MESSAGE step
524 term nates (step 612). Fig. 7 is a flowhart of the nethod perforned by
an agent of the main object class in regpanse to receipt of an ADVERTI SE
performative (step 700). In a step 710, the agent determ nes whether the

it b { 1 k b ent t, th
oo ot e 712 38 Pieh SiraRectng Rreuen T 10 B initRip neigtpors Yt EQRGEISK or "
agent s havi ng mmﬁrp%%ﬁﬁa@w Eacmeﬁhea@&zﬁ&mmelghsofs%ﬁteé% ENRd | SE

message. |fthe comunity being advertised is already known by the agent,
then step 712 prebleiffapets owm tsmpprary aequestestordge unit S2Agif agwas these, tandn added

to th fied t dd b
o 6 1 RCs t icmends e prontems L B o8 4 M doRerCheiR Retefbers ik « EOBGET: (o
recei pt of nRIBIENI pafoRRAtVe! ARf do\dh. ThBnd emb&ARmBAOan hdtdt 88&Hot Bgsrgnves the

unadvertising agent fromits conmunity as stored in the recelving agent's
addr ess book 3RSFORGEF-BROBLEM miessageorioithdpvanphain ndighborsifiths probleniier t he

comunity has nor e a ents.. I f so, then t heLUNADVERT] t hod
term nates. | fﬁ}o‘f"“s R 526‘ in; ifs QWA {EMpoTay regyest sigmge ‘HEI3515”§‘ T o rruni ty

from the addr ot 3aSgbiiWhich Ui KivE @hd MdbleRET BRI 18 emporary request

storage unit 326, passes the message on to only those of its downchain neighbors

10 which it knows have previously received the problem designated by the problem-
ID.

Object-Oriented Agent Network Implementation

| The agent-oriented interpretation unit 212 (Fig. 2) is implemented in one

15 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

20 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

25 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




Fig. 9 is a flowhart of the method performed by an agent of the main

obj ect cl assyd doig@agPonset o recei pt of anl S-TH S- YO URS? per fromms®ass7t st ep
900) . When the agent receives such a nessage, it first checks its tenporary
request 25 storage unit 326 to determ ne whether it has previously
Interpreted the subject nessage (step 910). If not, then in step 920, it
perfornms an interpretation of the nessage. The interpretation involves two
tests: first the agent determ nes whether the nessage is within its own

| ocal dommin of responsibility (e.g., by 3&ternining -36- whet her the

I nput nessage contains certain words or tokens in response to which this

agent needs to ferdfple ®ach agkatis progranfoddepdrately twithtifs @wnsblackiboxtpreced@est
determ nes whether it has a stored jnterpretation poli.cy a further

routing) for thdfanspin fhlﬁe%éﬁf@@ agemis imythgneywork m@?b@mﬁﬂ@ﬁéﬁﬁc@ PWROSEa s

successful, then in e h

upchai n nei ghboPSHHt ﬁﬁﬁ%gﬁfﬁf ?e%?"f‘}f‘%‘ %&é&ﬁ%ﬁﬁ;ﬂ Irnnn?%'gﬁ( ??eea%eﬁM).
The nethod t hen pkeydik Halt 5o bSfRredf) the kdadér) step 922, it is determ ned
that the interpretation perforned in step 920 was unsuccessful (that is,

the agent doé not cl ﬁgnStlheﬂlowphmt m&@&mﬁTAREéﬂﬁh%dfﬁiem@loblsctnot
have an |nterpre at i poI I C ness te e 10
agent checks i tscaﬁ?j é“a‘S‘Bﬁ %%?‘6“33?%@%“%2@%&%‘? “ﬁﬁﬁ 9 %e wnchai n
comunities. |f yapsy bEA bt Eisiderd NAbMcNrathe ithan WRFAAI desBstigthoar (step
913). If the agent does have downchai n” nei ghbors, then in step 928, the

agent stores t hemplmbntamnatall@\sl wbnlptsrcans;dqr@bue@ﬂlelpﬁzbtta@le reader. Iswdlbel t t hen
Il of its di h th th | S-THI

Do T or mat v ( s CEBeSRR e pLem s ABEh eanrcLoRh Fle VARG SIepp aht dowshart

Ret urni ng t g.(ﬁt &R a I4qbentd d1?£@1%nf‘§ﬁﬁ%9§ sROWPI, rlin 96mé Bided w7r gdrhifRl Witoeler

performativ as preV| ousl'y been interpreted by this agent, as indicated in
the agent's tenptapary request storage unit 326, then in step 932, the agent

retrieves the interpretati.on f the t ora ue stora Lt 326.
The tenporary requesti:fgem’é%@rﬂé%g] 1S {epgg@té?#géﬁﬁt&e BFWWHE"%‘F%EH

that have been TEiire ny&é}hﬁo Afnt Difre i ERR AAASD LA Fhis @anbeen
returned by all of the agent’ ommc aln nelghbors In step 934, the agent

executes a PmmmgawnwmﬁmobtmammmMStaBemespect to Fig. 11.

The procedu rle 5 then e”q st(epsa ts?g tge a%ent then sets any of its start-up defaults. In step 514,

the agent registers itself with all of the other agents which are to be its upchain and
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



25 Fig. 10 is a flowhart of the nmethod éxecuted by an agent of
the mai n oRpARJeesh aSS wWhen it receives any ofthe three possdilgsebgsaonses
(NOT-M NE, IT- IS-MNE AND MAYBE-M NE) to an | S-TH S- YOURS? query.that the
agent previously sent to its downchain neighbors. In a step 1022, the agent
first adds the WD 99/ 66381

PCT/ US99/ 13377 -37- response (i.e., the performative) to any responses that
it previously received with request storage unit 326. In a step 1024, the
agent then executes a PROCESS ANSVERS prdtedure described hereinafter. The-
met hod then ends (step 1026). s Fig. 11 is a flowhart of the
PROCESS ANSVEER®heétherit it #l0alive0 I rios,aheirih 8@p 500,5the Bfend Rfmind a2 fts opetddorind 1316
in Figs. 9, 10, 12 and 13 respectively. The P SS ANSVERS routi ne, anong
other things, Hakesgentisstilhaliventhenima step $24tha pgent performs anyagentispesifid e t o

recei ve the ne . opsiders. a ,do hai.n ent to he eligible if
t he downchai n (chiieﬁ ng’“ﬁﬁ@“?g‘g%ﬁgegﬁ tﬂge “%ﬂeﬁ%‘faﬁ ﬁgt% alolv! aﬁf‘tgt he
downchai n agenietwsik, fhefe fresioaipent-ipasific cobmiithicaliéh fREHcHE Andidrefsf &eg €Vel Of
quality that is sufficient for this agent. That is, query responses which

cl ai m a nesBag® lcpaifoms 5o fugctipnsy Hpeseen kelew ofertainrspecialipueposangenthe agent

receiving the reg: y.lts own qual.ity criteria to a given
response to de%@?ﬁlaﬁég?%ﬁw%%ﬁp%étcﬂm Ca enggns, ‘E‘h%p lé‘gfeﬂ{f’g‘?féﬁf"ch_ sent
15 that respowhigh isObdeiutes ifeH thisesté® SPEC Gh \estbp 820BHhe aZent thef detefimnendi N9
_agent can communicate its |evel of confidence to’its dpstream querying
agent t hrough Whetherdthagtecejved anyineqrning messagest {Ifmotcthen the agerftigatsbacktda he
response nessage. ln addition, a S e which .carries with it _an,

i ndi cation of JePofd LAV tQ iR, 3 %f E@i}i‘ﬁ& Ieprived JOBOMING TBessagest them dt

exanpl e, Wgr eprobseds RSPPROCESEMBISAGE step WX Bt WescAb& ke,

rat her than a‘ralpl T-1S-M NE performative) can also be cusedhegf/iﬁ%%é'ngil}gﬁr/yi ng
agent in its albpimessagednprotesedaithenythe agent again goestthalecp apd oemtrol lagaintidier
words, the term"copfi Qenfl% | ever', as used herein, includes not only
explicit confi FHEE PP ahich in a given enbodi ment i ght be returned as
part of query responpig. @ﬁmﬁmﬂh@mcgssmsgﬂﬁﬁ%pm&ffFi%B?nﬂua"ty
of the response which mght be 25 suggested or indicated by other nmeans -
(such as by re# steprdd, the ageat syeqites an appropriate method ipatcondandeewitle simons e
nmessage) .

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-IS-YOURS 1200
COMMIT 1210
DISSATISFIED 1600

25 MAYBE-MINE 1020
UNLEARN 1500
FORGET-PROBLEM 1700 _
AGENT-SPECIFIC PERFORMATIVE 1800



Referring to Fig. 11, in step 1110, the PROCESS ANSVERS routine begi ns by
sw t chi ng onwlgweessif or mati ve whi ch caused the agent to ent ePCTAUUS®/1381It | ne
-38- (referred to herein as the entry performative). Ifthe performative was
| T-1S-M NE, MAYBE-M NE, or NOT-M NE, then in step 1116, the quality
criteria established for the present agent is applied to the response. In
the present enbodinent, no action at all is taken in step 1116. In another
enbodi ment, step 1116 rejects certain 5 I T-1S-M NE and MAYBE-M NE r esponses
whi ch have a very low quality level, essedbrally by replacing themwth
NOT-M NE performatives. In step 2400, the agent determ nes whether the new
response creat eSUSERRESPONSEII®00 Wi t h any previously received response.
Note that even if two downchain agents both claima nmessage with an

| T-1S-M NE per f oRERTORE 132fere 10 still may be no contradiction if, for

exanpl e, each clains aﬁg%}agrn%qtalsgirﬁt b@ftothgx?dlg‘rag%?% I%%Q“Ihvgsx%gg{hg% alré t he

| nput nessage is "TV & n no con s ¢re I'h the

| nput Regul at or gl fdm Bifled feoplipddés afediiritan AER: agetiid §edifiontb e
nmessage. Both need to receive it ultimately. In order to acconmodate

nul ti pl e non- Bonperfoamativerof the racatvedimessage is executers the AROCERRMERSALHE step
of "focus" is inté&{jucad. Each g nt which clainms owership of a nessage,
veopseter (e 2

returns, with it YBE- M NE performative, an indication of

whi ch part or parts offjgh i @AeweRNCTIRE thettdd pagbithed Y &l Alef bihiBe MRASATE.
The indication of a particular part or@(parts of a nmessage whi ch caused an

agent to clai m t bhjestilassigeespprseite taseipbef amARVERKESE pastormativef(step 780)ailmn  The
focus of 2 0 the clajm.,can ei t.her ,a.,contiquous. or .di sconti guagus ,part of
the message. |f ?ﬁ@%ﬁe’&a?eﬁ@?ﬁﬂlﬁ}‘eﬁﬁﬁic WUBLY beiRe fvertis Sa{ﬁﬂﬁ er
downchai n agegt SkndviAfly th@@geﬁﬂeﬂhongﬂéﬁﬁ 4 §6p 712 tHe bigbre-cMabds aQlewomBiemiyy NE

C

response specifies a focus given by the union of the parts of the nessage
cl ai ned by the fiwitsrddressovankifor agentg baning the characteristics desiinated 2the received zes

f , [ hni e d ' .bel W §.h t t i g. 24,
Lo attemt to r ootk HiRhed iR o ety sevesed f lr a0 o G ©
increnents a varl ge%aks,%énesft@w;ms mpe%rﬂs&paﬂﬂmemmﬁ%nﬂi; tHeh Bddeaub Y

recei ved response , and after steps 1116 and 2400
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. Ina 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. Ifnot, 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 an IS-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



-39- remains, a THIS-IS-MNE performative. The agent al so increnents

vari abl e TpeydpssknowCount if the newly received response i $cifisbdizsr
MAYBE- M NE performative. Then, in step 1112, it is determ ne S waet her all

queried comunities have answered. If one or nore communities have not yet
answered, then the 5 PROCESS ANSVERS routine 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 community to constitute
the comunity's response. Subsequent reg8genses from agents w thin that
comunity, if any, are ignored. In a different enbodinent, or in different

agents Wi thi nWﬁtﬂx@%n@ﬁfﬂﬂ@&iﬁé%n&ﬂis%ﬁﬁﬁ%or%ﬂtﬁk&ﬁn}fk Sﬁ\ét&)@?ﬂ;cgpl oyed
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downchai n ager segemmdamm;ce lacal actiom) 1£11q12than becqnérthaaagent)dstmnneses have

now answer ed, rformati use he a to enter the
Paecm e ey ettt if 1S alpfdre @W@%&Df iy "519 e\ hsiopues at
step 1120. 15 In step F0EIF tid Biterpt t lg Oypet NEN i N
step 1122, it n|lesssa eet e?r%ér%ed whet her ?ﬁga;%g%%%%@ ggﬂet%ggag S&ro. If

so then, irb stagpntiteputns [T-ISMINE t6 dhermpchain uﬂa:ghbnrcwhmbdeﬁﬁﬁxealgerms—o ent er
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performative), then 1Q steh25 tlﬁ@d&eﬁﬁﬁ%t hignéig reﬁﬁﬂﬁiﬁergq 111%

obl'em routlne

performative to the upchain nei I ch sent™ t

t hen ends (st ergnslmﬂl&):essﬁﬂ (that lsttm)agbmﬁdbds lnet q;ialmfthe inptit m&ssmga' fohitsedtgmdd t he
agent to enter Qqe SS ANSVERS r out T performative, then
the agent has 35040e} 56t hgye pp mjgrpretation po CW;Q eFSags d@?‘bﬂ“rﬁf’fﬂe"l\%ﬂ@h of its

downchai n el GRBRT Gheckd its Mdr%%%ﬂ%‘iﬁ )&é ?gf‘eghﬁﬁ &rﬂ&h&ﬁt Wwaﬁage s

to neverthel esS receive the nessage. Ingly, 1n s e agent
asks the user dommmmtdsvﬁ'nbt;dlenanemasNQT-(M[NE'fmetsmpcﬁmlgﬂbeﬂ(stdp@mpat es

oL e 29 . H5ns Saht dock AR UPSG AR pejehrs, e i 558, 55 agent storcs the
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 IS-THIS-YOURS? query that the agent
previously sent to its downchain neighbors. In a step 1022, the agent first adds the




-40- | f TheyKnowCount equal s zero (step 1120) but TheyMayKnowCount not
equal s zero {ffRRsHI22), then in step 1132, it is deterninedpoinashersstihe
entry perfornatlve was a COWM T perfornatlve If so, then in step 1130, the
agent again asks the user to resolve the contradiction arising fromnore
than one 5 MAYBE-M NE query response. The routine then ends (step 1128).
If in step 1132 the entry performative was not a COWM T performative, then
in step 1134, the agent returns MAYBE-M NE to its upstream queryi ng agent.
The-routine then ends (step 1128). If in-siep 1120 it is determ ned that
TheyKnowCount does not equal zero, 10 then in step 1136 it is determ ned
whet her TheyKnowepaise ¢ik!ahe pérfodﬁatlﬁé)tohﬁsefb dMBEsthitSit previeQdly Fedived with
because exactly one downchai h nei ghbor has cl ai med the subject nessage
uncondi ti onal | y. raspect bethisstred pr a:B@rmonsqs@r@mone@mﬂw agenygtymeporary

T uponai n_quer SANERAAES RS ol F b dHan iR nlE Ben sRocdbatie PROCERSLC,

1138 15 the nesagavE k&‘éd&@%icﬁb&ﬂh&&xh@& t'l‘ﬂ@nﬁfh i %hehtdnds 926
performative, for exa RFg a TH S-1S- YOURS peerrf or rratlx?e eihen ?éngﬂsﬁt ep) 1142,

tlhe aggnt paSﬁes t he nﬁgs;a}ljelsoadﬂowdiak't @fﬁlesPRQGBS&aANSﬁE%mPSIWﬂg have
T 1
downchai n agent RESCBPAIEE SIES T3y LI 128E bk Ti¢ i Higsy 4018 M Ref 137" O

performative, buteg h%&lgcTﬁ@PRéﬁESE%I@NERE%&E%%&%%&Y%A@P etbifififest her e

is no contradictio agent either sends an M NE per ormative to
an upchai n quer yiwhichadpenichdis bgemtd if By, aoy eligibleito tdveive ther messpger f Anmgtritve to

e R S B b

T more than gne eyneha vOBRSS hudky e AR SedtE SARGEMicrke alfiiscl ont

| evel of quality to sati s sent agent nt greater t han
one), and the fo¢usmessage Whh soinallmel of qualitypthétsis epfhtieficior thihagenq That is,
contradiction is indicated. O&“ﬁ*o’? transfers to step 1132, de rlbe
above. |f the entdP§Ey respapies W, FMat iMRESARGSCAR QSUW"T‘ IAYIDE &P, ° t hen

ag ain the syste mcgéflfcsemrzéﬁ' find'thE "agent receiving the response can apply its own quality criteria

to a given response to determine 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



(step 1 130) to resolve the contradiction and the'routine ends (step 1128).
If the ent rmative was not a COM T performative, t |

i nst ead ofwyegglgfsélpng the contradiction at this tine, the ag’gﬁf‘%g%%m
returns a MAYBE-MINE 5. performative to the upchain sender of the

| S-TI RS- YOURS nessage (step 1134). The routine then ends (step 1128). The ~
agent does not try to resolve the contradiction at this stage because, for
exanple, this agent m ght not be in any of the final nessage paths as
ultimately determined. Fig. 12 is a fled8kart of the nethod performed by an
agent of the main 10 object class in response to recei pt of a RESTORE,

TI 1 S-1 S- YOURGreBérrddeyherinde fHe @htephdriRmative) ! ' s MARE NPut
nessage i s THI%S-IS- YOURS or Cd\m thgﬁéﬁ)nﬂgegﬁ%%%;ﬁk%lggsent processes
the message i MAYBE-NENEeoriNOR-MINE thewin stepxd 136,0bequaligscriteria éxeablighedi al

rocessi ng unig_316. O her fhan Louti and learning, this is the step in
\R/ni ch thegl ocd rﬁ}grqges&)t ?&?8{ Eg@ﬂﬁ?ﬂ"f&’g@?"f‘%ﬁ@%t %&@m ¢mbodiment, go P
performative Qiztiérhﬂdlm%enqﬁﬁgﬁgﬁlé{\/ﬁ?aﬁﬁﬂ:%odﬁﬂ%ﬁﬂsﬂe 151 'el-,?s?cért?ikhe agent

perfornms its bl ack box RESTORE process, undoi ng whatever action It took
nost recentd y ITAS;MEYERAE] PAAYBERMINE cesponses whichi lese e deryflow quatioyével, i f t he
user expresses a lh,re to.undo th ent,action, or if the user
expresses di Sggs[epgzﬁﬁlcb[yirsﬂawg e’t"h‘%‘&é&gﬁtéw ReSioBAYeS.o t he nost recent
command. 2 0 In kidp a0 GHE Gfer Ub@mnBCwARRAH rbdponsd 22 or
1224 are taken, the whi Fg box ro%eti ng steps s omth;éﬁg‘t%ﬁ%p?’g%a‘fqﬁ%g%gof Fi g.
12 take pl ace.contnadictioni withaany previeushp r&c2i6d respensegeNoté ithatt evdgtifrwbnes

This i nvol ves HBERIN R RIHLARG s Pet Huben ST S MEVE prdorsyetheraot | hen
in step 12328, sﬁil‘?na?gﬁrﬁo SRR 5, M}%{Qﬁ?le%:éacﬂaczaéﬁgﬁ iﬁ%rg{k}gé)uﬁgfs@gov‘@rﬁgai n

comunities. If nof, then the procedure o 1 g. S
agent has donendssageoviornexainpkndf thesinput fessageeis EVrand VORaQaNtthenVa® M ght

have their own rk to.performjn_response to the input nmessage. If in step
1228 it is det@%‘é‘ﬂ”‘t‘gﬂ' & (ﬁ,@tﬁgmtg%iatﬂﬁﬁggn e otk EragRtands, t hen
i n step 1232, vCR addn claltf tRAf6agd! BRPheed!tB rbdhRliPiifinadel}e MESSAgE. As Wwith
step 920 (Fig. 9), this involves checking the interpretation policy unit

322 to deterni ne whdntdert toea¢oopuodates smlfipld nos-cotteadivtotyeclaimants ony
p.r eprogr aTEBd n?erssa!g%, Q ggnclegtto%[‘f%gg’ ’?st ilnt?gdl.%%li.l }chh aggrlltlw echscﬁa%%s 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




920, however, there is no need for step 1232 to recogni ze interpretation
policies 5 welbiegr for the current agent to performlocal veckusdonsstep
1234, if the interpretation was successful (i.e., the agent knows of a
subset (proper or inproper) of its downchain agents which are interested in
receiving the nessage), then in step 1236, the agent sends the nessage
performative (RESTORE, TH S-1S-YOURS or COM T) to all ofthe rel evant
comunities identified in the interpretation policy. 10 The procedure of
Fig: 12 then ends (step 1230). Each of thé%agents receiving performatives

I n accordance with step 1236 typically will handle it in accordance with
this sane Fig. hTEmpmngcedHIS-ISIVMINE performdiRd4 Thecagepe also dnerementt vhdabte an

interpretation | i or this .pessage, thenthe agent storesthe problem
i ni tstenporaryr %ﬁaygf%wgﬁ\émd “Sg’g’ regel %"(@ﬁp"l‘%@)@tﬂﬁé MASBE:. of
Its downchain a kLN I 2. he ' A The
procedure of Fi 3 %%ﬂﬁvtgth%hdiSn%}e t éﬁl%%@%enﬁ%éc{%eg%%hfgg\ée(ri\%aﬁﬁn%é%éls[ hr ough

t he procedures dav&iagsweled. 1If enedorlmoreRimifiumitiv Hade fbepetlahd@eret theh ¢hergent
determ nes that it has previously jnterpretedthernessage subject
of t heRESTORE, 5 THROCESDARSWERS roytive ends (step p138) &0 swiait fpetherirpsponses. Iatsy 1242,

the agent retri ISWer S . i In.its tenporary
request storag e%‘éﬁﬁ%g%b@%ﬁ%éng%a%%%g%&%% f}&ﬁ P%f’ﬁ r%&*’“’zg"n Tepqves ?@B‘ a%44,
the agent executaspeniine mumﬁmsmwm@eomfyrmgmw&me ténf espect
to Fig. 11. The procedure of Fig. 12 then en_dsééstep 1230). Fig. 13 is a

flowchart of thdesponsrsdTqse peREsithin fhah gomgunity, 3f anyherergnoned2 5in adifferent cl ass

in response to r i f - k- performative. This is the
perfornative wi ti&m%ﬁtqﬁgn #{ﬁggﬂ\@%%ﬁ@e fﬁeg‘?mbﬁdlrgeé‘loééﬁ%rpoﬁggsponses
back to the Bgenhaytd eppiel figr detdimitiing whethe GlsuffidichLftsifonke BasbReffecéifedt €P

1130 (Fig. 11). Both the nessage to the |I/O Actuator 446 and its response,
processed i n Fi grom a dowgchairgagenter aggunumityef er ence to the problem|. D.

stored in the agent's Qr [gquest, storage it 326. Thus, i.n . step
1310, after receipt ofﬁg{‘n%%;i&g@ dp%or“f%lf'ﬁ%ﬁsi_ ?H?Weanﬁ‘ﬁgﬁ@ ‘Pre'?ﬂi‘eeves
the probl em ft orperfosmitRRRAHICH hubedAHE afent IPEMERhSPROCERS ANSWERSodtide2, the
agent |learns the user response in a nanner described 5 hereinafter with

respect to Fig. wasaCQ pasformative, then flagaentinues atstén 5120NL EARN
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). Ifin 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, in step 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).



performatives to all agents upchain of the present agent, so as to localize

t he Iearnlwggb;aﬁjshe present agent. In step 1316, the agent BOTRUS9H/0d38f pret s
the problemagain and attenpts to respond to the original nessage (as

stored in the tenporary request storage unit 10 326). This is acconplished
by providing the problemID again to the PROCESS MESSAGES routine of Fig.

6. The procedure then ends (step 1318). Fig. 14 is a flowhart detail of
step 1312 (Fig. 13), indicating one sinple |learning technique. In
particular, in step 1410, the agent nerel0r adds the word or word

conbi nati on or other token, which was included in the nessage content, to

15 the interpretat lMh@mlow@oaatéqnmst&bqste%em)bﬁﬂmmymmm s, much
nore sophisticated | earnin orithnms can rogramred. In step 1412, the

procedur e endsequasgero] Gteps b229,|@mwastepolf13t2h@ lﬁmmpélwhﬁthﬁé(ﬂhﬂo?ﬁe’n agent

TheUNLEARN 20 PREPFBIRCTM,§ COMBRT Wbk Ebo, S gl FOT iGigeht < '

performng a sigm &dksthéusdr3tbrdsbive thé%bntré}éicﬁ(ﬁ{ afisthg froni nfor€ Rhahodd t he
UNLEARN pr ocedur e relﬁ i nvol ves renoving the entry for the nessage

content frof tMAYRBE qeesyiresponse: eFherrouting then ends (tep2128YhE instepent

agent does not or the UN tive to it upchain
agents. In stebﬁﬁé‘g%e&y%ﬂ%%é(?W@"?kEwi 'ang’iaéwfz’s SM& of the
net hod per f or ngad absht AdurRSMA YBE-MISE fﬁtﬁp@@b@&&u&&xﬁ% énf TIRSBEMREhdP
recei pt of a DI SSATI SFI ED performative. In a step 1 the agent first

retrieves the ends(sen 11380bl em‘romts stored problems. In step -44- 1610,
t he agent then asks the user, I h u nterac for feedback as to
whi ch communi ty knom# nieR ﬁzg g%f"%?lge‘ftga%g‘eygg%‘ﬁhgﬁ’ [dgesnt eyl 20 ect
message. | oSt fn #fskeh 1 BYeli€fs defePmined whBker TRSRABHCSunt &faRASYF sb &RENS t he

new interpretation policy by storing the user response in the agent's
i nt er pr et at i ontherslis oy comradicgion beqansesexasﬂ)e@elcwmchm nelghhnré:ps dgitned e g. 13),

t he agent sends an, UNLEARN perf.or of the a S in
nei ghbor s. n Sbist mesee et“ﬂg 'E\ib"é%gﬁ Zﬁtbp?agg’ 6t s a§F§§%’ﬁ E%%ﬁg
performati ve dYWUR@péd&nElWeQﬁbﬁI 138, tR&HTABP 1 140, {hd gt Fet YRS 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). Ifin step 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



chosen by the user. In step 1616, the procedure ends. Fig. 17 is a
flowchart ofywébesd¥gi hod perfornmed by an agent of the nmain 1.KCTA§%4337Z] ass
in response to recei pt of a FORGET- PROBLEM performative. In step 1710, the
agent sinply renoves the problem stored under the problemI|.D. specified by
this nessage's content, fromits tenporary request storage unit 326. In
step 1712, the procedure ends. Fig. 18 is a flowhart of the nethod
performed by an agent of the main 15 object class in response to receipt
of an AGENT- SPECI FI C performative. Wiile-4lpure inplenentation of the black
box/white box m ght be preferred theoretically, in practical applications,

it is often necqaBiative wasaTCOMMIIOsErfentstiveOthen pgdis theuwystemagisthe asapeci al
processing units 326, even thou&h that mg requi re know ed%e of certain

ht

procedures or ddstepili3®rtas¢solve theeonipdistion andthe eoutine gnds(stepIias). | Hithen 20
nbodi t, th t ]t h NT -

SPEGI FI'C per o it BeRoRgH e s K OV T porRERMAR, (G Hiaf, U ST

portion of the agesivisg B contRARHES af this 1iHRSthe @gent SifpRTetuais AMANMBE-MINE! ' S
special processing unit 316. The procedure then ends (step 1812). As

previ ously nemt ipenfotpativiato thganehainsengdsrjof the IS THISAYOHRS yorssagedsteml 13425
agents which are_i nstantiations of sect S N s Il al _object classes which
extend the main J’é’é’ﬁ_"%lt@s?n Fﬁ%&gﬂzﬁioﬁgh% eﬁg;&ﬁﬁ%f‘?t ﬁh"%’&é‘ﬂi’% % the
network are i nstQpthBbAdNS I8¢ QRdcusk Yob BRsIpR], tRPAREL mighPAGSE iMBhESE ext end

the main object class. One of such agents, in particular the Text 'l nput
agent 410 (Fig. t4? finalimessagepatheas ultimatly détegminetbed. This agent differs from

th ts in th \ K. ly Lp its, Ijst,.of i ghbor j ts, but
2l S0 i n-the funct i ons Hima i 8 Hoeres pEthe metied disofmed BU e 1ecet SRTRIE at | on
functions stfp %c?éla@rﬁeg%nsﬁb%caﬁb@oféRES'fd)RE’C'bHIS-ISIﬁ{dUl@S aqeosmageci fic

communi cation f ons 19 performed by Text 1nput agent 410. 5
It will be recalpesfdrmitive. tIfi éhequpeiormative aif fthecinputnmressageaisi TAISFIR ¥ OURSs ot ake

Dl ace Wi n e SRRl 2B ke T2, el PG O RSB 420
T b kB b U GRRNG \Ohetl ing
i nput from the usaning) thissothetsteprin Whidattiaqz)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. ARESTORE 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. This involves 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

itis determined that the agent does have downchain communities, then in step 1232,



10 1912, the Text Input agent 410 sends the input nessage, as it
currently whagggsrto all of its downchain neighbors w th apbpResyPIRS
performative. The step 1900 then ends (step 1914). It will be appreciated
that the I nput Regul ator agent 414, which is the only agent downchai n of
Text I nput agent 410, will respond to this nessage by attenpting an

I nterpretation, 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 otherw se ind2eated (for exanple, by pressing
the enter key on a keyboard) that he or she wishes to commt the nessage as

it currently shedpdat{ttimges tb%it@ﬁpret&liﬁﬁedsﬁ%e? AeRvitiiiép 9ZDQHFT93%<M§ ilRINesagent

410 sends the nessage as it currently 2 stands to all of its downchain

agents with a cheshngtheinterpretation palicyaiiti3a2 te desermningwhisher theinputansssage | nput

(Sop 104y " LG BPar BREbHE AR BE | BHR rerbRpRnolicy L WS S8Rr e i
i ndi cati on ha92becksweler,ahéreds nd hewd forstep 2234 RcogriR inigretaiOipolRBRNT 410

determ nes whether 2 5 the user has indicated dissatisfaction wth the
response of5 t Ifallisg forthe gurrpet agest 'te pesformr localnworkuerlp step d@8#pifdthel f so,

then in ste : I . agent 410 sends the prior nessa toits

downchai n ageﬁé%ﬁt%tﬂ&a‘;%é%gle?gg?w yvstoga %hﬁgtég‘foﬁér AHEPORFYo undo

i ts incorrect ofith H6WnchaGgbhte Which afd ifieresa4n réc@ﬁin%‘iﬁémessag‘e‘i?ﬁeﬂ iHRip agent
g

410 again sends the prior nessage to its downchai n agents, I's ti with a

DI SSATI SFI ED p23é.dhewgentsendsshemessagoperfoomatived RESTORE, THIS)IS-YOURSuser

voi ce-entry ti S rred, .and no.user ¢ i1t i.ndi cation has been
det ected, and glj ?%?lg‘gg%r %&%‘lﬁ%‘ﬁn}“ﬁm"éE?P%%Tﬁ]%@eﬁé@mrqtmw!%, then a
5 step 1926, TheXprotddntt offEIgN12 fHen &hak ¢itsp MET0)Velch

i ndi cated a desi )rﬁ(;ot_o un?:lo tghe previ ougsréag:t i 03. I'f gg}“%ﬁ%&rﬁﬁ]ecgt@%ﬁ 1928,

t he Text | nputpesfgumativay id aseordancerwitlpstem 1 23fetypimaily will handledoinrackardmeagent s

wi th a RESTORE .pe forma?ivg simJdarly to step 1922. However, the Text

| nput agent 418 SIS EIE JPPERGCEN®s with a DI SSATI SFI ED perfor mat i ve.

I nstead, step 1900 tihpnstézB4(thé ﬁgen%%)és)nqtjlﬁyean_interpretdtfogg)oﬂéffor\@ﬁi'sce'entry

ti meout has occurred, and no user conmt indication has been detected, nor -
has any user diessage;thenthe pgent Bores thepioblem indtssemporagyrequest storage unit 326

15 (step 1238) and queries all of its downchain agents with an IS-THIS-YOURS?

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 I/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 I/O Actuator 446 and its response, processed in Fig.




command been indicated, then in step 1930, the Text |nput agent 410

det er mi nes Whgj fdsadine user has requested that the previ ous RCTIUSAYET7
redone. If so, then in step 1932, the Text |nput agent 410 sends the | ast
nmessage to its downchain agents 15 with a TH I S-1S- YOURS perfonnati ve,

t hereby causing the systemto repeat the nost recent action. Step 1900 then
ends (step 1914). Typical Network Message Fl ow Most ofthe flowcharts

descri bed above represent object class nethods of 20 individual agents.
The-overal |l functioning of the agent net witk as a whole results from

I nt er communi cation anong the agents and the performance, internally to each
agent, of met hod43gnedidesseferansetotbeproblemdl Bhstored in the agent s tanposery reguex pl ai n

the overall functioning . of _the_agent ne k ,as _a whol.e, ,-Ei , 22

and 23 are fl owcK@rese g@%é?ﬁg*bﬁw ot WeSt%ﬁl%AchagerecS@Ero t gﬁtﬁ L‘ﬁla"]tg_gmlggﬁet wor k

of Fig. 4 perfor "§?1%§1ﬂ;a'ﬁvé %g%%&%étﬁev@@fﬂe%&lémﬂoﬁﬁ&s ﬂéﬁ@bra‘z‘f’téﬁfﬁedt Bfoddge These
n I nt ended t 0]

flowcharts are cover all "possible sequences events, but
rather, ill ustr ajsit306€ It stepdBil2) thet agentclesrns thgmseraesponse in-asanngedeseribedg t o

Fig. 20, the flowhart begi ns when_ the Text | t,agent 410.(FEi 4
detects a pause mﬁm&ewgrre@eoﬁpé’g-ilﬁp as(‘?c@%ﬂ@i&?“‘?’ﬂ“ﬂ&%@i n
accordance with step 1212 (Fi t eRy 288pdscalibetienput
nessage as it cu entryvé{é)n%}ga%%l%%lﬁpe&flﬁpout %?ggéguflgtag%&éger?t 414cvvith a

THI S-1S-YOURS 5 |qa@kih@inthé présent kgenst ep 2014, it is assumed that the Input
Regul at or agent 414 has not seen this

r qQbl em bef or step 1226, Fig. 12),
and does have downchai An &Pt fl}e@ger(tégqgﬂntf@zgtg' 'Pégb}érﬁ)“;ggﬁﬁ’é‘ﬁ?tméﬁg 4 t%]e
| nput Regul at or ent . 4 ; ' rs ' It 12) .
n st ep 2016, 1 e o e 3hpaRThasaR (I YOIREIR ol Riugl $torade bt 15
abl e to interqy e26eThid Buiccsreslishaieby(proeiding 2Beiprobieg IDL&Pain tofthe BROGKSS i n

step 2018, the Input Regulator 414 sends TH S 1S YOURS to all rel evant
downchai n comnimﬁﬁﬁ&wmﬁqeééﬁgﬂ‘st H'éepfﬂcéf‘ff?g}e&tep‘éﬁ{s%ﬂ%&é)'(see step

1236, Fig. 12). In step,. : ) A 9F : tor
agent 414 which recei v%ggég%agwgq%%h%qgg% ;Fégr%g?’pﬁdé&@gg’ﬂ$§?%| y
perforns steps silgrhiag te@hiiiRs dn@hiticlar, 1ibsteR 04 105 tinbargentinierely laddstherword or

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



If in step 2016 the I nput Regul ator agent did not have an interpretation

policy f I Siqf Nput nmessage, then in step 2022, the I npyl-rRadeyaLPr agent
414 storé\goigﬁ)g&[g#obl emin its tenporary request storage utr?ict 326 3?F?Dg. 3)

and queries all of its downchain agents with an IS-TH S- YOURS? perfornative
(steps 1238 and 20 1240, Fig. 12) Eventually, all of the agents downchain
of the Input Regul ator agent 414 respond to the query (step 2024). Each
response passes through the Input Regul ator agent's procedure inplenenting
Figs. 10 and 11 herein, including the-appiication of quality criteria (step
1116) and attenpts to automatically resolve 25 contradictory clains of

ouner shi p (St 802 d0eeniihen 608/ha dhet ipSughaRel kdralion! ReTBLabalk ko> ot 20

foll ows automated contradiction resolution algorithnms on e user is not

yet asked f orwhich esminusityoknown tiytthis agent isdo belrgsponsible foe thefsabject message. al |
Whether Ttr - oisis 16)2okhed s et ORIl R SHGHEIERE PR APYIBEPrRURtry  of

et her i -SHE- S 2 0
ownership fr ] i i e\],:%.g : icﬁr’%ﬁi hOm, 11). If
it has, thenﬂ%§?yg§v@%?%9ﬁgﬁ??&g‘f&epﬂ%§§@ﬁt i%ﬁa{?ﬁ%l npt}t?’E%eIgnul at or
I%_gent 1i)endsE Tﬁbﬂﬁlﬂi]& ﬁﬂdﬁfeﬂl_:%ldlb(i‘igr ?3)eﬂmgugent®mx&mlﬁNhEA@Ebper&)r(r?ﬁw 1_14_2I in
i g. . Each do ai n_nei or then recur e erforns steps simlar
to those of Hogll oithe agent’s up H“ﬁ’é‘]‘é‘?fﬁ. Iy FtePrJf%g’ébZQ thennagses the | 1 pl e
contradi ctory ' ' Aebei i Bothm nt 414
merely return%%?mgg seedtfgfg%%ﬂ%& Felx%l‘IIBSI:‘ll-ll:}%] to ﬁ%g}t&rslbg%ﬁt agent
410. Recei pt ¢Hosen byhe MbédE Ipstep A6 b tthe probedure emdsagent in response to a

TIHS-1S- YOURS performativye indicates, that 10 coniradi cti on_has occurred.
Anot her enmbodi ment B8ul §isaHowchkart eishe method neformed bicar agent of the maipose,

such as CEpT ' TR ﬁg@%” E
performati ve%@égg&%‘ggﬁ&gﬁ of;]é;:gipg% ot e(r}Emeanl ng eegﬁpg@g()?{/g%t%\fﬁ
response to almig, $hé¢ agaifliRtplyerchmoventhes probldnostored angér thie piobIBM-MINE, in

step 2034, the procedure ends and the_input nessage is sinply {gnored. 15 °
Figs. 21, 22 wﬁzg?’ué@%ﬂ%‘ég? R &Y How 1is{SMPPIIREECAesh S10T48F WS 26ar i ous

FOEntS dout A 10 et 0 oger e1L, belneer e {1e hal the
- downchai n Fig. 18 is a flowchart of the method performed by an agent 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




nei ghbors (step 2022) and the tine that all downchain nei ghbors respond
(step 2024). | omcharts 21-23 are not necessarily limt

happens vvithivg;&g%ﬁla single agent. In a step 2110, the agent&ﬁ‘g%:sg?l\y/!é"?the
query fromits upchain sender. Initially, the agent will be TV agent 418 or
VCR agent 420 (Fig. 4), but the flowharts of Figs. 21, 22 and 23 apply to
any downchain agent in the network. Thus, the subject agent is referred to
in these flowharts as agent #i. In a step 2112, the agent determ nes
whet-her the nmessage is within its own 25 lggal domain of responsibility, or
It knows of a downchain agent or agents who should receive the nessage. If
so, then control. MR, £ | :
herei nafter. If td h;{ecﬁg%{éﬁ{lﬁsdé&ggttc{rﬁ?rggpal m trtﬁg%nselglst%gnee%%%rrkql F’? g@#?‘ qgélﬁtdp fdoes
not have any i nt asighteirmgiagenty) bt slyo ingthefunodom what d perfomsinthel jgent-speificwhi ch
fits the -49- input, nessage, then in step_ 2114, the_agent determ nes
whet her it has afgmawRicaen fynetionsstep 524 et Figr S Big. 19 senflowchartaf thejaggnt-t e

agent returns Nolgée\éidg%o dgiatiwﬁn@&&s§96@§§rﬁoer%§§§y g@ggnﬁ%gk&ﬁbg- 9.) If

t he agent does ha ownchalrn comuni ti es, It queries

all its downchlai n comiywillitesrevilled tian tHeSegeht-spEtifiScoinbduficatitar functivns take (st ep
930 in Fig. 9). In step 2120, these_steps_repeat recursively in each

downchai n agent . Pleeewithiatheeventioon offig 5o Whepgyenthe Fiextinputiaged di@awakens,

responses fromits_do hai . ' |j | teriat h
resgonse and att €&t % irllgg}%t %hghﬁ?%%#?%sw %éﬂs}gﬁ @ag%g%r%%’?s%%{l%?eé%r;ﬁ,%tﬁ%eﬁﬁg of
owner shi p (st eps Id piicalae tReé Q@erit efortlines Whether a Predetctded pAESNperiid has

determ nes whether it is 10 eft with non-contradictory responses from one

or nore of its dewpitsdamithousany farthenichanggs ehiapwieemghe yserpdf sos then inistep
nessage. |f . rol tr f o,.the flowhart.of Fia. .22 |f not,
then control s"‘t(%)r ahgf@;@eo’f%n?r}%ﬁffe&ﬁéﬁ%?@h&heﬁpélft mf\%%g?{e# étrc!"lFﬁB %méf’gt.o 22,
in step 2210, nowllofal do@REHain teighBbrs WiliEL ‘I‘EHSIISIYOURB'gie?Ehﬁéﬂ%Y Thesfepnses
fromone or nore downchain claimants, it returns IT-1S 15 MNE to Its

upchai n sendi ng d§ehtheq ends (step 18149p Tiowill)be appreciated ileat shpclnpat Regulatas agenth back
up to the agent Lch.i.nit]ated t [ S- THI S- 2 guer | n.&his se

I ﬁput Regul gt or 2‘?4"%8&? Wﬁ%ﬁgegﬁgogp%naqf%ﬁ%gggzgegﬁlq, B‘Plﬁ FSR¥ePn with
respect to Aggnt this meddage by Rttempest b inbérpRatioh, dmdqidryns itb ovadddwschaier y

because it ha ]
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 as it currently
20 stands to all of its downchain agents with a COMMIT performative. Again, the
only downchatn agent, Input Regulator 414, responds as described previously. The

step 1900 then ends (step 1914).
Ifno 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



2 0 received a TilS-1S-YOURS perforrnative fromits own upchain neighbor
(Text Inp §y 410) in step 2022 (Fig. 20), and it had permpeRia
interpreta |on pgllcy. After all agents downchain of the Input Regu ator
agent 414 have responded (step 2024), if all contradictory clains of
ownership were resol vabl e automatically, then the Input Regul ator agent
sends a THI S-1S-YOURS 25 performative to all relevant downchain
comunities (step 2018). One of the responses being considered by | nput
Regul at or agent 414 m ght be froman agget in the path | eading to Agent #i’,
and any resolution of contradictory claimants my

or maynot r esol r.gr hauR 40 Fﬁ%ﬂé}ki@the%ﬂbr@ﬂ& t@ﬁ&%@rﬂéﬂiﬁi‘i ﬁ&u{m&ﬂrﬁeagent

-50- 414 and Agent #i in nmay al so have multip almants to
resol ve, and withseDISSAHSBED paformatIMyStepﬂ%Qeﬁmhends(rstepd@d)#) of the path

| eading to Agent #i _.Returning to.Fi t her, ef In step 2212, the
system by this procé@?‘ﬁ%‘t@?%q’?&%&‘%%ﬂufm P%H?%F?’BW&“ Q@HPR| ng

upchai n of AYRA! bdth deeefal 4 B ubdr isatF{chBn RRicReic iaﬁg&bﬁﬂndicﬁteﬁ%gﬁ afti . If

not, then in step 2214, the nessage W be han sone ot her agent in
t he networ s (mmpdgzstmmubdgemstlﬂwemﬂnegwhﬂherghe useshasindidit€éd a ddsireso, t hen

event ual | in st 2216, Agent #i chain h or W eventually send

a TH S| SYYQJ#B“B&? rR’FﬁY‘P\‘/%a"E‘B“ Aé;%??o U‘E"rn mrsrrpsf%g k@%‘htﬂg%t kes any
t- f 1224

Seon Ha 10 e RE RO idrintEARIBTE donbitty égﬁgéé“géﬂeiﬁr@%?dﬁ%@%n 'to o her

rel evant agentsinitholyrto lseepri 922, /H;mdve#rthe Téntslnpm apée 41anjoes notfollbwahist he
net wor k det erm_nes_t he correct path VF Iq Ffége correct ultinate | eaf
n

agent (s), and WithehDESRAESFIIR ped pHeh 1209 then ends (tgp §914).
0 fic f o

mossage, g9 © " \"C bl i sy AR 2oL i B ubSEARRRIAGARAC | s
recei ved fromhagdeén 'd#ﬁested,omrcitaranynxsexg&bsausfactmmm inditated oF |aﬂ€un‘dbe
nmessage or clai mth ness n,a contr or, nner and
cont r adi ct i onSomEaad g S‘E“‘P%gﬁF%fB?‘bm oﬁé ﬁ/eiit npRieagenthtd terﬂ’é%%es to
the fl har t

e Tlowchar vﬂfetﬂ:eﬁ'%el%%rh '}ei.ﬁel Rd ﬁ@hefnjerxﬁgi a&f&%émoqgor%ve 20

NOT- M NE perfornatives, ownchai n nei gh
declined the rs@slé)@@ thtﬁmlnputagmmmﬂdsmgmstmemageetbmdswhlﬁmm\dghlﬁst oits

chain sender fore I be [ ti mat el hosen
ggt h :c or t¥k ﬁ'ﬁlS—Ig 3}88{13 perfomvl\g.t{ve ereby catllsnmg tq'n% slyjrsterln to repe%t ’81

most recent action. Step 1900 then ends (step 1914).

Typical Network Message Flow

Most of the flowcharts described above represent object class methods of

20 individual agents. The overall functioning of the agent network as a whole results
from intercommunication among the agents and the performance, internally to each
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.




i nput nmessage (unless the user explicitly selects the path through the use
of DI SSATI Skl &bYss3gif i n step 2310 Agent #i's received respormEsUsIOA3Ndt al |
NOT-M NE's, 25 then nore than one of Agent #i's nei ghbors have clained the
nessage in a contradi ctory manner. Depending on the quality criteria

enpl oyed by Agent Ai, such clainms mght include both MAYBE- M NE
performatives received as well as IT-1S-M NE performatives received, or may
be limted to only IT-1S-M NE -51- performatives received. In any event,
in step 2314, an agent which has receiveddtontradictory clains of ownership
fromits downchai n nei ghbors returns MAYBE- MNE to its upchain sender (see
step 1134, Fig. 11). Aeasfingho Fi0as, thelowthart egins svhen the TerBbutageiits410
contradiction at this tine, in part because the ultimately chose s _ path(s)
for the input rréEisa@)sdmmpmele\mmuseﬁewewenn@é(r&temquotviwmmw%1&5 with

i thi n-a pat b ofceriingh Wi ep 8T (Fig AT ot B ot AR ¥ lophfindeett
woul d have to bggheseledf stafids’t\the Tnplit Regiidtbr ARACA POWHID a ATHBLISHYOURS Agent

#i to eventually receive the nmessage. If that 1s not the case (step 2316),
then 10 in saemeﬁaﬂmﬁve.hbxmz&lgeltilsmmedﬂntthylnmm&es@lalbyagﬁméwgajents.
I f Agent #i is eventually determmned to it hinoth ath for, the | nput
message (or wit Hih sg%{}g¥pgo§ifg} g‘?fgffa{sﬁﬁ’ %ﬁy\hge I?hpﬁ?ﬁ §§§6%??w?ﬁ' in
step 2320, it WidhhniffRs (8651228, P 1210 UccoameRY the ThA Rdghlatdtcdpaitry1aei ghbor
wth a TH S 1S \?IOQJRS persf(ﬁfﬁrrative@fstgp 2%20).g v?/evg?ﬂ, EIs)gimr?ce the agent has
a contradi cti on attemptsian interpeetativingstep 1232 dliggd2L5 through its automatic
al gorithns, the agent _nerel et urns YBE-M NE, t o, i.ts upchai n sender (step
2319). The systemther‘némizmg’ftﬁ?i’}?m gtof ﬁ%“tﬁ‘ﬁf‘?‘}fi"tﬁ%g SHEL Wi shed
i nput ting, t 94 Fig2He)) 1Re4, tRéh inlshp 2038 Ay
Sy, P BARLBRARFOREES QR AT T (2 Msb B instp

| ssue a s a hat performati've eventual |'y
reaches Agent #ithé dhmp RE&Rlator Atyersendsi THISES YANYRSigerall rékéyvants dewndhain act i on

that is required (step. 2322 an proceei%is%llto.re ol efzgﬁlglg igetion_
i ndi cated by thé’oﬁrli@‘lﬁ'g'?ﬁ %ﬁ@ﬂ“ﬁ?lﬁw %ph%ége, i\;@d > 2‘1:}32 o its
| S TH S YOURS? gieap) %gx%%%%w&h h8BeY g %@n&eﬁ&geﬂmw}g& R¥eivedlseaact i ng

. ai
with the user (step en, In ste It sends the nessage on to
its a THIS-IS-YOURS performative, recursively performs steps similar to those of Fig.

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



resol ved downchain agent(s) with the COM T performative. Each such 25

downchai n {gfd ceiving the nessage takes appropriate act'#]lr)H ponse
to the message?“%sggi nning at step 2218 of its own i npl emant% | %ﬁg?ﬁe

flowmchart of Fig. 22 (if that agent had previously received
non-contradi ctory responses fromone or nore of its own downchain claimng
nei ghbors), or at step 2321 of the flowchart -52- of Fig. 23 (if that
agent had previously received contradictory clainms of owership fromits
own downchai n nei ghbors for this nessage)s- Fig. 24 is a detail ofthe
automatic steps taken by the agents in the network to resolve nmultiple
downchai n cl aiaefceived oré oFRivEEth-donbi@ficttPdaibid ofbxgnerg%ﬁﬁorﬁits?b\tng& nt
I S radi c

enbodi nents can use different algorithns to resolve ch con i ons,
and different aggatascevstepsilh2Gand hig6cFignbbdifie hes, then the Aovirbfuesatotstep

algorithns to ol ve .such .contyadj ctions. e L1 s desirable that
all such al gor#qtqﬁn’él \glgg‘}hﬁp IPE‘{QB{%B{&%%&SFPHSH’?%#@?% tRyall zetgvant

i nteracti on t dowrcHath reibhbérs hCch4b S eVESR ESRonchaifl Sk t he
systemto respond despi {% theo“g?esengg Fé?efclgnﬁ% ctl o‘ﬁglq%%kéht%ﬁ%@{ephe
syst em canrfot reemsively penformsesteps aimilar {oabived of Fig rX0casrdesdribed hérefn, 11 St ep

1130). In the al gorit.hm of .Ei 24, it j.s assungd first that |IT-1S MNE and
I\/AYB)E- M NE res pogsesﬁ fn ¥Re 3&@@}?&7 #e%?lﬂﬁﬁﬁgmﬁ%%%@%ﬁh%ﬁteﬁd with

an | S-THI'S- YO58, ReTnbRIHERuIaYHag&R 4] ¥ mif ﬁﬁ%m ' ﬂn@ ' URLIAS
priority 15 of the rEe)spondianga gent.nﬂldﬁh‘te e pregreﬂr?[1 e ég%%%eﬁtl,lgggent
priorities ar &Fipridptothe Tendputragentetd 0 h Receiptt of atN@TIMINE performativ®rém
priorities are shown.n Fig. 4, a it c e seepn that agents which are
closer (fewer ¥opeStiB FHE’%PWPC%ME':%—E-%@S drerjonmatyesindpates thatiar i es
(I nput Regid atQntrad 1A EARRRS hs ' seriorltihes than
agents which ar et no?d(iagndi %’E‘aacr??@ggreat efﬁgﬁdﬁg{éﬁ&gpi%%%%%%ﬁ{é%ﬂﬁ?%@

ori gi nat or agédnt thig purposeagehtas OCONTRABICEION, gt rethe psssestienibodinnbthe
interpretatio | en.it passes.its Q riority level upchain with -
the IT-1S- M Wmﬂe&@mﬁ%ﬁw&aﬁ? a’@lvly‘gf ﬁ%mi‘eh@g@é@ewb‘?ﬂ rgcgigedause one
of its downchgjpe Bisa THES-$$-MOBRS Pﬁ“ﬁ’%ﬁt ses
upchain the pri orslﬁ?% I e%/el t hat was E%g%rﬁfalﬁzgqupr?nt E%ibégwnc al n%gzj%t' S

| T-1S-M NE ( MABEp 2034, the pibredyze Earsrand ithesnpuihmesssagedgsimpBrigndredt t he choi ce
of a perf oj{e tive ( I\ﬁgsBE_l, 22 and 23 describe the process that takes place in the various

agents downchain of the Input Regulator agent 414, between the time that the Input

Regulator agent 414 transmits IS-THIS-YOURS? performatives to its downchain
neighbors (step 2022) and the time that all downchain neighbors respond (step
2024). These flowcharts 21-23 are not necessarily limited to what happens within
20 asingle agent. In a step 2110, the agent receives the query from its upchain sender.
Initially, the agent will be TV agent 418 or VCR agent 420 (Fig. 4), but the
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.
Inastep 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




MNE or IT-ISSMNE), the priority level returned with a query response

i ndi cates ayw@diedgnce | evel with which the agent believes tjegusoissyrt he
owner of the 1 nput nessage. Such indications of confidence not only can be
used by upchain agents in -53- determ ning whether to discard the claim
of owner shi p, as previously described, but are also used in the
contradiction resolution step of Fig. 24. In particular, in step 2406, the
agent first determ nes whether the focus of the newy received ownership
claim (I T-1S-M NE or MAYBE-M NE) overl aps4% with the focus of any claim
previously received. If not, then there is no contradiction and the

routine returnsidput ilessxg8S1henlih §ter 21¢8, e gpear deermihéeWhethes itclas2430, the
agent determ nes whether there is a tie,, am)ng al] of its downchain
' nei ghbor s cl ai Wpwgchatecapmwnies, Ifngt, thandn tep RA 14, the agent reumeNOT-MINEcat ed

by the response Lt h.overl appicng f .| t ose

response carri egg ﬁ%up%lﬁgl Sﬁ’i“g“'ﬁ-e@{sgﬁﬂ? gﬁ?@%g\)em %&?%@lﬁﬁg&%ﬁ@ri ty
cl ai mis changegomfubities, @R stép 2 ABHOG RS J8Gd6WhcHatnoAMRinities vitB4RIS-0 a

NOT-M NE perfornmative and, if that claimhad previously caused either

TheyKnowCount5 oTHISeY@HRRA porfermative (step &30 indfig P ninestep 238 Hhessisteps repeatow
decrenented (step 241.1). The,routi.ne then.retuLns. Wth e cont | ction
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than not to relate to the sane conponent. For exanple, the user m ght say,
"Turn the vol unelaiming the médsagosat pasts of fhe'message.t Hesof thes comsfol thaesfers tethgest s

I t ly, t f t 430 in Fig. 4 (t d Nt th it
11 kel y that  dieweastahiiBct? (Bl o8 sobssl snters o e foeB PEERI 21 (ot he
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Accordingly, returning to Fig. 24, if i'n step 2414, the agent detern nes
t hat of the two contradicteryaespionses droagene ar mare downehainagiginants fibctarnaldI$ravi ng
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back up to the agent which initiated the IS-THIS-YOURS? query, in this case Input

Regulator 414, perform actions similar to those set forth herein with respect to
Agent #.

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



recency, then in step 2415, the cl ai mhaving weaker recency is changed to a
NOT- - 54 and TheyKnowCount or TheyMayKnowCount i s A riate)
decr enent 2\399%&& ep 2416 the routine returns with the cont‘{rdgfgljs?fpll?%zlphavi ng
been resolved. |If neither of the first two stages of the contradiction _
resolution algorithm5 were able to resolve the contradiction, then in step
2418, the routine returns wthout having resolved the contradiction. If in
the future a COWM T performative forces the agent to resol ve the
contradiction, it will do so by asking-Bbe user which of its downchain

nei ghbors shoul d receive the input nessage (See step 1130, Fig. 11). This
may be acconply §aed AB¥nt 4 Rith€yARRIag als® hiRmnilEplk BRinkHE to riMBIveaathae 10
descriptions of such downchai'n nei ghbors. In ‘one enbodi nment,” the agent

of fers all of detisionomay i mayapt)imesobee imfaverlof dhé path leading) oo Mgene#bodi nent ,

the agent first nasr .t chaices to offered to,the user in_ accordance
with gne or MWE@'& ﬁ‘iﬂ&eﬁz @é@ @ﬁz’i {hg Syt $%@}3@E?Q?ﬁs deterpingsi on
al gori thm  suGhhefier hiflSont@dicBordlocsirBRgu G?R‘ée%ﬁsolb&nmrﬁfﬁgga}tgt he user

eventual |y responds and the systemlearns the~15 response in acc ance
with the flsowldading tofAgentgh. Ifdot, Ehemripbtep 2214, theamessggeavill be hymlledbysemsage
flow, assune Text |nput _agent 410.(Fig. 4), detects a yser voice-input
message, " Pi ctof%E 3B tt“l"lg‘erg'\e?flﬁrk'](usf“ﬁg ﬁgg%%éhﬁﬁg‘%s%én&@ stqp2216). It

t hel nput Regul 20 EnfhiMih b 5. AgeiGR : Ve ' he | nput
Regul at or age%%’oeéillms‘{%ls ﬁ%y]iér}teﬂe-rprét texl\{on ?@F’?"I&‘gﬁ ruo%lﬁllﬂlsé%%%aﬂw%gésage, It

sends an | S- TH THISIRSDURS pyrformakive to Agent T &gsep 2218 Agedt #hrakdéGyagent
420. The VCR agent 42Q also.cannot inferpret the nmessage, so it sends

IS TH S- YOURZEeHzpeaificantion inresponsefotheinpyfimessage £35in stemmedtord 222iFibor s 424

and 426. furd he. 0 ' PR '

subnet wor %’,éeéfg%ﬁjngl lﬂy&{bhgz@%%é%t 0 Sraecel vsggﬁ&glb% &Qﬁa}%(%ﬁgms of its
downchai n nei glolomchain bf Agéns #ef Thie iy the pander ihiGrhidk thE netwdrk deterpines fRegul at or
agent 414.

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), ifthe messages received from Agent
#’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. In step 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 #i’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



-55- In the neantine, TV agent 418 does have an intérpretation policy for
the i nput ne %ﬁsﬁarrel y that all messages contai ni ng the weppgushyoser e
are within the domarn of responsibility of Viewport agent 432. It therefore
returns IT-1S- MNE to the Input Regul ator agent 414. Since the |nput

Regul at or agent 414 has 5 now received exactly one response clainng the

I nput nessage (that from TV agent 418), it sends the nessagebackto TV agent
418, this timewith a TH S-1S- YOURS performative. TV agent 418 perfornms any
speci al processing local to that agent (wleh in this case is none), and
passes the THI S-1S-YOURS performative on to theviewport agent 432 in

accor dancewi t i t sdrirRiiyed rédelv@aP ol kifyeved, MG 23 P0G bockd whithhab féckReds any
speci al processihg local to that agént. Then, since t%l ewport agent 432
does have downcheontradistayitlaims of mgersh‘lp framiits downdla&fneighbmg retgﬂmMAYBE- and
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it clains the nmessage. by returning an I T-1S-M NE_nessage to the Vi ewport

agent 432. Vi enwpAsentayerpventually regeive the messagee ishat i mﬂ@rcaeﬁ(steaéleﬁ)eMt

?E:{ y',[ hgarsreggggeﬁb&%ongs toclg%é‘é?#l ng %;glaﬁg en ({@ggﬁPf%enansm eﬁ{ﬁrg novs

message agai n t oevhtally dgeragsedito Baﬁxtmhhhépalth foe theiitput medsal&(or Svithtd 438 of
performative. The Shiftin t% agent 438 co es the input nessage to its
stored |ist of peyBrabpathyfort PWBHF‘%%S%") gﬁqmﬁte&%fﬁpazwlmpv regoiRy the dnpyt

el angs to - iesie £BCHS (i pBER: ity REASUEVOORS beBbmbdfe TRES TS

the input ness 6192320) R guaéver, since the agent has a contradiction that it is unable to resolve

15 through its automatic algorithms, the agent merely returns MAYBE-MINE to its
upchain sender (step 2319). The system then awaits further user input.

Ifthe user has finished inputting, and the system nevertheless has not taken
action, the user may issue a COMMIT. It is assumed that the COMMIT
performative eventually reaches Agent #i (step 2321). Agent #i takes any agent-

20 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-YOURS? 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

25 downchain agent receiving the message takes appropriate action in response to the
message, beginning at step 2218 ofits 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



agent 440 with a TH S-1S-YOURS performative. The 'Right agent 440, in its

| ocal pro i step 1222 (Fig. 12), instructs TV Actuat og~@ddébohSss5ause
t he hone gﬁf@f gsllnmant system 138 to nmke the proper adj u(sjlt; nen?”%ﬁsresponse
thereto. 5 Assune that Shifting agent 438 does not have a

pre-existing interpretation policy which applies to the phrase, "TV to the
right." In this case, upon receipt of the IS TH S YOURS? query from

Vi ewport agent 432, instead of responding IT- ISMNE, it responds

NOT- M NE. Viewport agent 432 therefore-b2eeives all NOT-MNE s fromits
downchai n nei ghbors, even though it has received a THS- 1 0 1|S-YOURS
performtive bemg BAIAMzeHAd pihiohsty deitive ebhhidiordry CHiS Bbwhy The
agent therefore g]et u(ﬁns I\EYBE- I\/PNE tg§t he V'Ie'V agent 418, a%gpéﬁésrg{r?%ssage S
passed back ufromhits awradownchaifiaeighbonsfior thiyamessage)), where it dissipates with
the system sinply awaifing further input. Assue.that the user recognizes
that the systemis %&%E%H&QIBP&P?@BWPﬁgePﬂéE?WYé nigdn thg pe i ssues
a Comit indi eatiBive aififiple! dRitichAf SHimdrke oF aCHER! ' bl #fysmits a
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has al readg sBifferemtembolinents can oid differentchlgurithotosksolvbastich contmadictibes, t he
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TV agent 418 #Rd AilereneRgsnis papnq siggle gmbogipeniyean usoslitferent slgarifhmaer ni nes
that it has s WYy SRt . ' : l.ned that
t he nessage bgﬁgﬁg%@?ﬁgﬁ |d£l\%\}p0§£’t%ubn@?%@%tﬁ@%%yﬁpﬁsﬁggg t he
message on t oirtérect\Vivithvytice tseagresdrviag Zisen interactiGiotd/sifugtiens o which tiee usdr ewpor t

agent 432 al so determ nes thﬁt it has preyiously seen the subject problem
and further tg¥gences hdesirg fordhe satemiciraypond despitepiPressasar aficapiradictions qui r es

the 25 Vi@WDQh S Hbm Edfhk RS QlikRalilalty FEOMAP Sk fharisd, 8P op NI S case

the contradictio ormo responses recei romall of
the Viewport d4@30)'s downchain comunities, it interacts with the user to

t
resolve the contradictjon. For -57- exanple, ,if asks_the user, "Do you -
mean Magnification & t@n&ﬁ?‘i"ﬁﬂ‘?"fﬁ‘ﬂezﬂw’ér’s g%?%éﬁiéitmﬁwf TA9-MINE 3nd  ecei pt
f th ' : ' L on.pol i
0 e user-s h@&?ﬁ‘i«f-n B ge%{gfr%ét@?% ac?»%@ﬁaxﬁ ﬁé%ﬁb}rmai %@B%n%@@é&&ltﬂo ' Cy p

such as (depending o earnin gorithm use
an IS-THIS-YOURS? performative, carry with them an indication of the priority

15 of the responding agent. In the present embodiment, agent priorities are
preprogrammed into each agent object class. Example priorities are shown in Fig.

4, and it can be seen that agents which are closer (fewer hops) to the typical
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




5 that input rressages containing the word "Right" should be routed to the
Shifting agep n| ty 438. It then sends an UNLEARN per f opCmEU$9943376 each
upchai n nei gh or o \/ ewport agent 432. The only agent nei ghbor upchain of
Vi ewport agent 432 is TV agent 418, which does not currently have an
intérpretation policy for nmessages containing the word "Right". TV agent
418 therefore ignores the 1 0 UNLEARN nessage. After |earning the new
interpretation policy and sendi ng the UNLEARN nessage, Vi ewport agent 432
sends the nessage on to Shifting agent 4383with a COW T performati ve.
Shifting agent 438 al so has a contradiction, having previously received
NOT- M NE r espons@sertriiiip Whdther®d dtiséwdﬂﬁ‘daﬂiwﬂamslmhmpm&dxﬁlydemdbeé,mmse to
its prior query on the subject progbl em It theref e interacts with the
user as above an%tedb@@ﬁﬁlﬁé@‘i%g‘ﬁ digtion segol 3‘{1 28e routed to the Right
agent 440. Shifting aggnt .4 | d
Rl by 2ede, e hﬁ‘ Ghpiihad i e 5ok 31

sends an UNLEARN perf | ewport agent 432.

Vi ewport agent 42 neGRDMESvdd Swiltiship claisd aTLISeMﬂéE or M&YBE@ME)qurtaps cy in
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the message to '@pMﬁgﬁ&tagé&(HewMesh'ﬁeMerﬁé @frmgalwfnﬂcghichagent

440 acts on the nessage (step 1222, Flg_ 12) 25 in the only a It knows
\
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with the contradiction resolved (step 2412).

15 If there is a tie in priority levels among ownership claims with overlapping
focus, then resolution continues at the next stage of the algorithm, determining
which of the highest priority claimants with overlapping focus had received an input
message most recently (step 2414). This stage of the algorithm is predicated on the
observation that when a user makes a request related to one part of the home

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!”. Ifthe 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-



sl ower they perform. By allowing the agents to adapt, refine and inprove,
10 aut ongig suEedsd or under user control, a holistic systenpegosdassreat ed
in which the whole is significantly nore than the sumof its parts. In the
enbodi nent descri bed herein, the conbination of nmachine | earning and

mul ti-agent systens has benefits for both. Milti-agent systens having

| earni ng capabilities can reduce cost, tinme, and resources and increase
quality in a nunber 15 of forns: * Ease of programmng . Ease of
mai nt enance . W dened scope of appPfication . Ef fici ency 20

Coordi nation of activity On the other hand nmachine learning in a

mul ti-agent sMINB imbdl’heyKﬁmCmntand TheyMayEmosCoutith ds a@ﬁrupprajmatebi bed
herein are adgptabl e Wi ng ways: ., The ahiljty of the
systemto accgg‘i"e‘ﬁ ‘ﬁ "("l%ﬂ"e eyt‘ﬂsw‘ththe coptfadigtion %‘V‘gd?ee%ach
agent to adapte bfvgdbehaw or according to the feedback it receives (i.e
learning). Viewng software as a network of Agents (considered as
intelligent beings) Ifheitheraof thecfirst twoi shagtssfglesonﬂnahctmneesulmtbndlgoiﬂﬁﬁnt in
structure and ITDdLLgaI‘I zation than - conventﬁéﬁnal mul ti-agent designs.

Sone of thé& bdfeesgoletosss VI‘?F‘?%?BH?‘HQ&% R RAPAR L RRGOutne TErm e gh | ty:
There is no r%)g\hf?% &g&%‘& i HiBn O fnY ?L'fﬁltui'@é)éb ?&?&maﬁvi orces

Paral |l el i sm epen nature o e agents creates a potentrally

paral |l el desi gteag@mtoaedmlvelthe pmttaidmuba,rltwﬂbdo sioynasking the hideg whivh ofgient s can
run on different process Mul ti Iatform executjon: Agents

can run and cGR¥IFhaiLR é%smgl%mﬁgeﬁwww&gg (Besrstemil30nFig AL for

i nstance). This may be accomplished by, for example, offering the user the names or

10 descriptions of such downchain neighbors. In one embodiment, the agent offers all
of its downchain neighbors for selection. In another embodiment, the agent first
narrows the choices to be offered to the user in accordance with one or more of the
automatic 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 IS-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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Runti me addition of new agents and thus increnmental devel opnent of
software. 15y0 99/66381S0f t ware additions by different designer BCTUBNIBBENt
designers can introduce different agents to conpete in the software, naking
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Wy ) r _performis
noti fy an upchai agent#3hieas have devmchainmeighbove(Magnbicationagg Shifting agents 436
' and 438, respectively), and it does not yet know which if any of such neighbors

to

should now receive the input message, it queries both of its downchain communities
by sending them IS-THIS-YOURS? messages. It then waits until it has received
15 responses from all agents it has queried.

The Magnification agent 436, not itself recognizing any word in the input
message and not having any downchain communities (TV actuator does not count,
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



exanple, the Play agent 2522, which is downchain of both the DVD agent 2524

and the V%ngl 2526, interprets "Play" commands for botfcf/iigeol¥3d7and VCR
agents. But en the Play agent 2522 finally receives a TH S-1S- YOURS

performative, its black-box function nerely requests the DVD agent 2524 or,
the 15 VCR agent 2526, as the case may be, to activate the Play function
of the hone entertainment system 138. This request, which is comruni cated
via an AGENT- SPECI FI C PERFORMATI VE, permts all DVD-related functions (and
VCR- related functions) to be control | ef6and nmai ntained in the bl ack-box of
a single agent (the DVD agent 2524 or the VCR agent 2526). 2 O

Program | i st apéhit480. Phus, Shiftigap¥nt33 Toiranshith ekeaiﬁﬁu\fﬁussdge&&k%@essi bl e
fromthe bl ack-box software of Program agent 2532, Renove agent 34, and
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enbodi nent s ofnieRgineRiSHem 13826 nakS tiAsrop@aidjultrmnt HEdsgonke tHeftdUr Poses of
illustration and description. It is not intended to be ‘exhaustive or to

limt the Bnventi on Assuméthatfihifting agent#Ifaiogs nethaveaipre@xistinginteypretatioy
nodi fi cations apnd var, at i..on il] be. arent .t g - 61- practitianers
skilled in thipgﬂcé'r‘f'.ﬁcmphg&g’r%% gi,“aﬁﬁ’t_ gihe et '_enIB(SHF [RG VRPIIESNOY herei n
i's shown inpl %t[ﬁ@@ﬂlS—Y(ﬁﬂiS?’\ﬁIe?yﬁ&ﬂ'Vi&gp&ﬂa n§4m|irﬁté&H%PF‘e§ éHdirﬁ;‘TTpUt er
system it wll be appreciated t'hat other enbodi nents can run o

mul t i - pr ocessd8-MINE, dtrsespondsd30 THIINE s t Viewport dgent r438 gherefore peceivesatbut er

t i , 5 i catj.ng, f , via T P. |
Saai t1on. sonvaf-VINE Shamits ORhAR bt sreSuh e e ST ¢ hian
sof tware. 1@ he§.WOURBPeABEmative froRfTRRREH 218 - THS agtAPhRS hasX@RRhSictighier eas

the described enbodi nent attenpts automatic contradiction resolution in
response to edheagenttherefersyemes MAYBEMINEtothedageintd 18, amrtthissmessaget her

cont rad ot i on % ERHHARAER o ghs Shelt B S mtpesdt 410 0uastR i BB NEE B or 11
equi val ent. ThegenkesyBRhiingfathet gtk herein were chosen in order to best
explain the principles ofthe invention and its practical application,
t hereby enabl i ng Assume that the user recognizes that the system is not going to perform
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.
Viewport 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




others skilled in the art to understand the inventiion for various

enbodi nent s V@agg,w’?,gp various nodifications as are suited to gdygussenssrzul ar
use contenplated. It is 15 intended that the scope ofthe invention be
defined by the follow ng clains and their equival ents. -62- APPENDI X |
Sanpl e Agent Cl ass Prototype Copyright[err] 1998 byBabak Hodjat and Dejinma
Corporation // Agent class package AACSA3; 10 I mport java.util.*; inport
java.awm . *; inport java.beans.* ; inport borland.jbcl.control.*; 15

public class Agent extends Decorat edFrane57+pl enents Agent Event Li st ener,
Runnabl e { private Vector |isteners = new Vector() ; // list of listeners
20 public syr&‘(&h?le,l # Asks\Aé dscrd W on e Madgaifieiidn AOSHifiy BN tTihe Ss@ner
aEvent Li stener) I|isteners. addEl enent (aEventLi stener) ) 25 public
synchroni zed voiagswersOShifigeit Event Li st ener (Agent Event Li st ener

aEvent Li stener) |isteners. rem_ovegltﬁrrent (aEvent Lirt‘ﬁet g}}g’r}] 0 rot ected void
notifyAgent EventLi ste §.(5e°?/‘3§:t° g qsewgétmvgy,e e 1V} aﬁé}gn eﬁ%rﬁ"(ft hi s)
35 ~ synchrigRinzagbdnPolity Such as(deyédiaingloh thefabiila® leahmpefigorithm Lisdd) (1 nt
i1=0; i < Il.size() ; i++) { 7/ deliver the event

5 that input messages containing the word “Right” should be routed to the Shifting

agent community 438. It then sends an UNLEARN performative to each upchain
neighbor of Viewport agent 432. The only agent neighbor upchain of Viewport
agent 432 is TV agent 418, which does not currently have an interpretation policy
for messages containing the word “Right”. TV agent 418 therefore ignores the
10 TUNLEARN message.
After learning the new interpretation policy and sending the UNLEARN
message, Viewport agent 432 sends the message on to Shifting agent 438 with a
COMMIT performative. Shifting agent 438 also has a contradiction, having
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 in the 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 leamns, in a properly localized manner, that messages



((Agent Event Li stener)l.elementAt(i)).aEventFired(e); 40 // deliver the

agent eve t I stered |isteners protected void 337
not i fyAge%g\?glﬁ&EPsteners(Agent Event e) ( Vector 1 ; synchrgr'{(‘%sggzt h’I’S) {1
= (Vector)listeners.clone(; ) 45 for (int i=0; i < |l.size() ; i++)

{ /'l deliver the event ((AgentEventListener)l.elenmentAt(i)).aEventFired(e);
} 50 public void aEventFired(Agent Event e) Systemout.println("Agent:
Agent Event received by " + name " from" + e.getSource() + " with args +
e. get Argobj ecto) 55 } String name -58- /1l the agent's nane ‘
public String getNanme() { return name ; public void setNanme(String Nanme) 60

String ol d\a ailfEthe wB?dEBPmnh@%d“m ht” shdnld be routed through TV agent 418
changes. flregfcoperty gnge( naneg" I&a , nanggou%“vough g

Pr oper t yChangaRightragentddfiges = new 5 Propert yChangeSupport (this); public
Agent () { nanme = "Agent"; public Agent(String Name) { nane Name ; } 10
public void process() {}; /1 performthe major processing function public

tializel (3L 11 initialize HABSIMIRNE S o P P YO
5 In conventional multi-agent systems, the problems of learning have been
largely ignored. Designing agents that would learn about anything in the world goes
against the basic philosophy of distributed artificial intelligence. This may be one
reason why some conventional systems are ill-behaved (the more they learn, the
slower they perform). By allowing the agents to adapt, refine and improve,
10 automatically or under user control, a holistic system can be created in which the
whole is significantly more than the sum of its parts.
In the embodiment described herein, the combination of machine learning

and multi-agent systems has benefits for both. Multi-agent systems having learning

capabilities can reduce cost, time, and resources and increase guality in a number

15 of forms:
. Ease of programming
. Ease of maintenance
. Widened scope of application
. Efficiency
20 » 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 as intelligent beings)

30 can result in designs that are much different in structure and modularization than




/'l required by Runnabl e interface and Threads Thread runnit = new Thread();
/'l start () edwiobojekssrProcess() 20 nethod bool ean stopped = fapgepssoissant rol
flag public void stop() {} ; // stop the agent thread public void run() {}
; // body Of thread 25 } 1 / /*********************** * // AA%AAgent
class prototype. 30 // Al AAOCSAagents shoul d be conpl et ed extensi ons of
this class. // AAOCSAAgents don't send nessages to thensel ves. package
AACSA3; 35 i mport java.util.*; public class AACSAAgent extends Agent

i npl enent s AACSAConst ants{ static final StSng MY_NAME - "AACSAAgent!|"; 40
static final int MY PRRORITY = 0; static final String My-COMWUN TY =

" AACSAAgent " ;  / *cohientivaatamilti-apit ded@isTBome 8Pt benefits 6ithis Bfytbachaiy/noted
extensions of this class. // registers should al ways be bot hways (unl ess
not using routinkeras features). // Note that the agent name should be

repl aced. private static <AgentNane> instance = null; //singleton //in

Si ngl eton design pattern,. .used to.get.single instance 50,, static public
<Agent Name> | nsthnceo%le’F"P‘H iﬁg?rSng@gldﬂ F?W?%&H&@.@PW%%t Name>
("I'nput"); reBurn instance; 55  } public static synchronized void
regi st er (Agent Event e)Pazallelisni Fast indepsndent maturg of thetagente creates\va potentially
<Agent Name>(),; if parallel design approach. In particular, for example, different agents can

run on different processors.

10 » Multi platform execution: Agents can run and communicate over networks
of computers (on the Internet for instance).

’ Runtime addition of new agents and thus incremental development of
software.
15
. Software additions by different designers: different designers canintroduce
different agents to compete in the sofiware, making this design
methodology attractive for commercial applications.
20 - Reusability of agents.
. Incremental design and evaluation.
. Learning and Intelligence: The distributed nature of learning as described
25 herein suggests a powerful adaptive software design that potentially breaks
down an application to a network of simple learning modules.
. 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 codeillustrating the



60 {!instance. knownAgent s. cont ai nsKey(((Agent)e. get Source()) .get Nam
e())) { st ance. knownAgent s. put (( (Agent) e. get Sour neo,
e. get Sourc‘év(?g‘?/66 1 ((Agent) e. get Sour ce() . addAgent Event Li sf%lj)e/ﬁglgﬁ%ﬁnce);
I nst ance. addAgent Event Li st ener (( Agent) e. get Sourceo)); ) el se
Systemout.println(instance.nane + " did not register " +

((Agent)e. get Sourceo) .getNane 0); 10 int priority; //AACSA Agent's
priority level public AACSAAgent () ( super() ; nane = MY-NAME, priority =
MY_PRIORITY;) 15 publ i c AACSAAgent ( St60-ng Nane) ( super(Nane); priority’
= MYPRIORITY;) ; public AACSAAgent (String Name, int Priority) (
super ( Nane) ; p&hi | %ﬁﬁgg ew
Hasht abl e() ; 613"/%3%5%& ﬁyﬁ@ﬁ|a§éht’}e‘§l?wlg§leprlﬁmég%f£2tvb¢§ui\?gf ht ab‘r41
communi ti es = (gvdplashtable() ; /1 domain nanme is key, vector of agent

obj ect is value Hashjab).e = new sht abl eol est-content is
25 key, request mess d@%vg’lguzg%mtﬁ%% F%%Wé&gentmwﬁs‘ﬁ%%n dor //
request-conten&oryl%nh@ynhermee@ﬁte AR Csysteny 3541€ Maglgg 35! eCdtk ARAL! ONS =

new Hasht abl eo; // afent nanme Is key, explanation ent' s domain is
val ue 30 5 Hadimeasibmal umtecmmnmucate\mhﬁiﬂimﬂaﬁiee(ctuatdr 2536 rahd fieMernuSagdeny

recency of age el e 1.on IS ue Agent Message nsg /'l _current
nessage bei ng %{7& 8‘3@@69% %‘é‘ T %S&B’éfi“mﬁéiﬁm%whé%

menu agent 2520 but not with the actuator 2510. The two-dimensional units are

proxy agents only, and do not communicate with either the actuator 2510 or the
menu agent 2520. They do perform interpretation functions, but the only local

10 work they perform is to notify an upchain neighbor to perform relevant work. For
example, the Play agent 2522, which is downchain of both the DVD agent 2524 and
the VCR agent 2526, interprets “Play” commands for both the DVD and VCR
agents. But when the Play agent 2522 finally receives a THIS-IS-YOURS
performative, its black-box function merely requests the DVD agent 2524 or the

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



Agent St at us terrpSt atus; 35 String processedltem™ String Agent sWhoKnow =
EMPTY STRI NGyoSb/skaa® AgentsV\hol\/ayKnow = EMPTYSTRI NG bool eanponbonuUsey -
fal se; String res ti ngFocus = EMPTY-STRING 40 public void reset()
knownAgents = new Hashtable() ; // clear all agents communities = new
Hashtable() ; /1 clear all conmuni ti es probl ens = new Hashtable() ; /o
clear all problens 45 | earned new Hashtable() ; o/ clear all

| earned expl anations = new Hashtable() ; // clear all explanations recency
= new Hashtable() ; // clear all recenci edd1-50 public void process() {
stopped = false ; runnit = new Thread(this) runnit.start() } 55 public void

stop() | stoppedpmciifidirs Jara irk th%sta@p (Por@Qarﬁ;Sle "Eh6%sh tAE elbodiARhCescibed ad)

i nterface public void run() e(stopped false){ try {
Thr ead. sl eep( (! ohg)aﬁhEﬁBmfimﬂemﬂ)med nﬁsoﬁware running @atacsing(d-prbecssmrpioemﬁtecept i on
e) system, it will be appreciated that other embodiments can run on multi-processor
systems, or can be distributed across multiple computer systems or microcomputers
5 communicating, for example, via TCP/IP. In addition, some or all agents can be
implemented in hardware, rather than software. Other variations will be apparent.
As another example, whereas the described embodiment attempts automatic
contradiction resolution in response to each query response received from
downchain agents, another embodiment could collect all responses and attempt
10 automatic contradiction resolution only upon receipt of a COMMIT performative
or its equivalent. The embodiments described herein were chosen in order to best
explain the principles of the invention and its practical application, thereby enabling
others skilled in the art to understand the invention for various embodiments and
with various modifications as are suited to the particular use contemplated. It is
15 intended that the scope of the invention be defined by the following claims and their

equivalents.



{ /] interrupted // do any housekeeping here !!! 10

pol ling(); }

15 publ 1..d. aEvent Fi r ed( Agent Event e) Object arg = e. Lect ()
s A YeSdonye

ssage)arg i route(nsg) 20 public class Inter

nmsg = (Agen

result = EMPTY_STRING String remai nder Request = EMPTY STRING String
= EMPTY STRING 25

af t er Request

String beforeRequest

tring

EMPTY- STRING String newRequest = EMPTY-STRING int index = NONE, public

Interpretation){ 30

1 public Interpretation(String Result,

String Renmai nder Request, String AfterReggmst, String BeforeRequest,
String NewRequest)[ result = Result; renai nder Request = Renai nder Request;

af t er Request

Af t er Request ; bef or eRegp@ifNpper Bef or eRequest; 40

35

newRequest = NewRequest; public SelmnbARmcIRPmad d(String out String)( 45
Systemout. println("" DEBUG (" + Gveymight® 1998 by Babak Hoditt St ri ng) ; public
| nterpretation interpraPgipatomomtpnj t em String processedltem

synchronizeg
Agent Messag

10
15
20
25
30
35
40
45
50
55

60

m/;;;) 50 [/ This is an extrenely sinple m nded, text-

P

Agent class
ackage AAOSA3;
import java.util.*;
import java.awt.*;
import java.beans.* ;
import borland.jbcl.control.*;

public class Rgent extends DecoratedFrame implements

AgentEventListener, Runnable ({

private Vector listeners = new Vector({) ; // list of listeners

public synchronized void
addAgentEventListener(AgentEventListener aEventListener) ({
listeners.addElement (aBventlListener) ;
}

public synchronized void
removeAgentEventListener (AgentEventListener aEventListener)

listeners.removeElement (aEventlistener) ;

}

protected void notifyAgentEventListeners() {
Vector 1 ;

AgentEvent e = new AgentEvent (this) ;

synch;oniged(this) { 1 = (Vector)listeners.clone(); )
for (int i=0 ; i < l.size() ; i++) { // deliver the event
((AgentEventListener)l.elementAt(i)).aEventFired(e);

}

// deliver the agent event to registered listeners
protected void notifyAgentEventListeners(AgentEvent e) {
Vector 1 :
synchronized(this) { 1 = (Vector)listeners.clone(); }
for (int i=0 ; i < 1l.size() ; i++) { // deliver the event
\ ( (AgentEventListener)l.elementAt(i)).aEventFired(e);
}

public void aEventFired (AgentEvent e) {
System.out.println("Agent: AgentEvent received by " + name

" from " + e.getSource() + " with args
+ e.getArgObject()) -
}

String name ; // the agent's name
public String getName() { return name ; }
public void setName (String Name) {

String oldName = name ;

name = Name ;

based




interpretation policy. //It can be inproved in extensions. int ti; bool ean

exact Sear ch; 69 ptring tenpMatch; Interpretation interprepet/Uss/i33mew
W /663F X ) -

Interpretati onog, or (Enumeration | earnedCateguries = | earned. keyso;

| ear nedCat eguri es. hasMor eEl ement so; ){//check | earned interpretations 60

tenpMatch = (String)l earnedCat eguri es. next El emento0; if

(tenmpMat ch. i ndexOr (EXACT- MATCH) == 0)[ exact Search = true; - 66-
interpretation.result = tenpMatch. substring( EXACTMATCH. | engt ho) ,
tenpMatch.length()); | else { exactSearch63<alse; 5

interpretation.result = tenpMatch; } if (((interpretation.index =
processedl t em i ndex GhbhgdseE et GiciropCaggell mpne' bCMERe &&afé);exact Search) 11
10 ((Yinterpretation.index == 0) 11

(processedl tem ch%ﬁ&wtﬁgmy@fungasdped% charlges' 3 Jnef&

((interpretatisonpk Xythanfémippsat(@biQn. resul t. |l ength() ==
processedltemlength() 11 15 \ ame = "Agent”:

(processed! t em chabdBieE fiERbHled aly Sand) P8kt L kg pretation. resul t. 1 ength()
==1 ")))))( interpretation. afterRequest = , _

processedl| temosul%smwﬁ%ﬁg(‘fﬂtié?rﬁrie‘-’tsdt)i bh. i ntfegeyform the major processing

unctio
public void reset() {}; // reset the agent to a known state

15 public void initialize{() {}; // initialize the agent for
processing

// required by Runnable interface and Threads

Thread runnit = new Thread(); // start()ed in the process{)
20 method

boolean stopped = false; // control flag

public void stop() {} 7 // stop the agent thread

public void run(} {} : // body of thread

25
};

//*************************
// BRAOSAAgent class prototype.

30 // All AROSRagents should be completed extensions of this class.
// AROSRAgents don't send messages to themselves.
package AROSA3;

35 import java.util.*;

public class AROSARgent extends Agent implements

AAOSAConstants{
static final String MY_NAME = "“AAOSAAgentl™;
40 static final int MY PRIORITY = 0;

static final String MY COMMUNITY = “AAOSAAgent"; .
/* The code in this comment should always begin any extensions
of this class. . ‘
// registers should always be bothways (unless not using routing
45 features).
/7 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(})) {



nterpretation.result.length(, processedlteml|ength()); 20
nterpretati # f oreRequest = processedltem substring(O persesnsrr
nterpret‘&%)lgg)r%‘.5 Edex) |nterpret ation. remi nder Request =

nt er pretati on. bef oreRequest + interpretation. afterRequest;

nt er pretati on. newRequest = processedltenm 25

nterpretation.result (String)l earned. get(tenpMatch); return

nterpretation; return null; 30 public class NunberlnString int theNunber =
NONE; String remai nderString = EMPTYSTRENG 35 i nt i ndex = NONE;
int MAX NUMBERS = 20; String[T nunberStrings = new String[] {"zero", "one",
n t V\D" , llt hr eell n f Our n llf I Vell n SI Xll n Sevenll n el ght n n nl nell n t enll
"el even", 40 in#ttane vietbynPgent s Rk { SAQ'éflb)uar Ue’eﬂfﬂ“rcéﬂl)fs@éhme()"& xt een",
"sevent een" eeﬂied:ﬁf’\é’é‘"r?“”' ni nteen", "twenty"); 45 public

Nunber | nSt sl N edgeRbé lgétsmbr(gmaa@obebe@manléﬁeadf Ghnktage) equest ) { //*There
are much better vvays oflnétﬁ adﬁhsen’qEVRn‘Uw'st%r((Agent)e getBonrceburtt er; i nt

tenp2; for (counte H_gg J’I”“l @iﬁ\ gyhage * 1 0 dhter--) 55
if ((tenmp2 = reﬁues |ndex ger to counter))) > NONE) if
(((tenp2 30 Op/11 (request charAté )) && ((tenp2 +

| nt eger .t oSt ri ngi%@g%%@XA&e @?W gent‘s pr:Lor:Lty level

upex() ; name = MY NAME: priority =
MY_PRIORITY;}

15 public AAOSAAgent (String Name) ( super(Name); priority =
MY_PRIORITY;) ;
public AAOSAAgent (String Name, int Priority) ( super(Name);
priority = Priority:}

20 Hashtable knownAgents = new Hashtable() ; // agent name is
key, agent object is value
Hashtable communities = new Hashtable() ; // domain name is
key, vector of agent object is value
Hashtable problems = new Hashtable(); // request-content is
25 ey, request message is value
Hashtable learned = new Hashtable(); // request-content is
key, request message is value
Hashtable explanations = new Hashtable(); // agent name is
key, explanation of agent's domain is value

30 Hashtable recency = new Hashtable(), // agent name is key,
recency of agent's delegation is value
AgentMessage msg ; // current message being processed

AgentMessage lastMessage = new AgentMessage();
AgentStatus tempStatus;
35 String processedItem;
String AgentsWhoKnow = EMPTY STRING;
String AgentsWhoMayKnow = EMPTY_ STRING;
booclean onFocuses = false;
String resultingFocus = EMPTY STRING;
40
public void reset() {
knownAgents = new Hashtable() ; // clear all agents
communities = new Hashtable() ; // clear all communities
problems = new Hashtable() ; // clear all problems
45 learned = new Hashtable() ; // clear all learned
explanations = new Hashtable() ; // clear all explanations
recency = new Hashtable() ; // clear all recencies!

)

50 public void process() {
stopped = false ;
runnit = new Thread(this) ;
runnit.start() :

}

55
public void stop() {
stopped = true;
runnit.stop() ;
}
60

// method of Runnable (Thread) interface
public veid run{)




60 request.length() 11 (req
| nt eger.toSty) nter).length
remai nder St r i ng request. substr

I nteger.toString(theNunber). | engthoO,

return true; | //else return fal
(nunbers > NONE); 10 nunbers--)
request . i ndexof (nunber Stri ngs[ nu
(request.charAt(tenp2 - 1) v
nunber St ri ngsf nunber sl . | engt h()

+ nunber St ri ngst nunbeuis¢ (stepgdah+s falsé))) 20

nunbers; renmai nder Stri n'@‘Yg,l{nr:ee
request. substring(tenp2; +nu
request.lengtihs));

fal se; 30

QU
er

i Ndexatzht cmprrupbedException e)
pubbbch§¥ggﬁkggized bool ean nunber Bet ween(i nt

uest.charAt (tenp2 +

() =="'))) _ -67- theNunber perRmsyHsses.

ing(0, tenp2) + request.substring(tenp2 + 5

request.lengtho)),; index = tenp2;

se; for (int nunbers MAX- NUMBERS;

i f ((ttenmp2

nbers))) > NONE) && ({tenp2 0) 1l

)) && 15-65- t(temp2 +

request.length()) 11 (request.charAt(tenp2
t heNunber

).+

t hoO,
return true; |

%%?ﬁgétk%#%égg?¥fen

return

// do any housekeeping here !!!

public void aEventFired(AgentEvent e}

{

r

EMPTY STRING;

String remainderRequest = EMPTY STRING;
String afterRequest = EMPTY STRING;

string beforeRequest = EMPTY STRING;

EMPTY_ STRING;

public Interpretation(String Result,

String RemainderRequest,

String AfterRequest,

String BeforeRequest,

String NewRegquest) {
Result;

remainderRequest = RemainderRequest;
afterRequest = AfterRequest;
beforeRequest = BeforeRequest;

newRequest = NewRequest;

public synchronized void d(String outString) {

System.out.println ("DEBUG [" + name + "}: " + outString):

public synchronized Interpretation interpretlt(String item,

(

//This is an extremely simple minded, text-based

new Interpretation();
= learned.keys{);

learnedCateguries.hasMoreElements(); )} {//check learned

10 polling(}:
}
15
Object arg = e.getArgObject()
msg = (AgentMessage)arg ;
route (msg) ;
}
20
public class Interpretation {
String result =
25
string newRequest
int index = NONE:;
public Interpretation({) {
30
35
result =
40
}
}
45
String processedItem, AgentMessage msg)
50
interpretation policy.
//It can be improved in extensions.
int ti;
boolean exactSearch;
55 String tempMatch;
Interpretation interpretation
for {(Enumeration learnedCateguries
interpretations
60

if (tempMatch
exactSearch

tempMatch = (String)learnedCateguries.nextElement();

.indexOf(EXACTﬂMATCH) ==
= true;

0){



lowerLimt, int upperLimt)( return ((theNunber >= |lowerLimt) &&

(t heNunberw659M&,§fzr Limt)), 35 } public synchronized vgidanghsddessage(
Agent recelver, String performative, String content, 40

String InReplyTo, String ReplyWth, String Language) Agent Message neg = new
Agent Message( performative, content, 45

| nRepl yTo, Language, Integer.toString(priority), receiver.nanme, 50

Repl yWth, nane); nsg.displayo; receiver.aEventFired(new Agent Event{this,
nmsg)) ; 55 public synchronized void senddkgssage( Agent receiver, String
performative, String content, String InReplyTo, 60

String Repl yWth, Strimgrhsngtageresult dessagePriority) - 68-

Agent Message nﬁﬂnpﬂaﬁﬁgyngﬁrﬂl%%wpﬁ@fwm (v etempiatamiiength()) ;

exactSearch = false;
5 interpretation.result = tempMatch;

if {((interpretation.index =
processedItem.indexOf (interpretation.result)) > NONE) &&

((lexactSearch) ||
10 {((interpretation.index == 0) ||
") {processedItem.charAt {interpretation.index - 1) == '
&&
: { (interpretation.index +
interpretation.result.length(} == processedItem.length()) }{
15 {(processedItem.charAt (interpretation.index +
interpretation.result.length()) == ' "))))){

interpretation.afterRequest =
processedItem.substring({interpretation.index +
interpretation.result.length(), processedItem.length());

20 interpretation.beforeRequest =

processedItem.substring(0, interpretation.index);

interpretation. remainderRequest =
interpretation.beforeRequest + interpretation.afterRequest;

interpretation.newRequest = processedItem;

25 interpretation.result = (String)learned.get (tempMatch);
: return interpretation;

}
}
return null;

30 }

public class NumberInString {
int theNumber = NONE;
String remainderString
35 int index = NONE;
int MAX NUMBERS = 20;
String[] numberStrings = new String[] {"zero", "one",
|Itw°"' “threell’ "four", "fivE"’ "six", "SeVen", "eightll, llnine"’
"ten", “eleven",
40 "twelve", "thirteen", "fourteen", "fifteen"”, "sixteen",
"seventeen",

EMPTY_STRING;

"eighteen",
"ninteen", "twenty"}:

45 public NumberInString{) {
}

public synchronized boolean find(String request) {
//*There are much better ways of doing this, I know!

50 int counter;
int temp2;
for (counter = MAX NUMBER_IN REQUEST; counter >= -10;
counter—-)
55 if ((temp2 =

request.indexOf (Integer.toString(counter))) > NONE)
if (((temp2 == Q) ||
{request.charAt (temp2 - 1) == ' ")) &&
{(temp2 + Integer.toString{counter).length()
60 == request.length()) ||
(request.charAt (temp2 +
Integer.toString(counter).length()) == ' '))){




| nRepl yTo, Language, 5 Integer.toString(MessagePriority), receiver. nane,

Repl yWt h, q&@mrép neg. di spl ayo; receiver. alvenpEt/ossserw
Agent Event (t ; g)) public synchronized void sendMessage( Agent
recei ver, 15 String

performative, String content, String InReplyTo, String ReplyWth, String

PriorityString, 20 String
Language) ( Agent Message nmsg = new Agent Message( perfornmative, content,
| nNRepl yTo, Language, 25 -67-

PriorityString, receiver .name, ReplyWth, nane); nsg.displayo; 30

recei ver. aEvent Fi r ed( new Agent Evemtttdd s, cameggy:; publ i c synchroni zed | ong
get Current Ti neol Cal endar ri ght RSWIRIESLERIaT . (foEHs ERIRIEORI @5 temp2} ot yrn
(ri ght Now. get (Cal'endar. M NUTE) + ri ght Now. get (fahendainHouRfeefY) * 60 +
ri ght Now. get ( Gal entlajer DASOEiNgHARINulibdA4 Qength(), reguaski Lergymohroni zed voi d
initializationso(} public syncht¥sFzedePptid startupDefaul tso() public

. . return true’ .
synchroni zed void | earn(Agent §t ﬁéigesiéﬁ;ﬁ,fa&g;l ng
for (int numbers = MAX NUMBERS; (numbers > NONE};
10 numbers--)
if (({temp2 = request.indexOf (nunberStrings[numbers]})
> NONE) &&
{{temp2 == 0) || (request.charAt(temp2z - 1) == ' '}}
&&
15 {{temp2 + numberStrings[numbers].length(} ==
request.length()) ||
{request.charAt (temp2 +
nunbersStrings [numbers] .length(}) == ' '})
K¢
20 theNumber = numbers;
remainderString = request.substring(0, temp2) +
request.substring(temp2 +
numberStrings [numbers) .length(}, request.length()):;
index = temp2:
25 return true;

return false;

}

30 public synchronized boolean numberBetween (int
lowerLimit, int upperLimit} ( o
return {({theNumber >= lowerlLimit) && {(theNumber
<= upperlLimit)); )
}

35 }

public synchronized void sendMessage( Agent receiver,
String performative,
String content,
40 String InReplyTo,
String ReplyWith,
String Language) {
AgentMessage msg = new AgentMessage( performative,
content,
45 InReplyTo,
Language,

Integer.toString(priority), )
receiver.name,
50 ReplyWith,
name) ;
msg.display() s
receiver.aEventFired (new AgentEvent (this, msg)} :

)

public synchronized void sendMessage( Agent receiver,
String performative,
String content,
String InReplyTo,
60 String ReplyWith,
String Language,
int MessagePriority) {

55



45 whi chG oup, String whichAgent) { //This is an extrenely sinple m nded,

text-base%}a?@{ﬁékg Algorithm //It can be inproved in ext gef)r,f??b?my;,f 50

(1 earned ey(status. nessage. content.tolLower Case().t

))//resolve contradiction (brutally!)

| ear ned. r enove( st at us. nessage. content.toLowerCase().trinm()); else if

(I ear ned. cont ai nsKey{ EXACTMATCH + 55

st at us. nessage. content.toLower Caseo(.trin())) |earned.renove( EXACTMATCH +
st at us. message. cont ent.t oLower Caseo(.trd4gg9); | earned. put (EXACTMATCH +
stat us. message. content. toLowerCase().trin(), 60

whi chG oup. t oLower Cas@gentiMelsdge; msg =PHéW ngestMsbigNi gadovpidvinl earn(String

item { //This is an extrenely sinple m nded, text-bgsdgdntin-| earning
Al gorithm //1t can be inproved in extensions. 5 InR;ﬁlem
| ear ned. r empve( EXACTMATCH + item tolLower Case().trindU). public
synchroni zed vbitdgpodtobhginy (MessagefrivEiy)be execut ed everyt| e the agent
cones alive. public synchronized void processQ her Me§ %@ AgeRt Message
msg) ( 15 [lfor instance commtment replies. } pHind)¢ synchrom zed
String prot@sslt(Stri nggmtle R}y This is an extrenely sinple mnded,
t ext - based process. ce”efﬁFt"eE'&‘ﬁ‘rﬁg(’i‘ei’f’pf‘%‘?f’éﬁv?’ﬁ%R’t%n?%’ds' return
itemtoLovverCase().trl no;

public synchronized void sendMessage( Agent receiver,

15 String performative,
String content,
String InReplyTo,
String ReplyWith,
String Prioritystring,

20 String Language) (
AgentMessage msg = new AgentMessage( performative,
content,
InReplyTo,
Language,
25 PriorityString,
receiver.name,
ReplyWith,
nhame) ;
msg.display():
30 receiver.aEventFired (new AgentEvent (this, msg))
}
public synchronized long getCurrentTime () {
Calendar rightNow = Calendar.getInstance(};
35 return {(rightNow.get (Calendar.MINUTE) +
rightNow.get (Calendar.HOUR_OF _DAY) * 60 +
rightNow.get (Calendar.DAY OF YEAR) * 1440);
}
40 public synchronized void initializations(){}

public synchronized void startupbefaults{){)

public synchronized void learn(AgentStatus status, String
45 whichGroup, String whichAgent) {
//This is an extremely simple minded, text-based learning
Algorithm.
//It can be improved in extensions.
if
50 (learned.containsKey(status.message.content.toLowerCase().trim{()
))//resolve contradiction (brutally!)

learned. remove (status.message.content.toLowerCase().trim(});
else if (learned.containsKey(EXACT MATCH +
55 status.message.content.toLowerCase().trim()))
learned.remove (EXACT MATCH +
status.message.content.tolowerCase () .trim(});
learned.put (EXACT_MATCH +
status.message. content’ toLowerCase () .trim(),
60 whichGroup.toLowerCase().trim());

}




public synchronized String unProcesslit(String itenm)y { 25 [/ This is an
extrenely SW%ﬁﬁgglnded, t ext - based unprocess. //1t can be ipHERé6Es37N
extensions. return itemtolLowerCase().trin(i; 30 publ i c synchronized
String toWwhon(String item String processedlitem String whichG oup) {
return null; 35 public synchroni zed bool ean tagged(String item String
synbol, String Nane) { return (itemindexOf(synbol + Nane + synbol) !-
NONE) ; 40 public synchronized String tag(String item String delimter)
return delimter + item+ delimter; 45 -69public synchronized void
perform(Agent Message nsg, Agent sender, bool ean optim se){ int index; Agent
agent = null; Str pﬁgleja&tAgecﬁrzsdmla;tmlagm (semng {shycontent ; if

((msg. perfor nat | vé/ Al % (@W@rp@lmﬂ@)l}a minded, text-based un-learning

(msg. per f or mat i V& §§|ﬁj 2% (dd SRALLVariED densiddzocessedl tem = processit(iten);
//Normal ly st®ul d not 55 1eabpetyeehdvenexact seatch +

(nsg. performati \ﬁéeéqwg‘fmsqwﬂm(pﬂbcessedl tem = unProcesslt(item; else
processedltem = i fem t oLower Caseo) .trino; 60 Interpretation
interpretati on = pabEcpEpichiréiizeavopaoeassedhtem nsg); -70- /] If |
don't have aHy cor'h‘rﬁfiilt Pesxanties eHervtileotiiel agentuFemaNOTLiVIENE

public synchronized void processOtherMessages ({AgentMessage
msqg) {
//for instance commitment replies.

}

public synchronized String processIt(String item) {
//This is an extremely simple minded, text-based process.
20 //It can be improved in extensions.
return item.toLowerCase({).trim{);
}

public synchronized String unProcessIt{String item) {
25 //This is an extremely simple minded, text-based unprocess.
//It can be improved in extensions.
return item.toLowerCase().trim();
}

30 public synchronized String toWhom(String item, String
processedItem, String whichGroup) {
return null;
}

35 public synchronized boolean tagged{String item, String symbol,
String Name)
return (item.indexOf (symbol + Name + symbol) != NONE);
}
40 public synchronized String tag(String item, String delimiter)

{
return delimiter + item + delimiter;

}

45 public synchronized void perform(RgentMessage msg, Agent
sender, boolean optimise}{
int index;
Agent agent = null;
50 String whichAgent;
String item = msg.content ;
if ((msg.performative.equals{THIS_IS_YOURS)) ||
(msg.performative.equals (DISSATISFIED)))
processedItem = processIt(item);//Normally should not
55 change item.
else if (msg.performative.equals (RESTORE))
processeditem = unProcessIt(item);
else processedlitem = item.toLowerCase().trim():;

60 Interpretation interpretation = interpretlIt(item,
processedItem, msg);



I f (comunities.si ze() == 0) if (nmsg.performative. equal s(|I STHI SYOURS)) 5

if (interp 99%693] == null) sendMessage( sender, NOTM NE, §9§ﬁg$7gem
nmsg. i nRepl yTo,” nsg. repl yWth, nsg.content); else ( nsg. Ianguage =
i nterpretation. renmai nder Request; 10 sendMessage( sender,

| TI SM NE, processedltem nsg.inReplyTo, nmsg.replyWth, nsg.|anguage);
return; 15 tenpStatus = new Agent St at us( new Agent Message(nsg), EMPTYSTRI NG
new Agent Message(| ast Message), 0, EMPTYSTRI NG 20

EMPTYSTRI NG EMPTYSTRING ; while (interpri@-ation !'= null)( nsg.| anguage
I nterpretation. remai nder Request; Vector agents =

(Vector)comruni ti es//get(ﬂ Abetphetatangncdmeani tiks; under me I shoulbifreturn

( (whi chAgent =Xo& rocessedl te nt erpretation.result)) == null)
| int num = agents.si g‘wﬁ S g ggg e lsh@d@ﬁ(ls<y yi ndex++){ agent =
(Agent ) agents. el ement At {4 ndeuérp;etdtho%#%h@%a gent ? f)

(tagged(tenpSt at us. i Hat nPrmWIhemerpret ation =
null: el se tenpsfatys’ fﬂtmer P ong = M3 o, éﬁ%t ‘atus.interpretations +

t ag( agent nanme, |TI SI\/I NE)msg 1a1igeaqaar et aitiedfretatnbmndeniaidesdquest ;

NUVBERDEL| MGrER el 5¢ S(apﬁwé 893 Lrestery STITALMRE: cPErceapRATted, | S MNE, 40
whi chAgent )) nisg. ln ToY, re msg.langua ; _

return;
}
15 :
tempStatus = new AgentStatus(new AgentMessage (msg),
EMPTY_STRING,
: new AgentMessage (lastMessage),
0, EMPTY_STRING,
20 EMPTY_ STRING, EMPTY _STRING) ;
while (interpretation != null) {
msg.language = interpretation.remainderRequest;
Vector agents =
(Vector)communities.get (interpretation.result) ;
25 if ((whichAgent = toWhom(item, processedItem,
interpretation.result)) == null) {
int num = agents.size() :;
for (index = 0; index < num; index++) {
agent = (Agent)agents.elementAt (index) ; // First

30 agent?
if (tagged(tempStatus.interpretations, IT _IS_MINE,
agent.name))
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))

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 }
if (!problems.containsKey(msg.replyWith))
problems.put (msg.replyWith, tempStatus) ;
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 if (tagged{msg.inReplyTc, EMPTY_ STRING, DISSATISFIED))




interpretation = null; else tenpStatus.interpretations =

t enpSt at us. |nter et atlons + tag(whi chAgent, | T_I SMNE) + 45159913377

i nterpret ati¥¥ ! nder Request + NUMBERDELIM TER, if (interpretation !=
nul 1){ if (lcomTunl ties.containsKey(interpretation.result))
Systemout.println("WARNING [" + nane + "J: Strange Interpretation for "+
nmeg. content + " ==>" + 50

interpretation.result + ":"" + |earned + "\n") interpretation =
interpretlt(item interpretation.renai ndenriRequest, nsg); 55 if

(! probl ens. cont ai nsKey(nsg.repl yWth)) problens. put(nsg.repl yWth,
tenmpStatus) ; if (tagord@EgabaRephty,To1sshVESF ST RisbiGonCaM T) )

sendMessage( agentsg- IH@IV'BY&JF&(IIM EBFR_BALYOUBY , mag.repREP¥)To + tag(nane,
THI SI SYOURS), ns¥%-é ¢4, nsg.language); else if (tagged(nsg.inReplyTo,
ENPTY STRI NG, 5D| SSAT olrEmn).lmeratm ggéﬁlﬁﬁglknown}xgents elements () ;

PCT/ US99/ 13377 aientsetmmewégﬁn&gé)nt ) DI SSATI SFI ED, nsg.content,

nsg. i nRepl yTo + tag(nane Fgéﬁ@i}gﬁ% g‘; i t ))n§g Ianguage); el se
5 for (Enuner ation agents novvnA ents eI enent so) ;

agent s. hasMoleEl emmt:g(mun}t{y (agem narme( Ag@w;%ajemtéirnek)t)EPmﬂWPTﬁiSTR
((lagent. nane. eqféf'3{ sender .

S _THIS YOURS content
(! get Conmuni ty(agent . nane. toLovverCase(( r(;)aplm oal tsa(gEM?E.E
1IS_THIS_YOURS),
15 - msg.replyWith, msg.language);

)

if (tagged(msg.inReplyTo, EMPTY_STRING, COMMIT)}{
Enumeration childAgents = knownAgents.elements(); //
20 clean-up (only for agents that are not involved)
Agent tempAgent;
for {index = 1; childAgents.hasMoreElements(); index++){
tempAgent = (Agent)childAgents.nextElement ()
if ((tempStatus != null) && //if it has been a problem
25 for this agent
{1tempAgent.name.equals (sender.name)) &&

{!getCommunity{tempAgent.name.toLowerCase{) .trim()) .equals (EMPTY
STRING)) &&
30 (!tempAgent .name.equals (agent.name) }}//Tell all your
children to remove this from their problems.
sendMessage (tempAgent, FORGET_PROBLEM, msg.content,
EMPTY STRING, msg.replyWith, msg.language);

35 }
}

public synchronized String getCommunity(String targetName) {
String temp;
40 int num;
int ind;
Agent agent;
Vector agents;
for (Enumeration cat = communities.keys();
4% cat.hasMoreElements();) {
temp = (String)cat.nextElement():
agents = (Vector)communities.get (temp):
num = agents.size(};
for {(ind = 0; ind < num; ind++) {
50 agent = (Agent)agents.elementAt (ind);
if (agent.name.tolowerCase() .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{);



NG )) sendMessage( agent, IS THI SYOURS, nsg.content, nsg.inReplyTo +

t , RS), 15 /th,
rrgg( nggua‘gé}wkégpgt azgged( nmsg. i nRepl yTo, EMPTY STRI NG C@Aﬁ?ﬁ’g/ﬂﬁw

Enuner ati on chil dAgents = kno~wnAgents. el enentso; // 20 clean-up (only for
agents that are not involved) Agent tenpAgent; for {index = 1; '
chi | dAgent s. hasMor eEl enent s(); index++){ tenpAgent

(Agent ) chil dAgents. next El emento0; if ((tenpStatus != null) & & //if it has
been a problem 25 for this agent (I|tenpAgent. nane. equal s(sender.nane)) &&
(1 get Conmuni tytt enpAgent . nane. t oLower Case().trino)). equal sS(EMPTY STRI NG )
&% 30 - (!t ampAgent . nane. equal s(agent.nane)})//Tell all your
children to refprectars. $qughs { (S6ring esblasabionsenetiitssmige( t enpAgent ,
FORGETPROBLEM nsg. cont ent, e FNG nsg.repl yWth, msg.|anguage); 35
public synchroni zed Sketurh geide@nNEmedi ty(String targetNane) String tenp; 40
int num int ind;, Agent agent; Vector agents; for (Enuneration cat =
comuni ti es. keysg; ashpLeEl 2 s =

(String)cat. neaet%%ﬁggﬂg %ﬁ;g&&aig‘% %%??%%Jﬁ%%l LRIGRETTERD) ;. num =
agents. si z8Qo; for (i Agt =ngexind < num ind++){ 50 agent

(Agent) agent s. el enent gon'agents = knownAgents.elements();

String question = EMPTY_ STRING;
if ((tempstatus.notMineAgentList.indexOf(IT_IS_MINE) >

15 NoONE) ||
NONE)) | (tempStatus.notMineAgentList.indexOf (MAYRE MINE) >
ONE -
for (index = 1; agents.hasMoreElements(); index++) {
agent = (Agent)agents.nextElement();
20 if ((!'agent.name.equals(sender.name)) &&

éég?$Community(agent.name.toLowerCase().trim()).equals(EMPTY STR
G)) && -

25 (((tempsStatus.notMineAgentList.indexOf (tag(agent.name,
IT IS MINE))} > NONE)) ||

( (tempStatus.notMineAgentList.indexOf (tag (agent.name,
MAYBE MINE)) > NONE)) || .
30 01 ¢ (tempStatus.notMineAgentList.indexOf (agent.name)
<
. String temp =
($t€§??)explanations.get(getCommunity(agent.name.toLowerCase().t
rim ;
35 if (question.indexOf (temp) < 0)
question = question + temp +
OPTION_SEPARATOR;
}

)
40 } else {
for (index = 1; agents.hasMoreElements/{); index++) (
agent = (Agent)agents.nextElement();
if ((!agent.name.equals(sender.name)) &&

45 (ég?TCommunity(agent.name.toLowerCase().trim()).equals(EMPTY STR
ING)) && -
(tempStatus.notMineAgentList.index0Of (tag(agent.name, COMMIT)) ==
NONE) &&

50
(tempst???s.notMineAgentList.indexof(tag(agent.name, NOT MINE))
== NONE -

_ String temp =
(String)explanations.get (getCommunity{agent.name.toLowercCase ().t
55 rim{))):
if (question.indexOf (temp) < 0)
question = question + temp +
OPTION_SEPARATOR;
)
60 )

}
if (question.length{) == 0){




I f (agent. nane. toLowercase() trin().equal s(targetNane)) return tenp; } 55
return EI\/PT@@ &NGk1 } public synchronized String unexpl ai n( $a1/08p9/13377

t ar get Nane) ( ri ng tenp; 60 for (Enuneration cat =

expl anati ons. keyso; cat. hasMoreEl enentso0;)l tenp =

(String)cat. nextEl enent o; -72- if

(target Nanme. equal s((String)explanations.get(tenp))) return tenp; 5

return targetNane; } public synchronized String

makeQuesti onStri ng( Agent St atus tenpSt at us;73Agent sender){ 10 i nt
i ndex; Agent agent; Enumeration agents = knownAgents.elements(; String
question = EMPTY STRING i fagél(ﬁseﬁp&omnﬁld%mgem Li st.indexO (I TI SM NE)

> 15 NONE) 11 (tenpStatus.fRbt Mnﬁ%mz eht auggggﬁs a I%,1\217‘5;:‘23;2=M’I‘\IE)’f“"ﬁ"T\TC’JNIE))(
for (index = 1; agents. hasl\/bgfL g‘E ,gme d@,g%g e &&

(Agent ) agent s5 next El ement () ;

((!agent. name. e ?%qﬂgﬁ@kﬁy(ﬁgﬁﬂé)yaqg&FoLowerCase() trlm()) equals (EMPTY_STR

(! get Conmuni ty(gﬂié;ﬁ Hane toLower Case().trinm()).equal s(CEMPTYSTR ING ) &&

{tempStatus.notMineAgentList.index0Of (tag(agent.name.toLowerCase (
10 ).trim{), COMMIT)) < 0)){

String temp =
(String)explanations.get (getCommunity (agent.name.tolLowerCase().t
rim()});

if ((temp != null) && {{question.length() ==

15 0) || (question.indexOf(temp) == NONE)}}
question = guestion + temp +
OPTION_SEPARATOT;

}
20 }
return question + IGNORE_OPTION + OPTION_SEPARATOR;
}

public synchronized boolean sendThemAll (Agent sender,

25 AgentStatus tempStatus) {

int index;

boolean result = false;

Agent agent;

Enumeration agents = knownAgents.elements():;
30 String question = EMPTY_STRING;

if {!onFocuses)

return false;
for (index = 1; agents.hasMoreElements(}; index++) {
agent = {(Rgent)agents.nextElement();

35 if ((!agent.name.equals (sender.name)} &&

(!getCommunity(agent.name.toLowerCase().trim(}).equals (EMPTY_ STR
ING)) &&

40 {{({tempStatus.notMineAgentList.index0Of (tag(agent.name,
IT IS _MINE)) > NONE) &&
(priorityMatches (tempStatus, agent,name,
IT_IS_MINE))) ||

45 ( (tempStatus.notMineRgentList.indexOf (tag{agent.name,
MAYBE MINE)) > NONE) &&
{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_YOURSY, msg.replyWith,
msg.language);

55 }
}

return result;

result = true;

}

60 public synchronized String tweekPriority(int priority)({
return Integer.toString(priority):;

}



25 (((tenpStatus. not M neAgent Li st. i ndexXf (tag(agent.name, |ITISMNE)) >
NONE)) 11 %r,gg jat us. not M neAgent Li st. i ndexCf (t ag(agent . %SMX_@;M NE) )
> NONE)) 11 3 _
(tenpStat us. not M neAgent Li st. i ndexXf (agent. name) < O)){ String tenp
(String)expl anations. get (get Cormuni ty(agent. nane.toLowerCase().t rim)); 35
I f (question.indexO(tenp) < 0) question = question + tenp +
OPTI ONSEPARATOR; ) 40 )else{ for (index = 1; _
agent s. hasMor eEl enent s(; i ndex++)( agent74-( Agent)agents. nextEl ement (; if
((lagent. name. equal s(sender. na9ne)) && 45
(! get Conmuni t y( ag®ntc namehitanl eee beaban) odlyior€ ). equal S(EMPTYSTR I NG ) &&
(t enpSt at us. not l\4 FeRYENERrISY. i ndexOF (t ag(agent. name, COWM T)) == NONE) &&
50 (tenpStat us. not M neAgent Li st. i ndexOf (t ag(agent. name, NOTM NE)) ==
NONE Strbng t ic synchronized boolean onFocus (String AgentsWhoKnow) {

) { &R

(String)explan s ﬁthga ent . nane. t oLower Case().t 55
rin()); if (quesho%. ﬁ&gx CALEHT IO M GdEsTIUAE question + tenp +
OPTI ONSEPARATOR; 6@8gérdt @geresti on. | engt h) ==0) (
10 Enumeration agents = knownAgents.elements();
String question = EMPTY STRING;
String delim = IT_IS MINE;
resultingFocus = tempStatus.maxLanguage;

int indx;
15 boolean IDidit = false;
for (indx = 1; agents.hasMoreElements(); indx++) (
agent = (Agent)agents.nextElement();

String theName = agent.name;
if (tagged(hRgentsWhoKnow, IT IS MINE, theName)) {

20 int index = - T
tempStatus.notMineAgentList.indexOf (tag(theName, delim)) +
theName.length({) + delim.length() + 1;

String priot =
tempStatus.notMineAgentList.substring (index,

25 tempStatus.notMineAgentlList. indexOf (NUMBER DELIMITER, index)):

int index2 = index + priot.length():

String requestFocus = focus(tempStatus, theName,

delim);
if
30 ( (tempStatus.notMineAgentList.indexOf (tag(requestFocus,
NUMBER_DELIMITER)) == index2) &&

(checkFocuses (tempStatus, theName, delim, priot)))
IDidit = true;
resultingFocus = merge{msg.content, resultingFocus,
35 requestFocus);

}

return IDidit;
)
40
public synchronized void processAnswers (Agent sender,
AgentStatus tempStatus, AgentMessage msqg){
String tempName;
String sendItTo;

45 tempStatus.message.language = msg.language;
tempStatus.message.content = msg.content;
problems.remove (msg.replyWith);
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 (index = 1; agents.hasMoreElements(); index++) (
agent = (Agent)agents.nextElement|();
if ((!tagged(tempStatus.message.inReplyTo,
IS_THIS_YOURS, agent.name)) &&
60 ({tagged(tempStatus.message.inReplyTo,
THIS_IS_YOURS, agent.name)) &&




-73- agents  knownAgents.elenents(); for (index ='1;

agents. hasl\/%sl;b,g ptso; index++){ agent = (Agent)agents. nexgdd/esm@nsny if
(('agent. nane. égual s(sender. nane)) && S

(! get Conmuni ty(agent . nane.t oLower Caseo).trimnm()).equal s(EMPTYSTR ING ) &&
(tenpSt at us. not M neAgent Li st. i ndexOf (t ag(agent . nane. t oLower Case( 10
Y}trimo, COMT)) < 0)){ String tenp

(String)explanati ons. get (get Corrruni ty(agent. nane.toLowerCaseo).t rim)));
if ((tenp '=null) && ((question.length(y75= 15 0) 11

(question-indexOh (tenp) == NONE))) question = question + tenp +

OPTI ON- SEPARATOR; ~~tagge(tarps tattus sk g o1 nRef IGROREREPTIREN +

OPTI ONSEPARATOR; 23spuet) &fnchr oni zed bool ean sendThemAl | (Agent sender, 25

Agent St at us t enPHlgatttonlind t3k 2 b CXameD OSM RRPCIsE M theim()f) Ak sl s AIRRY s3gent ;
Enuner ati on afeniss) ¥) knownAgent s- el enent so; 30 String question =
EMPTY STRING if_ (!onFocusiés) (ftagint{meaiiaRerlyde, EMRESTRING, COMMIT)

agent s. hasMor eEl hentsol ; i Ngevatdd (taAHtatTs OARHAGARAL $: NRXE FhiENt OU; 35
i f ((lagent. nameagzgtalsesender. nane)) &&
10 {{tagged (tempStatus.notMineAgentList, MAYBE_MINE,
agent.name)) &&
(!tagged (tempStatus.notMineAgentList, IT IS_MINE,
agent.name)})
return;
16 else if ((tagged(tempStatus.notMineAgentList,
IT_IS_MINE, agent.name)} &&
{priorityMatches (tempStatus, agent.name,
IT_IS MINE))){
TheyKnowCount++;
20 AgentsWhoKnow = AgentsWhoKnow +
tag(agent.name, IT IS _MINE);
} else if
{ (lagent.name.equals (tempStatus.message.sender)) &&
(!tagged{tempStatus.notMineAgentList,
25 NOT MINE, agent.name)) &&
- (!tagged (tempStatus.notMineAgentlist,
IT IS MINE, agent.name)) &&
-7 ((!tagged (tempStatus.notMineAgentlList,
MAYBE MINE, agent.name)) ||
30 (priorityMatches (tempStatus,
agent.name, MAYBE MINE))}) {
TheyMayKnowCount++;
AgentsWhoMayKnow =
AgentsWhoMayKnow + tag{agent.name, IT IS_MINE};
35 }

}
//d("tkc: " + TheyKnowCount + "tmkc: " + TheyMayKnowCount +
tempStatus.notMineAgentList + ": "
+tempStatus.message.performative+":"+ msg.inReplyTo +":"+
40 recency);
onFocuses = onFocus {AgentsWhoKnow) ;
tempStatus.processed = true;
if ({{TheyKnowCount == 1) && (TheyMayKnowCount == 0)} ||
{ (TheyKnowCount == 0) && (TheyMayKnowCount == 1)))
45 if (TheyKnowCount == 1)
sendItTo = AgentsWhoKnow.substring{(l,
AgentsWhoKnow.length() - 1);
else
sendItTo = AgentsWhoMayKnow.substring(1l,
50 AgentsWhoMayKnow.length() - 1);
if ((!tagged{msg.inReplyTo, EMPTY_ STRING, COMMIT})} &&

(tempStatus.message.performative.equals (IS_THIS_YOURS))){ //One
agent knows!
55 agent =
{Agent) knownhgents.get (tempStatus.message.sender}:
problems.remove (msg.replyWith);
problems.put (msg.replyWwith, tempStatus):;
int tt:
60 if (TheyKnowCount == 1) {
String tempFocus = focus (tempStatus, sendItTo,
IT IS _MINE);



(1 get Conmuni ty(agent . nane. t oLower Caseo) . tri noC). equal s(EMPTYSTR ING ) && 40
(((tenpStatus neAgent Li st. i ndexO (t ag(agent . nane, ITI§%§WE% E)
&& (prior |‘P’9I@yg§hgs(tenpst atus, agent.nane, ITISMNE))) 11 N
((tenmpSt at us. not M neAgent Li st . |ndefo(tag(agent.nane, MAYBEM NE) ) > NONE)
&% (priorityMatches(tenpStatus, agent.name, MAYBEM NE))) 11
(tenmpSt at us. not M neAgent Li st . i ndexOf (agent. nane) 50 ==NONE)))H
sendMessage(agent, THI SIS YOURS, nsg.content, nsg.inReplyTo + tag(nane,
THI SI SYOURS), nsg.replyWth, nsg.|languageg< result = true; 55
} return result; 60 public synchronized String tweekPriority(int
priority){ return |Integer.den8fi¢ssage pigent, Iy) IS_MINE,/sgpdakest,synchroni zed
bool ean onl yOm$ inRenlyfe, ﬁ‘t&gsléepl_‘zwg-hr ugl | c.synchropi zed bool ean
onFocus(String® ﬁf‘s‘Wff\S}é ’Wﬁp?‘g% ﬁl d "EEPIES R i ve. i f
(Agent s\WhoKgow. equal s( E TéfSIﬁé N@)@:Fd’@kuﬁ Totad SeimpAgens, agaattTo]l0

. MI —
Enumer at i on agEs XRAowNAQeRL S, SLETRAL S ShirmdMohE 2YS8hk N, = EVPTY
G msg.inReplyTo, msg.replyWith,
tweekPriority(tempStatus.maxPriority), tempFocus);

10
) else if ((tagged(msg.inReplyTo, EMPTY_ STRING,
cOMMIT)) ||
(tempStatus.message.performative.equals (THIS_IS_YOURS))) {
15 if (tagged(msg.inReplyTo, EMPTY_STRING,
COMMIT) }
msg.inReplyTo = COMMIT;
else
msg.inReplyTo = EMPTY_ STRING;
20 sendMessage { (Agent) knownAgents.get (sendItTo),
THIS_IS_YOURS, msg.content, msg.inReplyTo + tag(name,
THIS_ IS_YOURS),
msg.replyWith, msg.language):
if (recency.containsKey (tempName = sendItTo))
25 recency.remove (tempName) ;
recency.put (tempName, msg.replyWith);
} else
if
(tempStatus.message.performative.equals (RESTORE)) (
30 problems. remove (msg.replyWith);
sendMessage ( (Agent) knownAgents.get (sendItTo),
RESTORE, msg.content, tag(name, RESTORE), msg.replyWith,
msg.language) ;
} else
35 if

{tempStatus.message.performative. equals(DISSATISFIED)) {
problems.remove (msg.replyWith);
sendMessage ( (Agent) knownAgents.get (sendItTo),

DISSATISFIED, msg.content, tag(name, DISSATISFIED),

40 wmwsg.replyWith, msg.language):

} else if ((TheyKnowCount == 0} ||
{TheyKnowCount + TheyMayKnowCount > 1)){
//Bveryone has said this problem isn’'t their's,
45 or there's a conflict
if
(tempStatus.message.performative.equals (IS_THIS_YOURS) ) {
problems. remove (msg.replyWith);
problems.put (msg.replyWith, tempsStatus);

50
if {(tagged (msg.inReplyTo, EMPTY_STRING,
COMMIT) ) {
if ((TheyMayKnowCount == 1) &&
{TheyKnowCount == 0)) ({
55 problems. remove (msg.replyWith);
if (tagged(msg.inReplyTo, EMPTY_ STRING,
COMMIT) )

msg.inReplyTo = COMMIT;

60 sendMessage( (Agent)knownAgents.get (AgentsWhoMayKnow.substring(1l,
AgentsWhoMayKnow.length() - 1}), THIS_IS_YOURS,




String del i m = | TI SM NE; resul ti ngFocus = tenpStatus. maxLanguage; int indx;

15 Jt) pidit = false; for (indx = 1; agents.hasNOrRESeNENT SO;
I ndx++) ( agen Els(z gent)agent s. next El ementof; String theNane = agent. nane;
i f (tagged( Agent sWhoKnow, | Tl SM NE, thel\larre)){ 20 int index =

t enpSt at us. not M neAgent Li st . i ndexof (tag(theName, delim) + theNane.!|ength()
+ delimlength() + 1; String priot =
t enpSt at us. not M neAgent Li st. substring(i ndex, 25
t enpSt at us. not M neAgent Li st . i ndexOf ( NUI\/BERIDELI M TER, index)); int index2 =
i ndex + priot.lengtho; String requestFocus focus(tenpSt atus, theNane,
delim; if 30 ((tenpSt at us. not M neAgent Li sttsgwmbéxﬂ, nadyinBepiaBe Focus,
NUMBERDEL | M TER)saginaW%deyI%&%’%eagggyg ﬁ{ %@g@@ 9§be1\larre del i m

@

priot))) IDdit gehtstomt 8&dliidudg $1- héMEy@nowt DERGRRL) - 1)))
resul ti ngFocus, 35 requestFocus); rﬁ@&mynrdrr@rddttempmegubl I C synchronl zed

voi d processAnswer s( Agent sender ﬂf%tpél’f[fsemf”&’ﬁ%t’%ﬁgu ePLXBEHY Kessage

nsg) ( String tenpName; String sendT i £0{1 4RdThemnl1 (sende@NPSimpEtEudESSage.
| anguage = ns | anguage; tenpSt at us regsageiscoetsent - perigmatove ent ;

probl ens. reniagé(mw’éfﬁwwlﬁ’ﬁ)

rsg.inReplyTo;

tempStatus.message.inReplyTo =

sendMessage { (Agent} knownAgents.get (MenuAgent.instance.name),
15 ASK_OPTIONS_FROM USER,

makeQuestionString (tempStatus, sender), msg.inReplyTo,
msg.replyWith, msg.language);
return;

20

} else if
(!tempStatus.message.performative.equals (THIS_IS_YOURS})
if ({TheyMayKnowCount == 0) &&
25  (TheyKnowCount == 0})

sendMessage ( (Rgent) knownAgents. get (tempStatus.message.sender),
NOT_MINE, msg.content, msg.inReplyTo,
msg.replyWith,
30 msg.language);
else if {(TheyKnowCount > 1} &&
(onFocuses))
/**/
sendMessage ( (Agent) knownAgents.get (tempStatus.message.sender),
35 IT IS MINE, msg.content, msg.inReplyTo,
-7 ms¢g.replyWith,
resultingFocus, tempStatus.maxPriority):
else

40 sendMessage((Agent)knownAgents.get (tempStatus.message. sender},
MAYBE_MINE, msg.content, msg.inReplyTo,
msg.replyWith,
msg.content, tempStatus.maxPriority); //*
else if
45 ((tempStatus.message.performative.equals{(THIS_IS YOURS)) &&
((TheyKnowCount 1) |1
{TheyMayKnowCount > 1})) {
if (!sendThemAll (sender,
tempStatus) ) {

50
sendMessage ( (Agent) knownAgents.get (tempStatus.message.sender),
MAYBE MINE, msg.content, msg.inReplyTo,
- msg.replyWith,
msg.content, tempStatus.maxPriority)://*
55

}
] else {
interpretIt (msg.content,
msg.content.toLowerCase () .trim(), msqg);

60 sendMessage({Rgent) knownAgents.get (tempStatus.message.sender),
MAYBE MINE, msg.content, msg.inReplyTo,



probl ens. put (nmsg. repl yWth, tenpStatus); Agent agent; 50

Enuner ati OW&%? = knownAgents. el enent sol ; int TheyKnowCogyseoaarh Nt
TheyMayKno a = 0; int index; AgentsWioKnow = EMPTY STRING 55

Agent sWhoMayKnow = EMPTYSTRI NG for (index = 1; agents. hasMoreEl enentsol ;

I ndex++) ( agent = (Agent)agents. nextEl enmentof; if

(('tagged(tenpSt at us. nessage. i nRepl yTo, IS TH SYOURS, agent.nane)) && 60
(I'tagged(tenpSt at us. nessage. i nRepl yTo, TH SI SYOURS, agent.nane)) && - 75-
('tagged(tenpSt at us. nessage. i nRepl yTo, RESTORE, agent.nane)) && '
(! get Conmuni ty(agent . nane. t oLower Case().trin( ).equal s(EMPTYSTR 5 ING)) if
((1tagged(rnsg.i nRepl yTo, EMPTYSTRING COW T)) && msg.replyWith,

(!t agged(t enpSnsg-For¥rtM FRERGEIUS] BAXPrAINYNE, /*Yagent nane)) && 10
(!'tagged(tenpStatus. not M neAgent Li st, MAYBEM NE, agent. nane)) &&
('tagged(teppSt af us. not M neAgent List, | TISM NE, agent.nane))) return; 15

else if ((tagged(tenpStatus.notM neAgentList, | TlISM NE, a%enjt .hane)) &&
( pr i orit yMat Ch§§§- é%yaftbgpnléa:bﬁ?oih greaterOrEqualRecency (String rl,
l ) . )

rl = (String)recency.get(rl);

10 r2 = (String)recency.get(r2);
if ((rl '= null) && (r2 == null))
return true;
if ({(rl == null) && (r2 == null))
return true;
15 if ((xrl == null) && {(r2 != null))

return false;
Integer templ = new
Integer(rl.substring(rl.indexOf("#") + 1, rl.length())):
Integer temp2 = new
20 1Integer(r2.substring(rl.indexOf("#") + 1, r2.length{())):
if (templ.intValue() >= temp2.intvValue())
return true;
else return false;

}

25
public synchronized boolean greaterRecency{String rl, String
r2) | :
rl = (String)recency.get(rl):
r2 = (String)recency.get(r2);

30 if ((rl != null) && (r2 == null))
return true;
if ((rl == null) && (r2 == null))
return false;
if {({rl == null) && (r2 != null))
35 return false;
Integer templ = new
Integer{rl.substring(rl.indexOf ("#") + 1, rl.length()));
Integer temp2 = new
Integer (r2.substring(rl.indexOf ("#") + 1, r2.length())):
40 if (templ.intValue() > temp2.intValue())
return true;
else return false;

)
45 public synchronized boolean equalRecency({String rl, String r2)
{

rl (String) recency.get (rl);
r2 (String) recency.get (r2);
if ((rl !'= null) && (r2 == null))
50 return false;
if ((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;

n




| TISM NE) )){ TheyKnowCount ++; 20 ' Agent s\WhoKnow =

Agent sV\hoKn@wﬁ,ﬁgﬁ?(agent .name, ITIS MNE); e else if PCT/US99/13377
{(!'agent. nanme. equal s(tenpSt at us. nessage. sender)) & -
('tagged(tenpSt at us. not M neAgent Li st, 25 NOTM NE, agent.nanme)) &&
(!tagged(tenpSt atus. not M neAgent Li st, |1 TISM NE, agent.nane)) &&
(('tagged(tenpSt at us. not M neAgent Li st, MAYBEM NE, agent.nane)) Il 30
(priorityMatches(tenpStatus, agent.name, MAYBEM NE)))){ TheyMayKnowCount ++;
Agent sWhoMayKnow = Agent sWhoMayKnow + t ag@agent. nane, | TISM NE); 35
[1d("tkc: 1' + TheyKnowCount + '1ltnkc- " + TheyMayKnowCount +

t enpSt at us. not M neByentskhQtromized StrihgnpSuaidsentRasagepeitheasat i ve+": "+
msg. i nRepl yTo +5'%1'i{194‘€!131"?‘&%_eﬁ%:$’ diBkuses = on_Focus(Ag(entsV%oKnovv);
tenpStat us. procgsselh 3 EhiiGnc 1o iﬁqhéﬁﬁi@ﬁ@iﬁgﬁ% F*h( ‘e TheyNEgnonCount
== 0)) | ((TBeyKnowEsaitiat ps=ot0s {chihey May i stEsubdtingBindex,

i f ( They KnowCouhgmps£atyds - seifd pePRen ELiAg elntde wPIORKRERS DBSMITERY ( index) ) ;

Agent s\WhoKnow. | engt@tgigdﬁgﬁtﬂgénggmgtﬁ%g& RES W w. subst ring(1,
50 Agent sWhoMayteapar dei3gh 'neAgEhtLﬂsE.ir(dkk@g@eﬁl[i%sgmn Y 18aexEMPTYSTRI NG,
COWM T)) &81PtenpSt at us. nessage. performative. equals(I STHI'S YOURS))){ //One

public synchronized boolean checkFocuses (AgentStatus
tempStatus, String theName, String delim, String priot)({
String remainder;
15 int index;
if (delim.equals(IT_IS_MINE))
remainder = AgentsWhoKnow;

else
remainder = AgentsWhoMayKnow;
20 if ((remainder.length{) == 0) &&

(!theName.eguals (tempStatus.maxPriorityAgentName))) {
String tempFocus2 = focus(tempStatus, theName, delim);
if ({!theName.equals(tempStatus.maxPriorityAgentName)) &&
( (!betterFocus (tempFocus2, tempStatus.maxLanguage}) &&
25 ({equalFocus (tempFocus2, tempStatus.maxLanguage))))
return false;
return true;

while (remainder.length{) != 0) {
30 String check = remainder.substring{l, (index =
remainder.indexOf (IT_IS MINE, 2)});
remainder = remainder.substring(index + 1,
remainder.length(});
String tempFocusl = focus (tempStatus, check, delim);
35 String tempFocus2 = focus (tempStatus, theName, delim);
if ((!theName.equals{check)) &&
{!betterFocus (tempFocusl, tempFocus2))} &&
(!equalFocus {tempFocusl, tempFocus2)))
return false;
40
return true;

}

public synchronized boolean priorityMatches (AgentStatus
45 tempStatus, String theName, String delim) {
String requestFocus = focus{tempStatus, theName, delim);
int index = tempStatus.notMineAgentList.indexOf (tag(theName,
delim}) + theName.length{) + delim.length{) + 1;
String priot = tempStatus.notMineAgentList.substring(index,
50 tempStatus.notMineAgentList.indexOf(NUMBER DELIMITER, index));
int index2 = index + priot.length{(}:
if {((tempStatus.notMineAgentList.indexOf (tag(requestFocus,
NUMBER_DELIMITER))} == index2) &&
(checkFocuses (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) )



agent knows! agent = '
(Agent)kno%gi?;s@vget(termSt at us. nessage. sender); probl eNBpCT/US99/13377
t

-renove(ns th); problens.put(nmsg.replyWth, tenpStatus); int tt; 60
i f (TheyKnowCount == 1)( String tenpFocus = focus(tenpStatus, sendltTo,

| TI SM NE) ; -76- sendMessage(agent, ITIS M NE, nsg.content, nsg.

I nRepl yTo, nsg. replyWth, tweekPriority(tenpStatus. maxPriority),

tenpFocus); ) else ( 5 String tenpFocus = focus(tenpStatus,

sendl t To, MAYBEM NE); sendMessage(agent -8MAYBEM NE, msg.content, msg.

I nRepl yTo, nsg. replyWth, tweekPrl ority(tenpStatus. maxPriori ty)
tenpFocus); 10 ) else if g(tea;g %I nRepl yTo, EMPTYSTRING COW T)) 11
(tenpSt at us. message. perfG trF edamtS(THI S |'S YOURS))) ( 15

i f (tagged(nsg.inRe Iy o STE TRI NG, COVI\/IT)) nsg. i nRepl yTo = COW T,
el se nsg. i nBeplyTo :eEWTY&HEI,NG 20

sendl\/bssage((Age?t’) knownAgent s. get (sendltTo), THIS IS YOURS, nsg.content,
nsg. i nRepl yTo + tag(nane, THI SI SYOURS),

public synchronized void dissatisfaction(AgentMessage msg) {
10 processIt (msg.content);
Enumeration cat = communities.keys{():
String question = EMPTY_STRING;
for (int index = 1l; cat.hasMoreElements(); index++) {
String temp =
15 (String)explanations.get ((String)cat.nextElement()):;
if (question.indexOf (temp) < 0)
question = question + temp + OPTION_SEPARATOR;

tempStatus = new AgentStatus(new AgentMessage (msg),
20 EMPTY STRING, new AgentMessage(lastMessage), 0, EMPTY_ STRING,
- EMPTY_ STRING,
EMPTY_STRING) ;
if (!problems.containsKey(msg.replyWith))
problems.put (msg.replyWith, tempStatus) ;
25
sendMessagde ( (Agent) knownAgents.get (MenuAgent.instance.name),
ASK OPTIONS_FROM USER, question + IGNORE_OPTION +
OPTION SEPARATOR,
msg.inReplyTo, msg.replyWith,
30 msg.language):
}

public synchronized void receivedAdvertise() { // Agent
wants to tell me it can handle questions concerning content.
35 Agent sender = {(Agent)knownAgents.get (msg.sender) ;
if
(!getCommunity (msg.content. toLowerCase() trim()).equals (EMPTY_ ST
RING)) {
Vector agents =
40 (Vector)communities.get {msg.content.tolowerCase().trim())
agents.addElement (sender) ;
} else {
Vector agents = new Vector() ;
communities.put (msg.content.toLowerCase() .trim(),
45 agents) ;
agents.addElement (sender)

iearned.put(EXACT_MATCH + msg.content.tolowerCase().trim(),
msg.content.toLowerCase().trim(});
50 if (!msg.ontology.equals(EMPTY STRING))
explanations.put (msg.content.toLowerCase().trim()},
msg.ontology) ;
else
explanations.put (msg.content.toLowerCase().trim(),
55 nmsg.content.toLowerCase().trim());

}

public synchronized void receivedUnAdvertise(){ // Agent
wants me to remove it from the community.
60 Agent sender = (Agent)knownAgents.get (msg.sender) ;



msg.repl yWth, nsg.language); if (recency.containsKey(tenpName = sendltTo))
. \1!4999@381 . recency. rempve(tenpName); recencyp@ruswasiTane,

nsg. repl yw thy; se if (tenpStatus. nessage. performative. equal s(RESTORE))

30 probl ens. renove(nsg. repl yWth);

sendMessage( ( Agent ) knownAgent s. get (sendl t To), RESTORE, nsg.content,

tag(nane, RESTORE), msg.replyWth, msg.language); } else 35

if (tenpStatus. nessage. performative. equal s( DI SSATI SFI ED) )

probl ens. renove(nsg. repl ywWth); -81~

sendMessage( ( Agent ) knownAgent s. get (sendl t To), DI SSATI SFI ED, nsg. cont ent,

tag(name, DI SSATISFIED), 40 nsg.replyWth, nsg.|anguage); else if

(( TheyKnowCount £tgeg§o n%%@%ﬁ@ﬂﬂﬁﬁnphpwﬁfé‘?%&rl’%ﬁb‘ﬂ\ﬁguﬁ‘iuais BMpFY_ST

/' Everyone has SHNE 1 hi e QblemLsn't their's, 45 or there's a conflict

i f (tenpStatus. MpRSAGE) PRI DEBL. gwe(reg Uains f41S tTHES r¥ERS) §inm())

problenB.rennve(nsg.rep@g@ﬁﬁh%?“ﬁ?%%#@ﬁ?@ pesy. repl yWth, tempStatus); 50

if (t d(msg. i xow S GOUM. Re)-badel() ({2 o
! é?gﬁgy&ﬁﬁ%ﬂﬁ?ﬁﬁ&%; el iz p\eN Tekadelr) ({TReyMayKnowCount

orob ems. emae( g, Aepl YW L), i 859ed R LofsplTy) RIETY,STRI NG

explanations.remove(msg.content.toLowerCase().trim());
}

15 public synchronized void receivedInterpretationRequest(}{
// Bgent says this item is mine and I should process and
route it or is asking whether this item is mine or not,
Agent sender = {Agent) knownRgents.get (msg.sender) ;
Agent agent;
20 if (problems.containsKey(msg.replyWith))
if (!tagged(msg.inReplyTo, EMPTY STRING, COMMIT)) {
if (tempStatus.processed)
tempStatus.message = new AgentMessage (msg);
if {(msg.performative.equals (THIS IS YOURS)} ||
25 (msg.performative.equals (DISSATISFIED)})
processedltem =
processIt(msg.content);//Normally should not change item.
else if (msg.performative.equals(RESTORE))
processedltem = unProcessIt (msg.content);
30 else processedItem =
msg.content.toLowerCase().trim();
processAnswers (sender, tempStatus, msg):
return;
) else problems.remove (msg.replyWith};
35 } else {
tempStatus.message,inReplyTo += COMMIT;
if {{msg.performative.equals (THIS_IS_YOURS)) I
(msg.performative.equals (DISSATISFIED)}))
processedItem = processIt(msg.content);//Normally
40 should not change item.
else if (msg.performative.equals (RESTORE))
processedlItem = unProcessIt (msg.content);
else processedItem =
msg.content.toLowerCase() .trim();
45 processAnswers (sender, tempStatus, msg);
return;
}
AgentMessage tempMsg = new AgentMessage (msqg) ;
0 perform(msg, sender, OPTIMISE);
5

public synchronized void receivedNotMine () { // agent says
this item does not belong to it.
Agent sender = (Agent) knownAgents.get (msg.sender} ;
55 if (problems.containsKey(msg.replyWith)) {
if (!tagged(tempStatus.interpretations, IT_IS_MINE,
sender.name} }
tempStatus.notMineAgentList =
tempStatus.notMineAgentlist + tag(sender.name, NOT_MINE);
60 else {



nsg. |nRepI yTo = COWM T; 60

sendMess nt ) knownAgent s. get ( Agent sV\hoI\/ayKnow subs

Agent svagﬁ/gé/%%g‘/v length() - 1)), TH S_| SYOURS, -77- rr%gr@%éétlgﬁp

nmsg. i nRepl yTo + tag(nane, THI SI SYOURS), nsg.replyWth, nsg.language); if )
(recency. cont ai nsKey(tenpNane Agent s\WhoMayKnow. subst i ng(1,

Agent sWhoMayKnow. | engtho() - 1))) 5

recency. renove(tenpNane); recency. put(tenpNane, nsg.replyWth); else | if
(i sendThenmAl | (sender, tenpStatus))f t-apStatus. nessage. performative = 10°
meg. performative; tenpStatus. message. i nReplyTo = nsg. i nRepl yTo;
sendMessage( ( Agent ) knowtAgenpt s. get ( MenuAgent . i rist ance. nane), 15

ASKOPTI O\ISFR@VPMUSWWFM P?W@Mﬁ%@s ;namepder ), nsg.inRepl yTo,

nsg. repl yw t¥-% ?FE'@T'NF' %)mqﬁé‘ét%éhs 20 ) else if ._.
(!t enpSt & us.empSERES . PelrPFatall ¢14e sesHLRl (-Eldnﬁhs\{&éﬁg.}xaﬂlef length()

( ( They May Know@otitT_I& tﬁ‘(}lﬁi}j"ﬂ&&iﬂ%h() (TheyKnowCount_ ==
sendNbssage(CRBEM5En m@%ﬁﬁ wfggiﬁ% ﬁé&gg@g}g gs) NGTM NE,
nmsg. content, nsg.inkReplyTo, nsg.repfyWwt nsy. a guage élse if
((TheyKnkﬂvCount > 1grwsshnsw;=:rs(sender, tempStatus, msg).s
se System.out.println("WARNING! [" + name + "]:
Not—Mlne' received from " + sender.name + " for an unknown
problem: " +
msg.content + ":" +
15 msg.replyWith):
}

public synchronized boolean betterFocus(Strlng newFocus,
String oldFocus) {
20 return ((newFocus.length() < oldFocus.length()) && S
( (newFocus. equals (EMPTY_STRING)) ||
(oldFocus.indexOf {(newFocus) > NONE))

)?
}

25
public synchronized boolean equalFocus(strlng newFocus, String
oldFocus) {
return ((!newFocus. equals(oldFocus)) && B
( (newFocus.indexOf (oldFocus) == NONE) &&

30 (oldFocus.indexOf (newFocus) == NONE))
. )
}

public synchronized void cleanList (String theName) {
35 int index = tempStatus.notMineRAgentList.indexOf (tag (theName,
IT_IS_MINE));
if {index == NONE)
index = tempStatus.notMineAgentList.indexOf (tag{theName,
MAYBE MINE));
40 int ind2 = 1 +
tempStatus.notMineAgentList. 1ndex0f(NUMBER _DELIMITER,
tempStatus.notMineAgentList. 1ndexof(NUMBER DELIMITER, index) +
NUMBER DELIMITER.length(}):;
//d{"WAS!" + tempStatus.notMineRgentlist);
45 tempStatus.notMineAgentList =
tempstatus.notMineAgentList.substring(o, index) +

tempStatus.notMineAgentList.substring(ind2,
tempStatus.notMineAgentList.length())’
50 tempStatus.notMineAgentList = tempStatus. notMlneAgentLlst +

tag (theName,
NOT MINE) ;

//d("BECAME!" + tempStatus.notMineRAgentList);
}

public synchronized void 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)) ||

55




(onFocuses)) /** [

sendNbssage(%%g)aéa)sll(novagent S. get (tenpSt at us. nessage. sender pctTA899/13377

| TI SM NE, nsg ent, neg.inReplyTo, nsg.replyWth, resultingFocus,
tenpStatus. maxPriority); else 40

sendMessage( ( Agent ) knownAgent s. get (t enpSt at us. nessage. sender), MAYBEM NE,
nsg. content, nmsg . inReplyTo, nmsg. replyWth, nsg.content,

tenpStatus. mexPriority); /1* else if 45

((tenpSt at us. message. performative. equal sEBEFS 1S YOURS)) &&

(( TheyKnowCoui i nt 1) Il (TheyMayKnowCount > 1))) { if (!sendThenm |
(sender, tenpStatus)){ 5Q(tempstatus. maxPr:Lorlty = mp) &&

o oot o e I R ST A B e,
/

us.maxLanguage))
tenpSt at us. magPriority) 55 el se |nterpretlt ns
nsg. cont ent . toLOV\er Case tqrqpﬁ 1n@€gentm.st J.ndexOf(tag(requestFocus,
sendl\/Essage((Age g? &{) )Aﬂys nmessage. sender), MAYBEM NE,

nmsg. content, neg. i nRepI y Datteri‘ Bfremagsmph:y,V\kéﬂipstaﬁgs eextagthage))
t enpst at us. rr&QPrlorlty) IRR

false) &&

if ((tempStatus.maxPriority >= mp) && (onlyOne{() ==

(! {(tempStatus.maxPriority == mp) &&
{ (greaterRecency{sender.name,
15 tempStatus.maxPriorityAgentName)) ||
{ {tempStatus.maxPriority == mp) &&
{equalRecency (sender.name, tempStatus.maxPriorityAgentName)) &&
{requestFocus.equals (tempStatus.maxLanguage)})
})) s&
20 {betterFocus (requestFocus,
tempStatus.maxLanguage) ) )
cleanlList (tempStatus., maxPrlorltyAgentName),
tempStatus.notMineAgentList =
tempStatus.notMineAgentList +
25 tag (sender.name,
tempPerformative} +
mp + NUMBER_DELIMITER
+ requestFocus + NUMBER_DELIMITER:
tempStatus.maxPriority = mp;
30 tempStatus.maxLanguage = requestFocus;
tempStatus.maxPriorityAgentName = sender.name;
} else tempStatus.notMineAgentList =
tempStatus.notMineAgentList +
tag (sender.name,
35 NOT MINE);
}

public synchronized String merge(String source, String sl,
String s2}{
40 string tempResult = EMPTY_STRING;
//A("WAS:" +s1 +":"+ s82);
if (!source.equals(EMPTY STRING) } {
int 1 = 0;
while ({i < sl.length{)) && (i < s2.length()) &&

45 {sl.charAt (1) == source.charAt(i}) &&
{s2.charAt (i) == source.charAt(i)})
1++;
tempResult += source. substring (0, i);
i = source.length() - 1:
50 int i1 = sl.length() - 1;
int i2 = s2.length{() - 1;
while ((il > 0) && (i2 > 0) &&
(sl.charAt(il) == source.charAt(i)) &&
(s2.charAt (i2) == source.charAt(i))){
55 i-=-; il-=-; i2--;

tempResult += source.substring(i + 1, source.length{)):;

}
//3{"BECAME:" + tempResult):;
60 return tempResult;
}



} public synchroni zed bool ean greater O Equal Recency(string rl, String r2) {

ri = (Str §nc t(rl 10 2 = (St X
P e s 25 (o sl (12

== null)) return true; if ((rl == ==
nul 1)) return true; 15 if ((rl == null) && (r2 != nuII)) return
fal se; Integer tenpl = new Integer(rl.substring(rl.indexOr("#") + 1,
rl.lengtho)); Integer temp2 = new 20 Integer(r2.substring(rl.indexof("#")
+ 1, r2.length))); if (tenpl.intValue() >= tenp2.intValueo) return true;
el se return fal se; } 25 publ i c synchrorgged bool ean greaterRecency(String
rl, String r2) { rl = (String)recency.get(rl); r2 =
(St ring) recencyp@atiér Mnchdéhized void receivdamife () (! = null Jged® §dv2 nul 1))
return true; ithig (J{tlemmYnhﬂO}lgm fE2or=agent B3ys thiwrifehgoss; belfong(r| - =

null') && (r2 2 f@-ﬂtl dnady = gfnt)km))wrﬂ-\giﬁtg Bég(rrfsal §§7deH"t .eger tenpl = new

I nteger(rl .SSUbS?xEﬂIt B . |ndex eng ho))); Integer tenmp2 =
n{gt hoO) ) ;

i . Foc N +
new Integer(r2.8 i%rfggggfimg 22%?%%&&92@( sg. reblyw tL))
if ((ltagged(tempStatus.notMineAgentList, IT_IS_MINE,
msg.sender)) &&

10 (!tagged (tempStatus.notMineAgentList, MAYBE_ MINE,
msg.sender))) {
int mp = Integer.valueOf (msg.ontology).intValue();
String tempPerformative;
if (!tagged(tempsStatus.interpretations, IT_IS_MINE,
15 sender.name)) {
requestFocus = msg.language;
if (msg.performative.equals(MAYBE MINE))
tempPerformative = MAYBE MINE;
else tempPerformative = IT_IS_MINE;
20 } else {
tempPerformative = IT IS_MINE;
mp = priority;
temp =
tempStatus.interpretations.indexOf (tag(sender.name,
25 IT IS _MINE)):
requestFocus =
tempStatus.interpretations. substrlng(temp + sender.name.length()
+ 2 * IT IS MINE.length(),
tempStatus.interpretations.indexOf (NUMBER DELIMITER, temp)):
30 if (!requestFocus.equals {msg.language))
if ((temp = requestFocus.indexOf (msg.language))
> NONE)
requestFocus = requestFocus.substring(0, temp)
+ requestFocus.substring(temp + msg.language.length(),
35 requestFocus.length()):
else if ((temp =
msg.language.indexOf (requestFocus)) > NONE)
requestFocus = msg.language.substring(0,
temp) + msg.language.substring(temp + requestFocus.length(},
40 msg.language.length()}):
else if (!requestFocus.equals(msg.language))
requestFocus = merge (msg.content,
requestFocus, msd.language);
}

45 insertOutcome (tempPerformative, mp, requestFocus);
processAnswers (sender, tempStatus, msg):;
} else

sendMessage ( (Agent) knownAgents.get (tempStatus.message.sender),
MAYBE MINE, msg.content, msg. inReplyTo,

50 msg.replyWith, msg.language,
tempStatus.maxPriority);

} else System.out.println("WARNING [" + name + "]: A
Maybe-Mine! or It-is-Mine! received from " + sender.name + " for

55 an unknown problem: " +
msg.content + ":" +
msg.replyWith);
}
60 public synchronized void receivedLearn({) { // agent says I

should learn (or unify the effect of these two requests)
int index;




40 I f (tenpl.intValue() > tenp2.intValueo) return true; else
return fal squodopseags PUbl i ¢ synchroni zed bool ean equal RecencyHcavusosgssn?
String r2) rl = (String)recency.get(rl); r2 = (String)recency.get(r2); if

((rl '=null) && (r2 == null)) 50 return false; if ((rl ==
null) & & (r2 == null)) return true; if ((rl == null) && (r2 1= null))
return fal se; 55 I nteger tenpl = new
Integer(rl.substring(rl.indexOF("#") + 1, rl.length()); Integer tenp2 = new
I nteger(r2.substring(rl.indexOr("#") + 158%2.length())); if
(tenpl.intValueC) == tenp2.intValue() 60 return true; else
return fal se; AgERt gander = dRxgmiv) Mmederﬁsrdetgmég)@as:(e&gent St at us

tenpStatus, String tﬁégfa’ oblems ; ¢oR LR SKRY fspn¥ep; ) L

t enpSt at us. not MgRsAgen iﬁgg’fi?ﬁﬂ (34§ ﬁﬂ@“ﬁ’g 6 /jenoay leaiesTe. | engt ho)
+ del i m | engtsh( eMBTY[STRING, String priot = -

t enpSt at us. not M neAgent Li st substri na(index, EMPTY_STRING};

t enpSt at us. not M neAg@afi[ﬁgsﬁﬁré‘@E 5 BELWWEJER () IvidRY);) ; i nt index2 =

i ndex + priot.|ength@hterptetatéburinterpretation = interpretIt(item,

t enpSt at us. A¢ MPARIRFEATIG8 .'Pfﬁg’st ri ng(i.nde
t enpSt at us. not Mmgﬁ%fﬁ?@ﬁﬁi@ %S(’,lé:f ( %\ﬁk’/&%ﬁﬂ’ﬁﬁ,ﬁfﬁ&e&%?)) ; 10 public
synchroni zed bool ean lehedkéqetses| AperexBtetiatiSon. result, whichAgent);

15 Enumeration agents = knownAgents.elements():;
Agent tempAgent;
for {(index = 1; agents.hasMoreElements{); index++) {
tempAgent = (Agent)agents.nextElement{);
sendMessage( tempAgent, UN_LEARN, processedIltem,
20 EMPTY STRING, msd.replyWith, msg.language};

problems.remove (msg.replyWith); //remove registered

problem.
}
25
public synchronized void receivedUnLearn() { // agent says
I should forget what I've learned about a certain request.
int index;
Agent sender = (Agent)knownAgents.get(msg.sender} ;
30 if (learned.containsKey(EXRCT MATCH +
msg.content.toLowerCase () .trim())) {
String item = msg.content.tol.owerCase().trim();
Interpretation interpretation;
while ((interpretation = interpretIt{item, item, msg})
35 t= npull){
Vector agents =
(Vector)communities.get {interpretation.result);
int num = agents.size() ;
for {index = 0; index < num; index++)
40 if (sender == (Agent)agents.elementAt {(index)) {
unlearn(item);
return;
item = interpretation.remainderRequest;
45 }

}
}

public synchronized void receivedDissatisfied({) ({ // agent
50 says a conflict has occured on a certain request.
String item = msg.content ;
string processedItem = item.toLowerCase{}.trim();
// If I don't have any communities under me I should
disregard command
55 if ({(communities.size{) == 0) && (interpretlt(item,
processedItem, msg) == null))
return;
dissatisfaction(msqg);
return;

60 }



terrpStatus Stri ng theName, String delim String priot){ String remainder;
% I f (delimequal s(IT ISMNE)) remai nder pergeejisithoKnow,

eI se renmi nder = gentsV\hoMayKnow, 20 if ((remainder.length() == 0)

&& (itheNane. equal s(tenpStatus. maxPriorityAgentNane))){ String tenpFocus2 =

focus(tenpStatus, theName, delim; if

(( 1t heNane. equal s(terrpSt atus. maxPriorityAgent Nane)) &&

((!betterFocus(tenpFocus2, tenpStatus. maxLanguage)) &4 25

(!equal Focus(tenpFocus2, tenpStatus. maxt8hguage)))) return false; return

true; while (renuainder.|lengtho) 1= 0) 30 String check =

remai nder . subst rpuxgbk, synchrohezed vpemelqde\redmnd@t&éul‘EtnSM NE, 2)apent

remai nder = resayhderhal} Jr’sirﬁ n engt tring
tenpFocus| = f Beisiehe ™ Eg gﬁ g’ﬁsg 5e$1 §§ 45 PElcRe egflgé §terrpFocusZ

focus(temsStatus t heNane, delln) | f (('theNarre equals(check)) &&

( | bet t er Focus(t e rH:}.Egcusnch::o Qr%lila ﬁm‘el € se al EIQC t errpFocusI
t enpFocus?2))) re§ o) ;éﬂ gent)kno ggX E é y)bl JdC synchronl zed
bool ean priority nAentStatus 45 tenp Status Strln theName, String

delim { S0 ng req&ésfHIG s=CoRi@aBtPSt- éﬁﬁ%ymf:tharre delim; int index
= tenpSt at us. naLMeAsEThidist ndet Pk dhagk IR cegigh )+

t heNane. | engt ho) + deliﬂ’n(l'mwgtch@en’e dquals (IGNORE_OPTION))
String userResponse = unexplain(msg. content),
15 Interpretation interpretation;
if (!knownAgents.containsKey(userResponse) )
if {((interpretation = interpretIt(userResponse,
userResponse.tolLowerCase().trim(), msg)) != null)
userResponse = interpretation.result;
20 else
System.out.println ("WARNING! [" + name + "]:
Wrong user input: " + msg.content);
learn(tempStatus, userResponse, EMPTY_ STRING);
for (Enumeration agents = knownAgents.elements():
25 agents.hasMoreElements({); ) {
agent = (Agent)agents.nextElement();
sendMessage ( agent, UN_LEARN,
tempStatus .message.content, EMPTY STRING,
tempStatus.message.replyWith,
30 EMPTY_STRING);

}
perform{tempStatus.message, sender, !OPTIMISE);
}

}
35 )

public synchronized void route (AgentMessage msg) {
if (problems.containsKey(msg.replyWith})
tempStatus = new
40 DAgentStatus((AgentStatus)problems.get (msg.replyWith));
processOtherMessages (msg) ;
if (msg.performative.equals(ADVERTISE)) {
receivedAdvertise();
return ;
45 } else
if (msg.perfermative.equals(UN_ADVERTISE)) {
receivedUnAdvertise();
return ;
} else
50 if ({(msg.performative.equals(THIS_IS_YOURS)) ||
{msg. performatlve equals(RESTORE)) 11
{msg. performatlve equals (COMMIT)) ||
{msg.performative.equals (IS_THIS YOURS))) &&
(!tagged (msg.inReplyTo, THIS IS_YOURS, name)) && //
55 Deadlock prevention
(!tagged(msg.inReplyTo, RESTORE, name))} &&
{{tagged (msg.inReplyTo, IS_THIS YOURS, name))) {
receivedInterpretationRequest(};
return;
60 } else
if (msg.performative.equals (NOT_MINE)) |{
receivedNotMine();



Strin riot = tenpStatus. not M neAgentLi st. substring(index, 50
gp np g g
t enpSt at us. gent Li st . i ndexOf (NUMBERDELI M TER, i ndex) PCTVUSOAIIMEX2 =
30 s
ot.Teng

i ndex + pri ho}; if ((tenpStatus.notM neAgentlList.indexOf(tag
(request Focus, NUMBERDELI M TER)) == index2) && (checkFocuses tenpStat us,
theNanme, delim priot))) 55 return true; else if

(priot.equal s(Integer.toString(tenpStatus. maxPriority))){ if
((recency. cont ai nskey(theNane)) i1l 60

(recency. cont ai nsKey(tenpSt at us. maxPri or+8yAgent Nane))) if
(greater O Equal Recency(theNane, tenpStatus. maxPriorityAgent Nane)) - 80-
return true; else retutecdratse; return true; } 5 return fal se; )

public synchroni zed 6&it&e di ssati sfaction g)( 10
processl t (nsg. cont ert) ;i Bt rﬁﬂﬁ@‘;ﬁgﬁggﬁ‘g& mﬁ%gg [Igyso; String
guestion = EMPTYSTRI NGrededirednime (J:ndex = 1; Cat~. hasMoreEl ements();

i ndex++){ String tenp Eeqgn;

(string)expl anat | onsnfﬁéiig(. LEEA G Ot ElRRIANQO) ; i f
(question.indexO (t enpeceivpLeptasi; on = question + tenp + OPTI ON- SEPARATOR;
t enpSt at us Shew Age}ntg%‘ea‘m&s( new Agent Message(nsg),

if (msg.performative.equals (UN_LEARN) } {
receivedUnLearn():;
return;
15 } else
if ({msg.performative.equals(DISSATISFIED)) &&
(1tagged (msg.inReplyTo, DISSATISFIED, name)) &&
(!problems.containsKey (msg.replyWith)) ) {
nsg.inReplyTo += tag(name, DISSATISFIED);
20 receivedDissatisfied():
return;
} else
if (msg.performative.equals{FORGET PROBLEM) } {
if ((problems.containsKey(msg.replyWith)) &&

25 (tempStatus.message.content.equals {msg.content) )}
receivedForgetProblem{) ;
return;
} else
if {(msg.performative.equals(USER_RESPONSE}} {
30 receivedUserResponse();
return;
}
}
35

//*************************
//Title: AROSA3

40 package AROSA3;
public interface AAOSAConstants {

//standard AAROSA Performatives
static final String REGISTER = "}";

45 static final String ADVERTISE = "§";
static final String UN_ADVERTISE = "@";
static final String THIS_IS_YOURS n=;
static final String IS_THIS_YOURS "av;
statiec final String COMMIT = "!";

50 static 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 = "&";
static final String UN_LEARN = "~";
static final String FORGET_PROBLEM = ":";

(L]

static final String USER_RESPONSE = ">";
60 static final String ASK OPTIONS FROM USER = "*";
static final String ASK NUMBER_FROM USER = "$";



20 EMPTYSTRING new Agent Message(| ast Message), 0,7 EMPTYSTRI NG

EMPTYSTRI N TRING ; if (!problens.containsKey(nsg.re

probl ens. p&?%-gglgpl yWth, tenpStatus) ; 25 Bk¥){‘ls54))3)377
sendMessage( (Agent) knovvnAgent s. get (MenuAgent . i nst ance. nane), ASK OPTI ONS
FROM USER, question + | GNOREOPTI ON + OPTI ON_SEPARATOR, nsg.i nRepl yTo,

neg. repl yWth, 30 nsg.language); | public synchronized void

recei vedAdverti seof { / Agent wants to tell ne it can handl e questions

concerning content. 35 Agent sender =g@gAgent)knownAgents. get (nsg. sender)-

if (!getCommunity(nsg.content.tolLowerCase().trino0).equal s(EMPTY ST RING))
{ Vector agents #/Hdknt specific performatlves
( Vect or) conmuni tls%%ti@eg ’rﬁgs eRECVER Wd [ €rs'e0) . tri no) ;

agent s. addEl ementtSBRderaT; oy cﬁg Shode e.c.f“@iﬁagents = new Vector() :

comuni ti es.%ut ( Bsgtzcconimt stﬂjn@vmn@ase()Jutu no, 45 agents) ;
agent s. addEl enen€ %‘éﬁd?% )SPéa‘FJn‘éﬁ- %fEXACTMATCH +

msg. cont ent . t oLoget s 6Lt tmg,kﬁfwcz@sm Wi glayer Case() . trino); 50
if (!nmsg.ont ol ogyteduak{EMPIMSIRT®) 3 T[] '";

expl anat i o put E@t“g §Hta«% Et cﬁgoﬁﬂ?ﬁ?ﬂs&ﬂ,%':’“m msg. ont ol ogy); el se

expl anat i ons. put Easg.cc eiilagn €. D

static final String UNPAUSE = "' (('";
static final String PLAY = "'=>'"w;
15 static final String RECORD = "'<>'";
static final String START TIME DATE = "'st'";
static final String TIME DATE = "'td'";
static final String CLEAR TEXT = "'ct'";
static final String REMOVE WINDOW = "'rw'";
20 static final String ADD_WINDOW = "'aw'";

//internal performatives
static final String EXACT MATCH = "=";

25 //Menu Constants
static final String IGNORE_OPTION = "Ignore it";

//Handy Constants
static final int SLEEP_DURATION = 100; // In miliseconds
30 static final int MAX NUMBER_IN . REQUEST = 9999;
static final String EMPTY_ STRING = "";
static final String NUMBER DELIMITER
static final String OPTION SEPARATOR
static final int NONE = -1;
35 static final boolean OPTIMISE = true;
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55 nsg. content.toLowerCase().trim()); ) public synchronized void

recei vedUnAc\ggrg%&g{){ /1 Agent wants ne to renove it froPCT/H899/13377
comunity. 6 Agent sender = (Agent)knownAgents. get (nsg. sender) ;

-81- if (igetCommunity(nsg.content.tolLowerCaseo).trim)o).equal s(EMPTYST
RING) { Vector agents =5
(Vector)connmunities.get(nsg.content.tolLowerCaseC).trim)
agents. renoveEl enent (sender) ; if (agents.size) ==
conmruni ti es. renove(nsg. content.tolLowercas@fy.trino0) ; } 10 i f

(expl anati ons. cont ai nsKey(nsg. content.toLower Case (.trinp))

expl anati ons. renove(nsg. content .t oLOWAPRENDIXTE ri m 0); 15 public
synchroni zed voi d recei vedl nt er pr et Seniple/TedtdmputAdedt / /| Agent says this item
is mine and | shoul d process and Gopyrighs € 1998y Bpbsk Helk ng whet her this itemis
mne or not. Agent sender = {Agent) kndRmingEerpyatiget (msg- sender) ; Agent
agent; 20 5 I f (probl ens. contai nskeyl nsg.replyWth)) if

(!'tagged(nsg. i nReaTsTD APAEIBTYSTRING, COM T)){ if (tenpStatus. processed) (

t enpSt at us. nessage =, new. n sage(nsg); if

((msg. performati%ﬁéa aﬁgfﬁ]%[é’%%\%(OJRS)) Il 25

(msg. performapi ve. equal s( Dl SSATI SFI ED))) processedlitem =

processl| t (msg. copimant )clasdTentidpptideny| ektends aARASAdgert{em

‘static final String MY _NAME = "TextInput';

15 static TextInputAgent instance = null; //singleton
public TextField textFieldl; //passed on by caller!
boolean CommitIt = false;
boolean NotSatisfied = false;

20 long PollCount = 1;
long PauseCount = 10; //1 second
long RequestID = 1;
String prevCommand = EMPTY_ STRING;
String lastCommand = EMPTY STRING;

25
//in Singleton design pattern, used to get single instance
static public TextInputAgent Instance () {
if (instance == null) {
30 instance = new TextInputBgent (MY NAME) ;
}
return instance;
}
35 public static synchronized void register (AgentEvent e) {
if (instance == null) instance = new TextInputAgent();
if
(!instance .knownAgents.containsKey ( ( (Agent)e.getSource () ) .getNam
e())) {
40

instance.knownAgents.put ( ( (Agent)e.getSource()) .getName (),
e.getSource(});

((Agent)e.getSource()).addAgentEventLiséener(instance);
45 instance.addAgentEventListener ( (Agent)e.getSource()};

} else System.out.println("Agent " + instance.name + "
did not register " + ({Agent)e.getSource()).getName());

}
50 public TextInputAgent() { name = MY_NAME;}
public TextInputAgent (String Name) {super (Name);}

public synchronized void initializations(} {



else if (msg.performative. equal S(RESTORE)) processedltem =

unProcessli| ggontent); 30 el se procegs9gdobsRTT
nsg. cont ent. toLower Case().tri no0; processAnswers(sender, tenpStatus, nsgQ);
return; else problems. renmove(nsg. replyWth); 35 el se {

tenpSt at us. nessage. i nRepl yTo += COWM T, if

({msg. performative. equal s(TH SI SYOURS)) 11 _

(msg. performati ve. equal s( Dl SSATI SFI ED))) processedltem =
processlt(msg.content);//Normally 40 shBtd not change item else if
(nmsg. performative. equal S(RESTORE) ) processedltem =

unProcesslt (nsg. cont afly) = RAWSAydAtBEE256 (REGEBTER, name , null , null,

nsg. cont ent . t obliwer @ade( ) Etrl no; 45 . rocessAnsvvers(sender

t enpSt at us, msg) retﬁﬂeﬁt Erfg WeBSRQgeREiv nt Messa e( nmsg) ;
perform nsg, se np E)msﬁbn‘f:ﬁ,lﬁ??’c?tgi hron??gﬁegégﬁltﬁr agertc

recei vedNof M i %? TVAC at39eiHs 8R0S rhi st ek (M does not belong to it.
Agent sender = (AgentyekBPidIAg cstTeQelateTy) ST ) ; 55 i f

(probl ens. cont ai nsKeygnvsganrdphgantt insrhncd . register(e) ;
('tagged(terrpSt at us. iMerupganst inqtgnae - rPIEE B, isender . nane))
t enpSt at usCnot Ivl neAge?’l’PEFs’tn"r‘lTle‘ﬁﬁﬁ%F& not M neAgent Li st +

t ag(sender. name; NOTM NE); 60 el se (
public synchronized void processOtherMessages (AgentMessage
msg) {
15 if (msg.performative.equals (CLEAR_TEXT)) {

textFieldl.setText (EMPTY_STRING) ;
prevCommand = EMPTY_ STRING;
CommitIt = false;

NotSatisfied = false;

20 RequestID++; .
}
}
public synchronized void receivedMine () { // agent says
25 this item may belong to it or agent says this item does belong
to it.

CommitIt = false;
NotSatisfied = false;

RequestID++;
30
void textFieldl keyReleased (KeyEvent e) {
PollCount = 1;
if ({!textFieldl.getText () .equals (EMPTY_ STRING)) &&
35 (((e.getKeyCode() == e.VK_ENTER) || // User wants job done

"now!"
(textFieldl.getText ()} .toLowerCase () .trim() . index0Of ("do
it") > NONE) ||

40 (textFieldl.getText () .toLowerCase() .trim() .indexOf ("come on") >
NONE) ||

{textFieldl.getText () .toLowerCase () .trim() . indexOf ("hurry up") >
NONE) ) )) //User expressing dissatisfaction
45 CommitIt = true;
else if (e.getKeyCode() == e.VK_ESCAPE) //User
expressing dissatisfaction
NotSatisfied = true;
}

public synchronized void polling() { :
if ((!textFieldl.getText () .equals(prevCommand)) && I
(1textFieldl.getText () .trim() .equals (EMPTY_STRING)) && |
((PollCount++ % PauseCount) == 0) }{//send

50

55 it



-82- int tenp = tenpStatus.interpretations.indexof(tag(sender.nane,

| T-1 SM NE)) § bjsb¥d; F equest Focus = 5 PCT/US99/13377
tenpStatus.interpretations.substring(tenp + sender.nane.length() + 2 *

| TI SM NE. | engt ho, tenpStatus.interpretations.indexO( NUVBERDELI M TER,
temp));--- insertQutconme(l TISMNE, priority, requestFocus); 10
processAnswer s(sender, tenpStatus, ns-g); ) else
Systemout.printIn("WARNING [" + nanme + "1. A Not-Mne! received from" +

sender.name + " for an unknown problem ™“%t-nsg.content + ":" + 15
nmsg. replyWth); public synchronized bool ean betterFocus(String newFocus,
String ol dFocus) ( 20 iseturn ((newFocus. |l ength() < ol dFocus. | engt h())

&& ((newFocus. equiedxsFENIET YoeBTRAUING) JolioweXGaisd Foduim () ndede@Pf flamBobus) > NONET)
25 public synchr8#8ed bool ean eEuaI Fo us(Str| ng newkFocus, String

?Lﬂgﬁﬁgiﬁg 'rﬁ exgﬁﬁ&fm :’;‘%ﬁami, %gggjg%?%@eme) lqgo%mevw:ocus)

== NONE)) ) publ gﬁp«;&yggx&mm Zed void cleanList(String theNarre ){ 35 i nt
i ndex = tenpStatus. not M neAgeatifi st.i ndexOf (tag(theNane, ITIS MNE)); if
Ti ndex == NONE) il fiebeskFieldd pgeSTests - m@mmg@ntts#s@ #mﬁ"@ﬁag( "t h&Nane,
MAYBEM NE) ) ; 120 MOSE)n{ljnd2 = | +

(textFieldl.getText () .toLowerCage () -trim{) . indexOf ("one more
time") > NONE) ||

15 (textFieldl.getText () .toLowerCase () .trim() .indexOf (*once more")
> NONE))
sendMessage (
(Agent) knownAgents.get (InputAgent.ingtance.name), THIS_IS_YOURS,
lastCommand, tag(name, THIS_IS_YOURS), '#" + (RequestID - 1},
20 EMPTY_ STRING);
else if
{textFieldl.getText () .toLowerCase () .trim() . indexOf ("syne") >
NONE) {
Test.TVVCR.sync() ;
25 Test.TVVCR.execute ("V",
Test ,volumelLevel.intValue()) ;
if (Test.soundStatus == false)
Test.TVVCR.execute ("V0", -1);
Test .TVVCR.execute ("CL",
30 Test.colorLevel.intValue());
Test .TVVCR.execute ("CT",
Test ,volumeLevel .intValue());
Test.TVVCR.execute ("BY,
Test .brightnessgLevel . intValue()) ;
35 Test.TVVCR.execute ("C",

Test .channelNumber.intValue()) ;
textFieldl.SetText(EMPTY;STRING);
prevCommand = EMPTY_ STRING;

CommitIt = false;

40 NotSatisfied = false;
RequestlID++;
} else {
prevCommand = textFieldl.getText();

lastCommand = prevCommand;
45 sendMessage (
{Agent) knownAgents.get (InputAgent.ingtance.name}, THIS_IS_YOURS,
prevCommand, tag(pname, THIS_ IS _YOURS), "#" + RequestID,
EMPTY_STRING) ;

}
50 } else
if (CommitIt) {
if (ltextFieldl.getText () .equals (prevCommand)} //if
not sent before
sendMessage {
55 (Agent)knownAgents.get (InputAgent.instance.name}, THIS_IS YOURS,



t enpSt at us. not M neAgent Li st . i ndexof (NUVBER DELI M TER,

tenpStatu eAgent Li st.i ndexOf (NUMBER DELI M TER, i ndegewp SM%%R
DELI M TER. eng [1d("WAS!'" + tenpSt at us. not M neAgent L| st)
t enpSt at us. not M neAgent Li st =- tenpStatus.notM neAgent Li st. subst-ring(0,

i ndex) + tenpStatus. not M neAgentList.substring(ind2,

t enpSt at us. not M neAgent Li st. | engt ho)); 50 t enpSt at us. not M neAgent Li st =

t enpSt at us. not M neAgent Li st + tag(theNane, NOT M NE); //d("BECAVE'" +

t enpSt at us. not M neAgent Li st); 55 publie98ynchroni zed void

insertQutcome(String - tenpPerformative, int np, String requestFocus)(

Agent sender zettYijend)lgeererddEitag@eineSHISENSI&OPRS) ,| F#v 4+ RequestID

((terrpStatus BYRTL_SBRING) 7 < rrp 11 60 ((terrpStatus mexPriority
mp) ((greater Recency(g ﬁélset'e at us. maxPriorityAgent Narme)) | |

_83- ((tengSt at us. maxPri§ )tjg&C gﬁ%@'&ﬁ‘h y(sender . nane,

t enpSt at us. maxPri ori tyAgga{

(r equest Focus.(Bgam) Bidwvanp&Sitat. gst mﬁ&ﬁ@gﬂaga)s&éncbl name) , comn-
((betterFocusgr A% ¢ tiag (namerp SOMITT , EKL an(ReqyeguIDs- 18&

(t enpSt at l@ 3@@;:?@ st. i ndexOf (tag(request Focus, NUMBERDELI M TER)) ==
NONE) ) )) ((onl yone(l) ) %s@l:?&);eg‘)& {( bett er Focus(request Focus,

t enpSt at us. naxLanguage atisfied = falsq;
textFieldl.setText (lastCommand) ;
textFieldl.selectall ();
15 prevCommand = lastCommand;
textFieldl.validate() ;
sendMessage (
(Agent) knownAgents.get (InputAgent . instance .name) , RESTORE,

lastCommand, tag(name, RESTORE), "#" + (RequestID - 1),
20 EMPTY _STRING) ;

sendMessage (

(Agent) knownAgents.get (InputAgent . instance.name) , DISSATISFIED,
lastCommand, tag(name, DISSATISFIED), "#' + RequestID,
EMPTY_STRING) ;

}

25
}




If ((tenpStatus. maxPriority >= np) && (onlyone() false) &

(' ((tenpSt atywp-goRedgii ority == np) && ((greaterRecency(sender pApgiB9o/15977
tenpStatus. maxPriorityAgentNane)) |1 ((tenpStatus.maxPriority = np) &
(equal Recency(sendernane, tenpStatus. maxPriorityAgentNane)) &&

(request Focus. equal s(tenpSt at us. maxLanguage))) ))) && 20

(bett er Focus(request Focus, tenpStatus. maxLanguage)))

cl eanLi st (tenpSt at us. maxPriorityAgent Nane); tenpStatus. not M neAgent Li st

t enpSt at us. not M neAgent Li st + 25 -93-

tag(sender. nane, tenpPerformative) + np + NUVBERDELI M TER + request Focus +
NUVBERDELI M TER; t empSt at us. maxPri or i ABPEXDIDIO 30
t enpSt at us. maxLanguage = request FSample InputReiflatonAgemtax Pri ori t yAgent Nane =
sender. name; el se tenpStatus. not I\f’?"ﬁ%ﬁfﬂt s HoMRt at us. not M neAgent Li st +
tag(sender.nage, 35 NOTM NE); publ i RIEHHEAPBAMORI String merge(String
source, String Shackabd ARGsaa2) ( 40 String tenmpResult = EMPTYSTRI NG
[1d("WAS: " +s| +":"+ s2); | f (!source. equal s(EMPTYSTRING ){ int i = 0;
while ((i < sl.|mbiitclagk Ifputigelt lesnetdso)AckBadmt { (sl.charAt (i)

rce.ch i 2.charAt (i) == rce. char At (i
e sour ce. chay it (1)L, && £52,C0AILAL () s SOWLS8 S187 AL (1))
static final int MY PRIORITY = 100;

static final String MY COMMUNITY = "Input";

static InputAgent instance = null; //singleton
15 static public InputAgent Instance () {
if (instance == null) {
instance = new InputAgent (MY NAME) ;

return instance;

20 }
public static synchronized void register (AgentEvent e) {
if (instance == null) instance = new InputRgent();
if

25 (ii?ft?nce.knownhgents.containsKey(((Agent)e.getSource()).getNam
e

instance.knownagents.put ( ( (Agent) e.getSource() ) .getName () ,
e.getSource()) ;
30
((hgent)e.getSource() ) .addAgentEventListener (instance) ;
instance.addAgentEventListener ( (Agent)e.getSource()) ;
} else System.out.println{"Agent " + instance.name + °
35 did not register " + ((Agent)e.getSource()).getName());

public InputiAgent() { name = MY NAME; priority =
MY PRIORITY;)}

40 public InputAgent (String Name) {super{(Name, MY_ PRIORITY);}

public synchronized boolean onlyOne () {
return true;

45
public synchronized void initializations() {
AgentMessage msg = new AgentMessage (REGISTER, name ,
null , null, null , null) ;
AgentEvent e = new AgentEvent (this, msg) ;

50 ActionAgent.instance.register(e) ;
TextInputAgent.instance.register (e) ;
MenulAgent.instance.register(e) ;

ProgramAgent .instance.register(e) ;
1/ learned.put (EXACT MATCH + "do",
55 ActionAgent.instance.MY COMMUNITY.toLowerCase() .trim());
//default interpretations



i ++, tenpResult += source.substring(0, i); i = source.lengtho) - 1; 50

int il = obﬁg@i () - 1, int i2 =s2.length() - 1; while pciklussorB3sr& (i2
> 0) & (sl.charAt(il) source.charAt(i)) && (s2.charAt(i2)
source.charAt(i)))( 55 i--; il--; i2--; tenpResult +=

source. substring(i + 1, source.length(); //d("BECAME " + tenpResult); 60
return tenpResult; } -84- public synchronized void receivedM ne() (

/'l agent says this itemnmay belong to it or agent says this item does

belong to it. Agent sender = (Agent)kne@dAgents. get(nsg.sender) ; 5 int-

tenp; String requestFocus; if (problens.containsKey(nsg.replyWth))l if
((!'tagged(tenpSt at us. narided Y€ PdogSdmmindt SM NE, nsg. sender)) && 10

(!t agged(t enpStragrmrgattiVinevagen tNy_COMMUNBYBELLMIErCasg(isenteid) }){ int mp =
| nt eger . val ueof ( nsg. oktarnedputiltachefeled, Stri ng te Performative; if
(!tagged(t?mﬁagwpﬂ;ergg g&@ i MF%"I@ epsasslngEt™ Hare) ) (

request Focus

b5 .
ir@%a&waﬂséidcz.Einje:@m&&p.rtmwe@awmkﬂMY?EM NE) )

super.initializations();

}

}
10



tenpPerformative = MAYBE M NE; el se terererformati\'/e =1TIS MNE;, 20

} el se{ tenpgglbgsmpti ve ITISMNE, np = priority; tenp =PCT/US/13377
tenpStatus.interpretations.indexO(tag(sender.nane, 25 IT IS MNE));
request Focus = tenpstatus.interpretations.substring(tenp +
sender.nane.length() + 2 * IT IS M NE. | engt ho,
tenpStatus.interpretations.indexON(NUMBER DELI M TER, tenp)); 30

i f (!request Focus. equal s(nmsg. | anguage)) if _((tenp =

request Focus. i ndexof (msg. | anguage)) > NONBP~r equest Focus =

request Focus. substring(O tenp) + requestFocus. substring(tenp +

msg. | anguage. | engt hoU, 35 request Focuﬁ‘l’EbTHQEWO) else if ((temp =

neg. | anguage. i ndexCf (r equest Focus) 2221 :‘“-‘_‘“—_ sESt Focus = msg. | anguage.
substring (0, tenp) + msg.|anguager WS LT S0P request Focus. | engt ho,
40 nsg. | anguage. length()); else if (I request ocus. equal s(nsg. | anguage))
request Focus rgycg@égmgosmment, request Focus, nsg. | anguage); 45

i nser t out coneCt enpPerformative, np, request Focus) , processAnswer s(sender,
t enpSt at us, rrsg)lmperééava -awt.*;

sendMessage({ Ag %ﬁﬁ?ﬁ%ﬁg% g npsSt at us. message. sender), MAYBEM NE,
neg. cont ent ‘{@Be&%ﬁ%p = %}G’S neg. repl ywt h,

nsg. | anguage, t%mSiéltdlﬁséTﬁWE’éﬁ\ﬁEbﬁ ¥kteddseh@akymt €m out . pri nt | n(" WARNI NG
[" + name + "]: A

static TVActuator instance = null;
15 static final String MY NAME = "TVActuator';
Panel TV = new Panel();
Jcslider Volume = new JCSlider();
JCSlider Lights = new JCSlider();
JCSlider Brightness = new JCSlider(};
20 JCSlider Contrast = new JCSlider();
JcSlider Color = new JCSlider();
JCCheckbox SoundOff = new JCCheckbox();
JCCheckbox LightsOn = new JCCheckbox() ;
JCCheckbox PowerOn = new JCCheckbox() ;
25 XYlayout xYLayoutl = new XYLayout() ;
Label tvchannellabel = new Label();
Label vcrFunctionLabel = new Label () ;
Label vcrPauselabel = new Label();
Label vcrChannellabel = new Label();
30 Label dvdFunctionLabel = new Label ();
Label dvdPauseLabel = new Label() ;
Label windowChannellabel = new Label{();
jclass.bwt.JCSeparator jCSeparatorl = new
jclass.bwt.JCSeparator () ;

35 jclags.bwt.JCSeparator jCSeparator2 = new

jelass .bwt ,JCSeparator () ;
jclase.bwt _JCSeparator jCSeparatorl = new

jclasse .bwt.JCSeparator () ;
jclass.bwt .JCSeparator jCSeparator4 = new

40 jclass.bwt.JCSeparator(};
jclase .bwt.JCSeparator jCSeparator5S = new

jclass .bwt .JCSeparator () ;

//in Singleton design pattern, used to get single instance
45 static public TVActuator Instance () {
if (instance == null)
ingtance = new TVActuator (MY NAME) ;

return instance;

50 }
public static synchronized void register (AgentEvent e} {
if (instance == null) instance = new TVActuator();
if

55 (!instance.knownlgents.containsKey ( ( (Agent)e.getSource()) .getNam
e())) {



Maybe-M ne! or It-is-Mne! received from" + sender.nanme + " for 55 an

unknown prywglegggssi + nNBg.content + ":" + meg.repl yWth); 6@cTuspendsiT
synchroni zed void receivedLearn(){ 1/ agent says | should learn (or
unify the effect of these two requests) int index; -85- Agent sender =

(Agent ) knownAgent s. get (nsg. sender) if

(! probl ens. cont ai nsKeyfnsg. repl yWth)) tenpStatus = new Agent St at us( new
Agent Message(nmsg), EMPTY STRI NG, new Agent Message(| ast Message), O,
EMPTYSTRING 5 EMPTYSTRING EMPTYSTRIN&E- String item = nsg.content;
String processedlitem = itemtoLowerCase().trino; Interpretation
interpretation = interpretlt(item 10 processedltem nsg); String

whi chAgent = twwﬁt AgPCeB e |(Beant) f rAESpEnedl ) mw@wpt)

| ear n(t enpSt atU§EYNEF Prét ation. resul t, whi chAgent); 15

Enuner at i ong ageibenty KGAWRAEENY 5 . £l SenifoeR d8dmAgent ; for (index
1; agents. has I\)g(rgEl grrenixﬁ@and:dqdadnge}; EMWﬁEr((Aéent)e giSource()) ;
(Agent ) agent s. next El eijresitseUsystem ddvits paige: ntmgpglge'n'& ind¥ah&s\RBine + *
processed| t emdi ‘.F}‘O BEVPFISERENG (rERfientlR -gREEvrcrEd-- Baripmady) .

probl ens.r ve(msg replyWth); //renove registered problem 25 public

synchr oni zed VOl fni RC HUARANLEFT Ploake = My riddMe;a0€Nt says

try {
jbInit () ;

15 catch (Exception e) {
e.printStackTrace();
}}
public TVActuator (String Name) { super (Name) ;

try {
20 jbInit () ;

catch (Exception e) {
e.printStackTrace() ;

25
public synchronized void initializations() {
AgentMessage msg = new AgentMessage (REGISTER, name ,
null , null, null , nmull) ;
AgentEvent e = new AgentEvent (this, msg)

30 VideoAgent.instance.register(e) ;
DVDAgent . instance.register(e) ;
WindowAgent.instance.register(e) ;
PowerAgent .instance.register(e) ;
SoundAgent .ingtance.register(e) ;

35 LightsAgent .instance.register(e) ;
BrightnessAgent.instance.register(e) ;
ContrastAgent.instance.register(e) ;
ColorAgent .instance.register (e) ;
ChannelAgent .instance.register(e) ;

40 TextInputAgent .instance.register(e) ;
super.initializations() ;

}

H

public synchronized void startupDefaults () {
45 displayEverything() ;

public synchronized void displayEverything () {

if (Test.soundStatus == true)
50 SoundOff .setState (0) ;
else
SoundOff .setState (1) ;
if (Test.powerStatus == true)
PowerOn.setState (1) ;
55 else

PowexrOn.setState (0) ;



| should forget what |'ve | earned about a certain request. int index; Agent
sender = (AgwdlopkemeynAgent s. get (nsg. sender) 30 | f PCT/US99/13377
(1 ear ned. cont ai nsKey( EXACTMATCH + nsg. content.tolLowerCase().trinm))) String
item = nsg.content.tolLowerCaseo).trinC); Interpretation interpretation;

while ((interpretation = interpretlt(item item nsg)) 35 '= nul I){
Vector agents (Vector)communities.get(interpretation.result); int num=
agents.size() ; for (index = 0; index < num index++) 40 i f
(sender == (Agent)agents. el enent At (i ndexyP¥-unlearn (item; return; item=

I nterpretation.remnmai nder Request; 45 public synchronized void

recei vedDi ssatisfied{)( Volumd.betipdné (TeBt.wAywselaveDihtvaluelpls occured on a
certain request. String iti€mTesyslichbedtagus ==Stqiehg processedltem =

i tem toLower Case{}.trinp; [/ YohEsometStat®@)any conmunities under ne |

shoul d di sregard conmand %semghtsm‘si,g%ggg@mmni ties.size() == 0) &&

(interpretlt(item processrghéReeVEEE] (Test NUGhidrevsl Unbvalue ()) ;
di ssati sfaction(nsg); retWohor BE8tvalueffest.coloxrLevel.intValue());
Contrast.setValue (Test.contrastLevel.intValue()) ;

10 Brightness.setValue(Test.brightnessLevel.intValue());
tvchannelLabel.setText ("Channel " +
Test .channelNumber.toString()) ;

verFunctionLabel . gsetText ("VCR: STOP ") ;
if (Test.recordStatus == true)
15 verFunctionLabel, getText ("VCR: RECORD ") ;

if (Test.playStatus == true)
verFunctionlabel . setText ("VCR: PLAY v ;
if (Test.rewindStatus == true)
verFunctionLabel . setText ("VCR: REWIND ") ;
20 if (Test.forwardStatus == true)
verFunctionlLabel, setText (YVCR: FORWARD") ;
if (Test.pauseStatus == true)
verPauseliabel . setText ("PAUSE")
else
25 vcrPauselabel . setText (¢ ") ;
vcorChannellLabel . setText ("Channel " +
Test .videoChannelNumber. toString()) ;
if (Test.windowStatus == true)
windowChammelLabel .setText ("PIP: ON "/* 4
30 Test.windowChannelNumber.toString()*/);

e

else
windowChannelLabel.setText ("PIP: OFF ");
dvdFunctionlabel .setText ("DVD: STOP ny,;
if (Test.dvdplayStatus == true)
35 dvdFunctionLabel .setText ("DVD: PLAY ") ;
if (Test.dvdrewindStatus == true)
dvdFunctionLabel .setText ("DVD: REWIND ') ;
if (Test.dvdforwardStatus == true)
dvdFunctionLabel .setText ("DVD: FORWARD') ;
40 if (Test.dvdpauseStatus == true)
dvdPauselabel . setText ("PAUSE") ;
else
dvdPauselabel . getText (" "
}
45
pub%ic synchronized void processOtherMessages (AgentMesgage
msq)

if (msg.performative.equals (EXECUTE)) {
if (msg.content.indexOf (PowerAgent.instance.name) ==
50 o) (//pOWER
if (msg.content.indexOf (ON) ==
PowerAgent .instance .name.length()) {//ON
System.out.println ("===>Executing: POWER ON\n'");
Test .TVVCR.execute ("PW", -1);
55 } else



publ i c synchroni zed void recei vedFor get Probl en() - /I agent says |
shoul d di s{RpPsedssd certain problem problens.renove(nmsg. r eppeyii§donasr

[l renove regi stered problem 5 } pubI i ¢ synchronized void
recei vedUser Response(){ Agent sender (Agent ) knownAgent s. get (nsg. sender) ;
Agent agent; 10 I f (probl ens. cont ai nsKey(nsg.repl yWth)){

tenpSt at us = new Agent St at us( ( Agent St at us) probl ens. get (nsg. repl yWth)); if
(I'msg. content. equal s(1 GNORE OPTION)) { String userRResponse =

unexpl ai n(nmsg. content); 15 -P8terpretation interpretation; if
(! knownAgent s. cont ai nsKey(user Response)) if ((interpretation =

interpretlt(userResponse, ifSqnKPTRAOGER. iaddXoB(dEFseL) . trino, nsg)) !'= null)
user Response =Powrrdgentotinttange .nageLlengtR0) ) {//OFF el se

System out . println("WARN NG!SY[item%farPémth("-w%wgcqrseg iBOFER: " +

nsg. cont ent }; P’é%\\”n terrpSt azég e . TYE %‘?:B TYSTRI NG ; for
(Enuneration agents = kno BOtSR N% egg ! SedtasioreEl ement sol ;
){ agent ( Agfeg Jongedrts ; next El ement 0) sen ssag agent, UN LEARN,
enpSt at us nessage. contemtelsEI\/PTYSTRI NG t enpSt at us. nessage. repl yWth, 30

ENPTYSTRI N erfor t enpSt at us. ness sender, ! OPTI M SE 35 public
synchr oni Zg p m( gg {T[s%%%iéalét 3g§7xqff(50undhgent 1nstancg name) p——

(probl ens. cont al n /Ke&%ﬁ( 8. {#Qh¥dVbhddnt! eARI0ALMG == New

SoundAgent . instance .name.length()) {//ON
System.out.println ("===>Executing: SOUND ON\n");
15 Test .TVVCR.execute ("V0", -1);
} else
if (msg.content.indexOf (OFF) ==
SoundAgent .instance.name.length()) {//OFF
System.out .println ("===>Executing: SOUND
20 OFF\n");
Test.TVVCR.execute ("V0", -1);
} else
if (msg.content.indexOf (MORE) ==
SoundAgent . instance.name.length () ) {//MORE
25 System.out.println("===>Executing: SOUND
MORE\n") ;
Test .TVVCR.execute ("V", 1);
} else
if (msg.content.indexOf (LESS) ==
30 Soundhgent.instance.name.length()){//LESS
" System.out.println("===>Executing: SOUND
LESS\n") ;
Test .TVVCR.execute ("V", -1);
} else
35 if (msg.content.indexOf (JUMP) ==
Soundagent . instance.name.length()) {//JuMP
Integer jumpValue = new
Integer (msg.content.substring {msg.content. index0Of (JUMP) +
JUMP.length(), msg.content.length()));
40 System.out.println("===>Executing: SOUND JUMP TO
' + jumpValue.toString() + "\n");
Test .TVVCR.execute ("V",
Test.volumeLevel.intValue() -
Test .previousVolumeLevel.intValue());
45 } else d("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("===>Executing: LIGHTS
OoN\n") ;
55 } else



40 Agent St at us( (Agent St at us) probl ens. get (nsg. repl yWth));
processQ herywpsss@ss(nsg); if (nsg. performative. equal s( ADVERECHES99/13377

recei vedAdvertise 0; return ; 45 '} else if
(msg. perf Q@ mati ve. equal s(UNADVERTI SE)) | recei vedUnAdvertiseoO; return ; |
el se 50 if (((nsg.performative.equals(THIS IS YOURS)) |1

(msg. performative. equal s(RESTORE)) 11 (nsg. performative.equal s(COWMT)) ||
(msg. performative. equal s(I'S THI S-YOURS))) && (!tagged(nsg.inReplyTo,

THI SI SYOURS, nane)) && / 55 Deadl ock pre®8ntion (!tagged(nsg.inReplyTo,
RESTORE, nane)) && (!tagged(nsg.inReplyTo, IS TH'S YOURS, nane)))

recei vedl nterpretati onRequest ((megrehuent. ifdexof (OFF) 3= el se if

(msg. per f or mat i VidgbtRglent NGFIINE) nameetesior Y AFFe () ; -87- return; else
if ((msg. perfor aLlve equal s (NEYBEONRBIIRELY ("ereEx SRt Be n3EF¥ES equal s(1 TI' S
MNE))) 5 r'dcei veejil\glggo) return; | else

if (msg.content.index0Of (MORE) ==
LighteAgent.instance .name.length () ) {//MORE
System,out.println{"===>Executing: LIGHTS
MORE\n") ;
10 } else
if (meg.content.indexOf (LESS) ==
LightsAgent.instance.name.length()) {//LESS
System.out .printin{’===>Executing: LIGHTS
LESS\n") ;
15 } else
if (msg.content.indexOf (JUMP) ==
LightsAgent.instance.name.length{()) {//JUMP
Integer jumpValue = new
Integer(msg content. substring (msg.content ., indexOf (JUMP) +
20 JuMP.length(), msg.content.length{()));
System.out.println("===>Executing: LIGHTS JUMP
TO * + jumpValue.toString() + "\n"); .
} else A("WARNING! Wrong message content: " +
nsg.content) ;
25 } else

if (msg.content.indexOf (ColorAgent.instance.name) ==
0) {//COLOR
if (msg.content.indexOf (MORE) ==
30 ColorAgent.instance.name.length()) {//MORE
System.out.println("===x>Executing: COLOR
MORE\n") ;
Test.TVVCR.execute ("CLY, 1) ;
} else
35 if (msg.content.indexOf (LESS) ==
ColorAgent . instance .name.length()) {//LESS
System.out.println("==+>Executing: COLOR
LESS\n") ;
Test.TVVCR.execute ("CL", -1);
40 } else
if (msg.content.indexOf (JUMP) ==
ColorAgent .instance.name.length()) {//JUMP
Integer jumpValue = new
Integer (msg.content. substring (mgg.content . index0f (JUMP) +
45 JUMP.length(), msg.content.length()});
System.out .println(”===>Executing: COLOR JUMP TO
* 4+ jumpValue.toString() + "\n");
Test.TVVCR. execute ("CL",
Test.colorLevel.intValue () ~-Test.previousColorlevel .intValue()) ;
50 } else A("WARNING! Wrong message content: " +
mgg . content) ;
} else

if (msg.content.indexOf (ContrastAgent.instance .name)
55 == 0) {//CONTRAST



I f (nmeg. performative. equal S(LEARN))t receivedLearnoO; 10 return; |
else if ( %glor mat i ve. equal s(UN_LEARN) ) 3 recei vedUnLeagdgseoigimr n; 15
| else i f%nsg. performative. equal s(DI SSATI SFI ED)) &&

(Itagged(nsg. i nRepl yTo, DI SSATI SFI ED, nane)) &&

(1 probl ens. cont ai nsKey(nsg.replyWth)))f nsg.inReplyTo += tag(nane,

DI SSATI SFI ED) ; 20 recei vedDi ssatisfiedol; return; else if

(nmeg. performative. equal s( FORGETPROBLEM ) ( i f

((probl ens. cont ai nsKey(nsg. repl ywi t h) >188-25

(tenpSt at us. nessage. cont ent . equal s(nsg. content))) receivedrorgetProblem);

return; else if (nsg. perfigr nadg.¢ontsyad iaekSEMoRBSRONSE) ) ( 30
r ecei vedUser Respoastgent rigstante . haBh 1éngthi(F F{/AYMORE: * * * x x xkxxxkxkxx [ [Tjt] @;

AACSA3 40  pac éR%QS.- AACBAS; SPRS: eut -BE EY1AE b-mABKIRUs Ha] ‘o RONTHAST I |

5 Test .TVVCR.execute ("CT*, -1);
} else
if (msg.content.indexOf (LESS) ==
ContrastAgent.instance.name.length()) {//LESS
System.ocut.println("===>Executing: CONTRAST
10 LESS\n");
Test .TVVCR.execute ("CT", -1);
} else
if (meg.content.indexOf (JUMP) ==
ContrastAgent.instance.name.length(}) {//JUMp
15 Integer jumpValue = new
Integer (msg.content.substring (meg.content . indexOf (JUMP) +
JUMP.length{), msg.content.length()));

System.out.println("===>Executing: CONTRAST JUMP
TO ' + jumpValue.toString() + "\n");
20 Test .TVVCR.execute ("CT",

Test .volumelevel.intValue() -
Tesgt .previousVolumeLevel.intValue()) ;

} else A("WARNING! Wrong message content: " +
msg.content) ;
25 } else
if
(msg . content . indexOf (BrightnessAgent . instance.name) == 0)
{//BRIGHTNESS
30 if (msg.content.indexOf (MORE) ==
BrightnessAgent.instance.name.length()) {//MORE
System.out .println("===>Executing: BRIGHTNESS
MORE\n") ;

Test .TVVCR.execute ("B", 1);
35 } else
if (msg.content.indexOf (LESS) ==
BrightnessAgent.instance.name.length(}) {//LESS

System.out.println("===>Executing: BRIGHTNESS
LESS\n") ;
40 Test .TVVCR.execute ("B", -1);
} else

if (msg.content.indexOf (JUMP) ==
BrightnessAgent.instance.name.length()) {//JUMP
Integer jumpValue = new
45 1Integer (msg.content.substring(msg.content.indexOf (JUMP) +
JUMP.length(), msg.content.length()});
System.out.println("===>Executing: BRIGHTNESS
JUMP TO " + jumpValue.toString() + *\n");
Test .TVVCR.execute ("B",
50 Test.brightnesslevel.intValue() -
Test .previousBrightnessLevel.intValue());
} else d("WARNING! Wrong message content: " +
msg.content) ;
} else
55




-88- "/l Agent specific performatives: [err] //internal performatives static

final Strinogwle¥ofgdssdATCH = " 25 /1 Menu Constants static PCTas%aBsi7Ng
| GNOREOPTION = "lgnore it"; //Handy Constants static final int SLEEP
DURATION = 100; // In mliseconds 30 static final int MAX NUMBER

| N- REQUEST 9999; static final String EMPTY STRING = ""; static final
String NUMBER DELI M TER = static final String OPTI ON SEPARATOR = [err]
static final int NONE = -I; 35 static final boolean OPTIM SE = true;

-89- APPENDI X || Sanple Text Input Afent~X®byright.[err] 1998 by

BabakHodj at and Dejina Corporation 5 package AAGCSA3; inport
java.awt.event.*; inport ji&va.aw.*; 10 public class Text] nput Agent ext ends
AACSAAgent { st at [®e8gf %PHSthfi fWMEB““AM& I‘?&ﬁi‘f“’e ngme) ==gs@ati c

Text | nput Agent i Hdt'a s Ihlﬂfl B gé £L98, lé Text Field textFieldl;
/I passed on by c.pglle@{smggggng jﬁfb g@{gean Not Sati sfied =
fal se; System. out . prlntln "===>Execut1ng TELEVISION
CHANNEL NEXT\n");
Test.TVVCR. execute("C"
Test .channelNumber.intValue()) ;
10 } elge
if (msg.content.indexOf (LESS) ==
TelevisionAgent .instance.name.length()) {//LESS
System.out.println ("===>Executing: TELEVISION
CHANNEL PREVIOUS\n');
15 Test.TVVCR.execute ("C",
Test .channelNumber.intValue()};
} else
if (msg.content.indexOf (JUMP) ==
TelevisionAgent.instance . name.length{()) {//JuMP
20 Integer jumpValue = new
Integer (msg.content . substring (meg.content . indexOf (JUMP) +
JUMP. length (), msg.content.length()));
System.out .println ("===>Executing: TELEVISION
CHANNEL JUMP TO " + jumpValue.toString() + "\n"};
25 Test .TVVCR.execute ("C",
Test .channelNumber.intValue()) ;
} else A("WARNING! Wrong message content: " +

meg .content) ;

} else
30
if (msg.content.indexOf (VideoAgent.instance.name) ==
0) {//VIDEO
if (meg.content.indexOf (RECORD) ==
VideoAgent.instance.name.length()) {//RECORD
35 System.out.println ("===>Executing: VIDEO

RECORD\n") ;
Tegt .TVVCR.execute ("R, -1);
} else
if (msg.content.indexOf (PLAY) ==
40 VideoAgent.instance.name,length()) (//PLAY

System.out.println("===>Executing: VIDEO
PLAY\n") ;

Test.TVVCR.execute ("PL", -~1);

} else
45 if (msg.content.indexOf (PAUSE) ==

VideoAgent .instance.name.length()) {//PAUSE

System.out .println ("===>Executing: VIDEO
PRUSE\n") ;

Test .TVVCR.execute ("P", -1);
50 } else
if (meg.content.indexOf (UNPAUSE) ==
VideoAgent .instance.name.length () ) {//UNPAUSE
System.out.println ("===>Executing: VIDEO
UNPAUSE\n") ;
55 verPauseLabel . setText (" ") ;
Test .TVVCR.execute ("S", -1);



20 | ong Pol | Count = 1; |ong PauseCount = 10; //1 second | ong Request|D =

1; String Wo9yeesgiand = EMPTYSTRING String |ast Command = Eéflodmahs 25_

/1in Singleton design pattern, used to get single instance static.public

Text I nput Agent Instance(){ if (instance == null) { 30
I nstance = new Text | nput Agent (MYNAME) ; } return instance; } 35 public
static synchronized void register(AgentEvent e) { if (instance == null)

i nstance = new Text |l nput Agento; if (!instance .knownAgents
cont ai neKey(( (Agent) e. get Sourceo) .getNe®2e0)) { 40

I nstance. knownAgent s. put (( (Agent) e. get Sour ceo) .get Naneo0O, e.getSource 0);

((Agent)e. get Source 0).adliAgeet Event Li st ener (i nstance); 45
i nst ance. addA%ent Event Lj s@énwg(%mgéngﬂ(@dﬁfr@eo@ ;) else
System out . pri ﬁf’??f’(qemAg‘é‘ﬁFa"q:{__W% ?%ﬁféélh%pfé'rqp did not register " +
((Agent)e. get S98pGH9) - get NEFEED e 1P gt in Usaprxecyuipgr niRE8gent () { nane
MYNAME; } public Text [ nput Ages(sivibRthde 1B Te24I00ER NaB) ;) wpubl i C
synchroni zed void initiali ZeistOrWICR. §xecute @@+, rag; = new
Agent Message( REG STER, nanefestqINVCR,exeghte ("C,

Test .channelNumber.intValue()) ;

10 } else
if (msg.content.indexOf (REWIND) ==
VideoAgent.instance.name.length()) {//REWIND

System.out.println("===>Executing: VIDEO
REWIND\n") ;
15 Test.TVVCR.execute ("RW", -1);
} else

if (msg.content.indexOf (FORWARD) ==
VideoAgent.instance.name.length()) {//FORWARD
System.out.println("===>Executing: VIDEO
20 FORWARD\n") ;
Test.TVVCR.execute ("F", -1);
} else
if (mseg.content.indexOf (MORE) ==
VideoAgent.instance.name.length()) {//MORE
25 System.out.println("===>Executing: VIDEO CHANNEL
NEXT\n") ;
Test .TVVCR.execute ("CV",
Test.videoChannelNumber. intValue()) ;
} else
30 if (msg.content.indexOf (LESS) ==
VideoAgent.instance.name.length()) {//LESS
System.out.println("===>Executing: VIDEQ CHANNEL
PREVIOUS\n") ;
Test .TVVCR.execute ("Cv",
35 Test.videoChannelNumber.intValue());
} else
if (msg.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 ("===>Executing: VIDEC CHANNEL
JUMP TO " + jumpValue.toString() + "\n");
Test.TVVCR.execute ("CV",
45 Test.videoChannelNumber.intValue());
} else A("WARNING! Wrong message content: " +
msg.content) ;
} else

50 if (msg.content.indexOf (WindowAgent.instance.name)
== 0) {//WINDOW
if (msg.content,indexOf (ADD WINDOW) ==
WindowAgent .instance.name.length()){//ADD
System.out.println("===>Executing: WINDOW
55 ADD\n");
Test .TVVCR.pipDisplay(true) ;




null , null) ; AgentEvent e = new AgentEvent(this, nsg)

| nput Agent . i b96¥381. regi ster(e) ; // register agent 5 w th ROTURINIINT
TVActuator.instance.register(e); textFieldl.setText( EMPTYSTRI NG ;
ProgramAddAgent . i nst ance. regi ster(e) MenuAgent.instance.register(e) 10
super.initializationso); public synchronized void

processQ her Messages(Agent Message msg) f 15 | f

(msg. performative. equal s( CLEAR TEXT)){ text Fi el dl . set Text ( EI\/PTY STRI NG) ;
prevCommand = EMPTYSTRING Conmitlt = fal8é~ NotSatisfied = fal se; 20
Request | D++; public synchroni zed voi d recei vedM neo() // agent says 25
this itemmy belong to it blelagent says th| S item does belong to it.

Conmitlt = fal se; tSatlsf‘rfe““!gF - WEPOW) == "y oj d
textFiel d keyRELY rﬁeﬁf g _ cuu o

((!textFiel dis. gekdsEhb)); equal % ?(’e. get &eyCode() ==
e. VKENTER) || /User want’s Joh'ed@mvtm@\ﬂbmsplay(false),
(textFieldl.getText(). toLo}r\erlé:ase() trin) |ndex0‘(("do it") > NONE) || 40

(text Fi el dl . get Text toLovaéfr % ‘ternlt;g;e @QH(e“corre on") > NO\IE) 1
(textFieldl . %etT'M 9?’516 (v--=>§e(c(z"h“”¥xﬂ'b8w

CHANNEL NEXT\n")
Test . TVVCR.pipChannelNext () ;
} else
if (msg.content.indexOf (LESS) ==
15 WindowAgent.instance.name.length()) {//LESS
System.out.println("===>Executing: WINDOW
CHANNEL PREVIOUS\n") ;
Test .TVVCR.pipChannelPrev() ;
} else
20 if (msg.content.indexOf (JUMP) ==
WindowAgent . instance.name.length()) {//JuMP
Integer jumpValue = new
Integer (mgg.content .substring (msg.content. indexOf (JUMP) +
JUMP .length (), msg.content.length()));
25 System.out.println("===>Executing: WINDOW
CHANNEL JUMP TO " + jumpValue.toString{() + "\n");

é pri

Test .TVVCR.pipSetChannel (Test .windowChannelNumber.intValue () -Tes
t.previousWindowChannelNumber, intValue (}) ;
30 } else Ad("WARNING! Wrong message content: " +
mseg.content) ;
} else

if (msg.content.indexOf (DVDAgent.instance.name) ==
35 o) {//pvD
if (meg.content.indexOf (PLAY) ==
DVDAgent , instance .name.length()) {//PLAY
System.out.println('s==>Executing: DVD PLAY\n");
Test . TVVCR.selectDvd() ;
40 Test .TVVCR.dvdPlay () ;
} else
if (msg.content.indexOf (PAUSE) ==
DVDAgent .instance.name.length () ) {//PAUSE
System.out.println ("===>Executing: DVD
45 PAUSE\n");
Test .TVVCR.dvdPause () ;
} else
if (msg.content.indexOf (UNPAUSE) ==
DVDAgent .instance.name.length()) { //UNPAUSE
50 System,out .println("===>Executing: DVD
UNPAUSE\n") ;
dvdPauseLabel . setText (" ny .
Tegt .TVVCR.dvdPlay () ;
} else
55 if (meg.content.indexOf (STOP) ==
DVDAgent . instance .name.length{()) {//STOP



NONE) ) ) ) [l User expressing dissatisfaction 45 - Commtlt = true;

el se i f (evygbdigggiode() == e. VK ESCAPE) /[ User expressi ngpdrRsedizgfaction
Not Sati sfied = true; 50 public synchronized void polling(){ if
(('textFieldl.getText().equal s(prevCommand)) &&
('textFieldl.getText().trim).equal s(EMPTYSTRING ) && ((Poll Count ++ *
PauseCount) =- 0) ){//send 55 it -91- if
(textFieldl.getText().toLowerCaseo).trim() .indexcf("undo") > NONE)
sendMessage( 5 (Agent) knownAgent g get-@0dput Agent. i nstance. nane),
RESTORE, |ast Command, tag(nane, RESTORE), "#" + (RequestID - 1),
EMPTYSTRING) ; el se i f ( (t exsFsEEndbugekIedng ) -4-cEgy@ItTAS £ DDt $doB(Ar)i;ndexf
("again") > 10 NONE) || (té’ﬁ?‘FlTéW%R» Syéstrm{l () . t oLower Case()
-trim).indexcf(("one nore op )

| "
(Xt E) ol 0 ach T “?‘f P Rexcr (“once mre’) > NONE))
sendMessage( (Agent)knownAgents . get(?nputAgent I nst ance. nane) ,

THI SI SYOURS, | ast Command, itfagn(\mnmte*ﬁHLﬁicﬁ)(&mmND)" = + (RequestI D - 1),

20 EMPTYSTRI h@DAgemsenrsvance -name . length () ) {//REWIND
System.out.println("===>Executing: DVD
10 REWIND\n");
Test .TVVCR.dvdScanReverse () ;
} else
if (msg.content.indexOf (FORWARD) ==
DVDAgent.instance.name.length ()} {//FORWARD
15 System.out.println("===>Executing: DVD
FORWARD\n"} ;
Test .TVVCR.dvdScanForward() ;
} else
d("WARNING! Wrong message content: " +
20 msg.content);

displayEverything() ;

25 sendMessage (
(Agent) knovnAgents .get (Text InputAgent . instance .name) ,
CLEAR_TEXT, EMPTY STRING, EMPTY_ STRING, msg.replyWith
EMPTY_STRING) ;

}
30}

’

public synchronized void jbInit() throws Exception{
TV.setEnabled(false) ;
TV.setForeground (SystemColox.inactiveCaption) ;
35 TV.setLocale (new java.util.Locale("en", "GB",
EMPTY_ STRING));
TV.setLocation (new Point (50, 50));
TV.setSize (new Dimension (537, 300));
TV.setLayout (xYLayoutl) ;
40 Volume.setEnabled (false) ;
Volume.setMaximum (Test .volumeMax) ;
Volume.setMinimum(0) ;

Volume.setMaximumLabelString (Integer.toString (Test.volumeMax)) ;
45 Volume.setMinimumlLabelString ("Volume on) ;
Volume.setValue (0) ;
Lights.setEnabled(false) ;
Lights.setMaximum (Test.lightsMax) ;
Lights.setMinimum(0) ;
50
Lights.setMaximumLabelString (Integer.toString (Test . lightsMax)) ;
Lights.setMinimumLabelString ("Lights o");
Lights.setValue (0) ;
Color.setEnabled(false) ;
55 Color.setMaximum (Test.colorMax) ;
Color.setMinimum(0) ;



(textFieldl.getTexto).toLowerCase().trinC).
Test. TWCR. ay0995638D

ndexOF ({"sync") > NONE) (
Test . TVWCR. execrEx/Us8543377

Test . vol uneLevel .intVal ueo0); if (Test.soundStatus == fal se)

Test. TWCR. execute("VO', -1); Test.TVVCR execute ("CL", 30

Test.col orLevel .intValue( ); Test.TVVCR execute ("CT",

Test . vol unelLevel . i nt Val ueo0); Test. TVVCR execute("B", Test .brightnessLevel
i nt Value()); 35 Test . TWCR. execut e(" C'y,

Test. channel Nunber . i nt Val ue()); text F| el-di05set Text (EMPTYSTRI NG ;

prevCommand = EMPTYSTRI NG Conmit It = fal se;
Not Satisfied = fal se; Request| D++, el se ( prevComrand =

t ext Fi el dl . get Té%?ﬁ?" - sesMaxiy 3"”
sendMessageC ( Agent

\5(81JRS, pr evCayrmand, ﬁgmamm SEARS) |

40

g(Test colorMax)) ;

EF‘?FF}B?M:@E?rl nst ance®'Mame), THI SIS

"#" + Request|D, EMPTYSTRI NO);

} el coutichst(. GotMExt dnim)(TésY . Eontrastuax)
('textFieldl.get Tem@ﬁran;ab@*(lpm@mmmnd)) /1if not sent before
utA ent . i,nst ance. nane)

sendMessage( 55 cngé‘ ent ) knownAgent s. SI

THI SI SYOURS,; Con ast . SetMaxim e15frin teger.toString (Test . contrastMax
?
Contragt.setMinimumlabelString ("Contrast on);
Contrast.setValue(0) ;
Brightness.setEnabled(false) ;
Brightness.setMaximum{Tegt . .brightnessMax) ;
15 Brightness.setMinimum (Q) ;
Brightness.setMaximumLabelString (Integer.toString (Test.brightnes
sMax) ) ;
Brightness.setMinimumLabelString ("Brightness o");
20 Brightness.setValue {0) ;

SoundOff.setState (0) ;
LightsOn.setState (1) ;
SoundOff.setLabel ("mute®) ;
LightsOn.setLabel ("lights on"
25 PowerOn.setState (0) ;
PowerOn.setLabel (*power") ;

);

tvchannellabel.getEnabled(false) ;
tvchannellabel.setFont (new Font ("Dialog®, 0, 20));

tvchannellabel .setText ("Chann

el

");

30 vcrFunctionlLabel . setEnabled (false) ;
vcrFunctionlabel . setFont (new Font ("Dialog", 0, 20));
verFunctionLabel . setText ("VCR;
dvdFunctionlLabel.setEnabled (false) ;
dvdFunctionlabel .getFont (new Font ("Dialog", 0, 20));

35 dvdFunctionLabel .setText ("DVD:
vcrPauselabel . setEnabled(falge) ;
verPauselabel . setFont (new Font ("Dialog", 0, 20});

verPauseLabel .setText ("

") ;

");

") ;

dvdPauselabel .setEnabled(false) ;
40 dvdPauseLabel .setFont (new Font ("Dialog", 0, 20));

dvdPauselabel . setText ("

¥

vcrChannellabel . setEnabled (false) ;
verChannelLabel . setFont (new Font ("Dialog®, 0, 20));
verChannelLabel . setText ("Channel v);

45 windowChannellabel ,setBnabled (false) ;
windowChannellabel .setFont (new Font ("Dialog", ¢, 20));
windowChamnellabel .setText ("PIP: NONE vy ;
this.getSize (new Dimengion (632, 666));

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 (Sound0ff, new XYConstraints (352, 5, -1, -1});

55 TV.add (LightsOn, new XYConstraints (352, 500, -1, -1));
TV.add (PowerOn, new XYConstraints (352, 430, -1, -1));



-92- textFieldl.getTexto, tag(nane, THI S IS YOURS), "#" + Request|ID, EMPTY

STRI NG ; W,gsbgl = fal se; prevCommand = textFieldl.get TexpoDusen/13377

| ast Command prevComand; sendMessage(

(Agent) knownAgent s. get (I nput Agent . i nstance. nane), COW T, prevConmand,

tag(name, COMT), "#" + (RequestID - 1), EMPTYSTRING; 10 }

else if (NotSatisfied) { NotSatisfied = fal se;

text Fi el dl . set Text (| ast Coomand); textFieldl.selectAl(); 15

prevCommand = | ast Conmand; text Fi el dl ~id§dat e00; sendMessage(

(Agent ) knownAgent s. get (I nput Agent . i nst ance. nane), RESTORE, | ast Conmand,

tag(name, RESTOREY,.add{tvehspRelfedel| Mew AJConBOraiBPRESTRING}, sehw\/msage(

( Agent) knovvnAgentW -3 (vr Ag@i{abﬁhsﬂaﬂé@fcﬁ%ﬁﬁ?mﬁ (@ZAR58F| 21D,

| ast Command, f Dl SoALLSH ;c#" Bﬁ%gggiz 2QVPTYST@ NG ; 25
verra ons

} - 93- @PPEND&anfg(vS%YEnﬂ REs (22, 285, -1, ;1)) ;

add(dvdFunctlonLabel new XY¥Constraints (22, 330, -1,
'1))1

™ .add (dvdPauseLabel, new XYConstraints (322, 330, -1, -1));
TV .add (windowChannellabel, new XYConstraints (22, 370, -1,
10 -1));
TV.add(jCSeparatorl, new XY¥Congtraints (26, 250, 352, 11});
TV .add (jCSeparator2, new XYConstraints (26, 320, 352, 11));
TV.add (jCSeparator3, new XYConstraints (26, 360, 352, 11));
TV.add (jCSeparator4, new XYConstraints (26, 400, 352, 11));
15 Tv.add (jCSeparator5, 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() ;




Copyright 0 1998 byBabak Hodjat and Dejima Corporation 5 package AACSA3;
publ i c cl assydhvesdsdgent extends AACSAAgent{ 10 static fi nRGT/EIPARIT MY

NAVE "lnputl"; static final int MYPRIORITY = 100; static final String
MYCOMMUNI TY = "I nput”; static |InputAgent instance = null; //singleton 15
static public InputAgent Instanceo( if (instance == nultj {"Tnstance = new
| nput Agent (MY_NAME) ; } return instance; 20 } public sk

R ed
voi d register(AgentEvent e) { if (instance == null) |ns§ ‘ﬁ}ﬁ‘mﬁ r“
| nput Agent 00; if 25 -107- TN
('instance. knownAgent s. cont ai nsKey( (( Agent) e. get Sour ceo0) . get Nam eo)) {
i nst ance. knownAgent s. put (( (Agent) e. get SICLAEMS) . get Nane ), e. get Sour ceo0);

30 (CAgent)e. get Sour ceo) . addAgent Eve tListen st anc
i nst ance. addAgent Eventll_l sté%%&‘ﬂ nl? erég %?ces?):%qwectmessage

System out . printy mm&% m 188 bstidetvnchat
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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 critetia, 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 5. 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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Agent Event (this, nsg) 50 Acti on Eent instance .register (e)

Text | nput Agent . i nstance. r egi st ﬂ Im llumnu i nstance. regi ster(e) ;
Proogr amAgent . i nstance. r egi ster ar ned. put ( EXACTMATCH + "do",

55 ActionAgent.instance. MYCOVM'NI TY. EoLowerCaseC) trino); //def aul t

i nterpretations -94- | earned. put ("progranm ng",
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4 discarding as a satisfactory claim, prior to said step of instructing, any of
5 said query responses which claim said subject message but fail said threshold quality
6 criteria.

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 lan indication of confidence with which
3 the agent originating said query response claims said subject message.

1 9. A method according to claim 1, whérein 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.




I mport jclass.bwt.*; 10 inport borland.jbcl.layout.*; public class

TVAct uat or &0 es8381AACSAAgent { static TVActuator instance = RAQIVUS9Y/1LB77
static final String MY NAVME = "TVActuator"; Panel TV = new Panel ();

JCSl i der Volume = new JCSlidero; JCSlider Lights = new JCSlidero; JCSlider
Bri ghtness = new JCSlider 0; 20 JCSl i der Contrast = new JCSli dero;
JCSlider Color = new JCSlidero; JCCheckbox SoundOff = ngyys feleh o i
JCCheckbox LightsOn = new JCCheckboxo; JCCheckbox Povver%!gﬁm“mmfm“l
JCCheckboxo; 25 XYLayout xYLayout| =—hB& XYLayout(); el nos

t vchannel Label = new Label (); Label vcrFunctionLabel = new Label (); Label
vcr PauseLalhel = new Lhbhel (A;metidtedccordingttachih L awhérein said\wespahsek {ncludd@

Label dvdFunctionLabel .= new Labe| (); Lapel  dvdPauselLabel = new Label ();
Label wi nd8wChaRHEIE, SPQ“?Fé\APE’g'&éIr‘%sP,eCt}VéIcm%\ﬂst?nﬁﬁéb&}agﬂé?‘djS@%‘ﬁar ator|

= new jclagb6.b ; . | 2:DW e : ator2 =
new |j CJ| ass.ﬁbwt %e a?szqeg{lgq Bﬁﬂej'% aé%?fbﬂ\?ﬁoﬁ %@g.ﬁfgﬂ%@? gép%r&g{‘% %ééi{ new
jclass. bwt 4JCSegiid eluipds Hingj muitaslly. dxclusivé Sestaresionse inGaridiali of respofis 40

jclass. bw.JCSeparatorQ j.class. bwt.JCSeparator jCSeparator5 = new
j ol ass. but SJCSeB@FQE ctiyg quality; lpvpl asseciated thegewithat t ern, used to get single

I nstance 42 stati Cwﬂ%fnisﬁd It\éé‘Sfr'éﬁ)tl\%g Aﬂ}%&ﬁﬂlgﬁ{g{responses comprises the step

7 of comparing the quality levels of the responses in said plurality of responses.

1 12.  Amethodaccording to claim 11, wherein each of said quality levels
2 inchudes a priority measure of the respective claiming agent and further includes a
3 measure of confidence with which the respective claiming agent claims said subject
4 message.

1 13. A method according to claim 12, wherein the measure of
2 confidence of a respective claiming agent comprises an indication of whether the
3 respective claiming agent considers that a contradiction exists among further agents
4 downchain of the respective claiming agent.

1 14. A method according to claim 11, wherein said responses further
2 include a further response which claims said subject message as being in the domain
3 of responsibility of a further agent downchain of said initiator agent, said further
4 response not being mutually exclusive with any of the responses in said plurality of
5 responses.

1 15. A method according to claim 1, wherein said responses include a
2 plurality of responses in which respective claiming agents each claim said subject
3 message as being in the domain of responsibility of the respective claiming agent,
4 said claims being mutually exclusive,



(i nstance == null') { instance =new TVAcCtuator (MYNAME) ; return instance;
50 6ﬁ‘at i C synchronl zed voi d reil st er ( Agent EvengcBusobrisizr
nuI

(i nstance == i nst ance —L &wl} HU if 5
(l1'i nstance. knownAgent s. cont ai et Sour ceo0) . get Nam eo)) {

-96- instance. knownAgents. put(((Agen ) e. get sour ce 0) . get Nane(),

e.get Source(0); 5 ((Agent)e. get Source()) . addAgent Event Li st ener (i nst ance);
i nst ance. addAgent Event Li st ener (( Agent ) e. get Sourceo0); } el se
Systemout.println("Agent " + instance-ddf®e + " did not register " +
((Agent)e. get Source().get Nane(); 10 public TVActuator() { nane = MYNAMNE;
try{ jblngt(; 15 wheéreinahid Gfep ©Efbblomg donﬂncﬁﬁ fils ﬁ@d@més)thesa lic
TVActuator (String Name) { supg}s(Nama g yé £ fes bl ni't o; cat%:kﬁ
(Exceptiof e) ¢f @uging atsirdebveskedty resglyepa |cpeﬂ1§tyng:n¢smzsed voi d

initializations() { Agent Message nsg = new Agent Message( REA STER, nane nul |
, null, null , null) '

1 16. 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



Agent Event e = new Agent Event (this, nsg) 30
Vi deoAgent . iypgbapsss: r €gi ster(e) ; DVDAgent.instance.regi st ergepus99y/13377
W ndowAgent . i nstance. regi ster(e) ; Power Agent.instance.register(e)
SoundAgent . i nst ance.register(e) ; 35

Li ght sAgent ..l nst.ance. register(e) ; BrightnessAgent.instance .register (e)
Cont r as{Aguetiiniisy ‘ 4 Egi ster(e) ; ColorAgent . instance .register (e)
Channel £ IR R IRA ister(e) ; 40

Text | nput#geht -t A8t ahce’ regi ster(e) superllhitializations(); } public
synchroni zed void startupDefaults(){ 45 di spl ayEverything(); } public
synchroni zeg void di spévajoaigg hiwiedgtly tadhfof sal@clbimirpageiits wheinstrietddby egid 50
SoundOrf.setState(O; else SoundOf.setState(l); if (Test.powerStatus ==
true) PoweiOn. seinsiatardp handlesgprior message. el se Power On. set State(O);

-97- Vol une. set Val ue(Test . vol uneLevel .intValueo0); if (Test.lightsStatus ==
true) LightsOn.setState(i); else

l
s

1 20.  Amethod according to claim 19, wherein said step of resolving any
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.

-

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

W

the step of instructing said prevailing group to handle said subject message.

23. 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,

and where said subject message is within said first agent’s domain of

responsibility, returning a response to said initiator agent claiming said subject

g o Ul N R

message.

24. 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

T N o

domain of responsibility;



5 L| ghtsOn. setState(O) ;
Li ght s. set b ynéshgst - | i ght sLevel . i nt Val ueTT B PCT/US99/13377

Col or. set Val ue(Test col or Level .
Contrast . set Val ue( Test. contr ast Lgmm mWﬂ&! Llo
Bri ght ness. set Val ue( Test. bri ght nes'sLave

t vchannel Label . set Text ("Channel " + Test. channel Nunber .toString(0);

vcr Functi onLabel . set Text ("VCR: STOP if (Test.recordStatus == true) 15
vcr Functi onLabel . set Text ("VCR. RECORD "I)%2+4f (Test.playStatus == true)
vcr Functi onLabel . aet Text ("VCR PLAY '1); if (Test.rewi ndStatus == true)

verFuncti anlabel . set andwhéreaikk subjedtimdosagl: is @A within said first a ent’kﬁomam of
(Test.forwardStatus == true), vcrFunctionlLabel . set Text (" FORWARD"); if

(Test . pau$eSt afesponsd lllwu%!ad Mﬁ%w@éb@s ne durtheg downghsEagents remmifg

vcr PauselLabel Vel nel Label . set Text (" Channel
"1 + Test a’\t/)l de§%h§ﬁ§r§téf’ Rfid fnitiator agept ‘%‘é‘%‘%‘ﬁ‘“ q(‘ls\"%ft MFeRnSt at us == true)
wi hdowChannel Label . set Text (" PI P: ON "/* + 30

Test . wi | ndowChannel Nunber . toStri ngo*/); el se
wi ndowChadnel Label . s@8Tex#(methpd a@Ddeg to dmthrfcttthembamHSmgéte'Eeeps of 4 DVD:
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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
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responsibility.

27. A method according 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
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comprises the step of requiring a minimum priority level.



40 I f (Test.dvdpauseStatus == true)

dvdPauselabeyosgfsdspit (" PAUSE") ; el se dvdPauselabel . set Text (" PCT/US99/13377

"); 45 public synchronized void processQ her Nessages(Agent I\/Essage meg) { if
(msg. performative. equal s(EXECUTE) ) { if T
(msg. cont ent . i ndexOf ( Power Agent . i nstance. nane) 50 0) (/!ﬁCMER | f

e oo, der (0 P e e oo N g g

System out . printl n("===>Executing: POAER C]\l\ n"

Test. TVWCR execute("IPW", -1); 55 -11 el se -

(msg. content.indexOn(OFF) == Power Agent . i nstance narre | engt h()){//CFF
System out. printl n("==282ExeAuhéthed aconfihy ¢3-Claind 27, wherein each of said further
Test. TVWCR. execut e(" PWO' 1); } else d(11WARNI NG Wong message content:

" + nsg. conRent) respoxgpss@rthg has associated therewigh an indication of confidence with which

(Mo, cont ent i naditcpy EteRE rid AEANSoNB B Sl s e NS5 /o
System out. println("===>Executing: SOUND C]\l\ n"); 15

Test. TVWCR execute("VO', -1); } else
1 29.  A'méthod according to claim 26, wherein in said step of evaluating

2 said further responses to determine whether any claim said subject message and also
3 satisfy predetermined quality criteria, said first agent considers a given response to
4 satisfy said predetermined quality criteria whenever said first agent has received said
5

given response.

30. 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 which if any claim said
subject message and also satisfy predetermined quality criteria; and

where at least one of said further responses claims said subject message
and also satisfies said predetermined quality criteria, returning a response to said

initiator agent claiming said subject message as being within said first agent’s
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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
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.



I f (nmeg.content.indexO (OFF) == SoundAgent. i nst ance. nare. | ength()){// OFF

Syst em o] n("===>Execut i ng:——SCUND—20—OCOFF\+H") ; PCTIUS99II3377
Cé?"ggdé%’%‘e("vo -1); } else if (neg.content.indexOtf ( MORE) ==

SoundAgent i nst ance. nane. | engt ho “,m:nmﬂmﬂﬂmul .
System out. println("===>Executin Test. TVWCR. execute(" V",

1); } else if (nsg.content. |ndex~f(LqES$) 2- 80 *
SoundAgent . i nst ance. nane. | engt h0) (//LESS

System out . printl n("===>Executing: SOJAD4EESS\n"); Test.TVWCR execute("V',"

-1); } else 35 i f (msg.content.indexOr(JUWP) ==
SoundAgeaqt . i nst anceznaneal f&aéd Qcordid b claith 80 whird PG 6X said Ai¢her

| nt eger (nmsg. cont ent . substring(nmsg. content. |ndexO‘(JUI\/P) + JUMP. | engt h(,
meg. cont 2nt . | resppriséy yhich 4lim said subject message and also satisfies said predeterrmned

Syst t. A === OUND JUMP, TO |
Yoy e Pl ”ﬂ@&ﬁf@?&w‘#%e@W%\Y&b&or?ﬁ%%"?e&#um S 6k"90)

Test. preyi ousé{giﬂdgﬁdeevel i ntVal ue()); 45 el se d("WARNI NG
Wong nessage content: " + nsg.content); } else if
(msg. content.indexOh (Li ght sAgent.instance.nane) 50 == 0) (//LIGHIS if

(meg. co n'&e nt. 1 ndex G_AO\I) A method according to claim 1, further comprising the step of said

2 network, in response to said step of instructing at least one agent in said prevailing
3 group to handle said subject message, causing an output to be generated which is
4 human-perceptible.

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.  Amethod 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.

1 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:




Li ght sAgent . i nstance. nane. |l engthQ0){ //ON System out. printl n("===>Executi ng:
LI GHTS O\\ n"wo 99/86381 }el se -99- if PCT/US99/13377
(nmog. content. i ndexCF (OFF) == Li ght sAgent.instante. name. | engtho) //COFF
System out . print| n(Wh===>Executing: LIGHTS OFF\n"); 5 —elseif

(nmsg. content. i ndexO‘(NL‘RE) == Li ght sAgent . i nstance. nanmexl engt-h()..(// MORE
System out. println("===>Executing: LI GHTS XORE\n"); 10 ” m § "I""'m”"l
else if (msg.content.indexOf (LESS) AR T
Li ght sAgent . i nst ance. nare. | engt h(){I//LESS-ByBt em out mos
println("===>Executing: LIGHTS LESS\n"); 15 } else if
(msg. contens. i ndexCf (Jcpl\ﬂ?'})ing.zitg]dsmt'safk@dmttheirragdmildowna:imirlaoﬂse:'(tigﬁlrét(agé:(t/vlhétﬂlmD

| nt eger ju Val u&ﬁ r@w

| nt eger ( msg cont bafu BﬁemW%S%GWWmPW&%@GPPWWe%%WW%gt ho) ,
nmsg. cont ent I eng&é}g_)g) Slﬁ}i@t em out. println("===>Executing: LIGHTS JUW TO "
+ junpVal ue: toStrl n (o)n ); ) else d("WARNING Wong nessage content "

+ meg. contept); 25 recexvmg a pluralityedfsforthdr conflicting responses from said further
(msg. content . i ndexO ( Cal or Agent . i nst ance. nane)

7 agents each satisfying predetermined quality criteria and claiming that said subject
8 message is within the further agent’s domain of responsibility; and
[} 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 fiuture messages having a predetermined characteristic



0) (//COLOR if (msg.content.indexOf(MORE) == 30
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nsg. content. | eng thogl) System out , ﬁll nt | n( ===>Execut i ng: CC]_CR JUW TO " +
j unpval ué tospfs%e easts?n%geptl arewading graug. " cL"
Test. col orLevel .intVal ue( -Test. previ ouscol or Level . i ntval ueo0); 50

} else d("WAPNI NG Wong nessage content: " + nsg.content); | else if

(nmeg. contient . i ndexOl4B ContA fethéd aptordingttarottmma)Rirtheb comprishlg the /stepNFRAST

-100- if (msg.content.indexOr( MIORE) ==

Cont r ast Agent .spifidfir &nﬁgénhmﬁﬁuﬁ@ﬁg%t Aessh pre REFRe agents in said network which can

System Olﬁt pr 'xfpshju@{ sa;d: ﬁrsﬁé&%'t' H ﬂﬁidle%ﬁe to unlearn any interpretation policy

4 which calls for the second agent to route to said first agent messages having said

5 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

W © 3 6 ! b W NP

responsibility, returning a response to said upchain agent claiming said subject

fun
o

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
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a command.
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LESS\n"); 40 Test . TVWCR. execut e(:" B', -1); } elseif
(msg. cont eRly do/geRx & (JUMP) == Bri ght nessAgent . i nst ance. nanmgpdraigbidsyy / / JUMP

)
| nt eger junpVal ue = new 45
I nt eger (nsg. content. substring(nsg. congemy. i ndexF (JUWP) + JUMP. | engt h(, _
msg. content.length())); Systemout.println("===>Executing: B NESS JUWP
TO " + junpValue.toString() + "\n"); Test.TWCR execute("B",750
Test . bri ght ness Tprvalue(u - lest. previousprigntnessceverl.1njValue()); -

MV
1 el se d("WARNI NYDI@OREX ressage contgd#8 " + msg. content); } el s 55
-101- if (nsg.cpntent.j rSTonpAgent . i nst ance. nane) ==
{//TELEVISION i (nsg. fontent.indexO ( ) 5
Tel evi si of t]i nstanfe. nandnpehgt ho) H-LMORE-Syst-em ouwtl n$

" ::=>Exegﬁ 1‘ | TECEVT Bl ON CHANNEL NEXT\{n"); Test. T\VVCR ¢ te(" ¢,
Test . chanfel Nunber . i nt /al ueo0): 10 —etse—+
(msg. content. i nflexd ( Tel evi si onAgent fi nst ance. nane. | enpt ho) |{// LESS
System ou313u;i\n1 | n("===>BX Cll.Jetcilrrr]\%g LEVISTON  Interpreter
322 328
Interpretation L
Policy
AN Unit Address-book
326 ~ ~~———
] Temporary
Request 334 /-330
Storage
Unit 332
AN Output Other
1 Learning Agents
314~
Other Rewards Other
Agents Agents
e o %
/rocess/

l
Non-Agent 1/0

7//

FIG. 3
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CHANNEL PREVI QUS\n"); 15 Test . TWCR. execute("C ,
Test. channel yy¥hgssst nt Val ueo0); } else if (nmsg.content.index@LT/VSMRP377=

Tel evi si onAgent . i nst ance. nane. | engt h0) {//JUWP 20 | nt eger
j unmpVal ue = new I nt eger (nmeg. content.suBgeoing (nsg .content.indexO (JUWP) +
JUWP. | engt ho, nsg.content. | engt ho)); System out. pri ntl n(" ===>Execut i ng:

TELEVI SI ON CHANNEL JUMP TO " + JurrpVaI ue.toString() + "\n"); 25

Test. TVWCR e y , Test. ch E@@q_._i ntValue 0); } else d("WARN NG
W ong nessage conten{: " el se 30~4§0

(msg. content.indexOr ( {//VI DEO i f

(msg. content.indexO ( >
35

Test. TVWCR. execute("'"’
Vi deoAgent . i nst ance.
System out. printl n{"===>Exec
-1); } else 45

Vi deoAgent . i nst ance.

System out . priwa n("===

soesermen ...f"“
o . "-. o™

QUERY OR
COMMAND

utigg: VI DEO RE DHez )
% ﬁggqn: ot . |ndexO‘(PLA =z 40

el

1/0 ACTUATOR

TO HOME ENTERTAINMENT SYSTEM FIC. 4
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PAUSE\ n"); Test.TWCR execute("P', -1); 50 _ . else if
(meg. cont eqfp dongseiCf (Ut PAUSE) == \/ | deoAgent . i nst ance. nane. | _@3@%377
{// UNPAUSE Syst em out. pr| nt | n(" ===>Execut i ng: VI DEO UNPAUSI%& E'E

vcr Pauselabel . set Text (" 4720 ") Test.TWCR execute("S", -1);
-102- } else if (nmsg.content.indexOn(STOP) ==

Vi deoAgent . i nst ance. nane. | engt ho) (// STOP System out. printl nt"===>Executi ng:
VIDEO 5 STOP\n"); vcrFuncti onLabm Y STOP "),

Test. TVWCR. execute("S", -1); Tes\_ITWCR e ate(" C',

Test . channel Nunber . i nt Value()); 10 } else if

(msg. content. i ndexOf (REWND) == Wi deoAgEath | ns/‘é’fge name. | engt h()) {// REW ND

DECREWH n ) 15
Test . TWCR execute("RW, -1); } e| IRITIALIZAJONoNt ent . i ndexOf (FORWARD) ==
Vi deoAgent . i nst ance. nane. | ength()!

System out . pri ntl n(" ===>Executi ng: VI DEQ 20 FCRV\A?QEWA?');
Test. TVWCR. execute("F", -1,

SET AGENT’S STARTUP DEFAULTS

/-514

REGISTER WITH OTHER
AGENTS

/' 516

ADVERTISE ABILITIES TO OTHER AGENTS FROM
WHICH THIS AGENT WANTS TO RECEIVE REQUESTS

518 520
NO

IS THIS
AGENT STILL
ALIVE?

DONE

821
_\

AGENT-SPECIFIC
COMMUNICATION
FUNCTIONS

522

NO _~ANY INCOMING

MESSAGES?

524
PROCESS |

MESSAGE FIC. 5
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} else if (msg.content.indexO (MORE) == Vi deoAgent -
I nst ance. naxey $omsggih() ) {/ / MORE 25 PCT/US99/13377

Test. TWCR execute("CV", Test.vi deoChagpgl Nunber . intVal ueo0); } else 30

I f (nmsg.content.indexOh(LESS) == Vi deoAgent.instance. nane. | engt hoO){//LESS
System out. println("===>Executing: Y330 CHANNEL PREVI QUS\n");

Test . TVWCR execut e(" CV", | annel Nunber.intValue(0); } else if
(msg. content.indexOr(JU == Vi deoAgent }i nst ance. nane. | engt hoO) {// JUWP

| nt eger junpVal ue = ne OCESS MESSAGE
| nt eger (nsg. content. subtring(nsg. content.i ndexO (JUWP) + JUMP. | engt ho,
nsg. content.length())); Systemgut.println("===>Executing: VIDEO CHANNEL
JUMP TO "Il + junpValue.toString(y) + "\n"); Test.TWCR execute("CV'1l, 45
Test . vi deoChannel Nunbergi . } else d("WARNI NG Wong nessage
content: " + nBg.content); | f

(msg. content. i ndexOf (W ndofvAgent . i nst qnce. nane) == 0) (// W NDOW i f

(msg. content. i ndexOr (ADD \V ISSYINCH=6N

W ndowAget- . A FEREORM | ADD
Systemouf.println("=== cuti ng@&)/v 55 ADD\h");
Test . TWCR. pi pDi spl ay(trueN
700~\ /—1200 [1500
ADVERTISE RS UNLEARN
800-\ /—1210 /-1700
UNADVERTISE COMMIT FORGET PROBLEM
900 _\ /-16'00 /- 1800
IS-THIS- DIS- AGENT-SPECIFIC
YOURS? SATISFIED PERFORMANCE
1010 \ /‘7020 1300
A
—IS- MAYBE-
IT-IS-MINE MINE USER RESPONSE
1000 -\ /—1220
NOT-MINE RESTORE
612
END
FIG. 6
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} else if (msg.content.indexO (REMOVEW NDOW W ndowAgent. instance- nane.

REMOVE\ n' ) ; Test. TVWCR. pi pDi spl ay(false); } else if

(msg. content. i ndexOF(MORE) == W ndowAggnlp. i nst ance. nane. | engt ho) //MORE 10

Test. TVWCR. pi pChannel Next1 0; } else if (nsg.content.indexOr(LESS) 15
wi ndowAgent . i nst ance. nane. | ength()) //LESS

Syst em out . printl n("===>Executing: W NDOW CHA% PREVI QUS\ n") ;

Test . TVWCR. pi pChannel Prev0O; } else 20 i f

(msg. content.indexO (JUWP) == C'UUVW# =1 ce.nane.length{))(//JUW
| nt eger junpVal ue = new ERTISE

I nt eger (nsg. content . substring(nsg. contedt. i ndexOf (JunP) + JIMP. | engt ho,
msg. content. |l ength(0)); 25
System out. printl n("===>Executing: WNDJW CHANNEL JUMP TO "r +
junmpVal ue.toString{) + '"\n");

Test . TVWCR. pi pSet Channel ( Test.w ndowCh
t. previ ousW ndowChannel Nunber . i nt Va
d(' WARNI NG W ong nessage contenp”"

COMMUNITY BEING
ADVERTISED ALREADY
KNOWN BY AGENT?

s&! Nunber . i nt Val ue( o- Tes
710 (

NO 712
[

CREATE NEW
COMMUNITY

ADD AGENT TO THIS |— 74
COMMUNITY

END

FIG.7
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if (nsg.content.indexOr(DVDAgent. i nstance.nane) == 35 0) {//DVD if

(msg. cont entwirvdesIgh ( PLAY) == DVDAgent. i nst ance. nane. | engt hoPCT/USPNIAYT7
Systemout. printlnr" ===>Executing: DVD PLAY\n"); Test.TVVCR sel ect Dvd(; 40
Test. TWCR. dvdPl ayoC;, } else if (msg.canent.indexO (PAUSE) ==

DVDAgent . i nst ance. nane. | engt ho) ) {// PAUSE System out. printl n(

| r===>Executing: DVD 45 PAUSE\n t); Test.TWCR dvdPause(); } else if

(msg. content . i ndexOF (UNPAUSE) DVDAgent . i nst ance. nane. | engt hC)) (// UNPAUSE 50

System out . printl n("===>Executing: DVD UNPAUSE\ n"); dvdPauselLabel .set Text ("
li); Test.TVVCR dvdPl ayt); } else 55 i f
(msg. content.indexOh (STOP) DVDAgent.instance. nane.length()) //STOP - 104-

System out . println("===>Executing: DvVD STOP\n"); Test. T TVVCR dvdSt opo;
Test. TVWCR. dvdSt op0O; Test. TWCR execute("C', 5
Test. channel Nunber . i ntVal ueo0O); ) else if (nsg.content.indexO(REWND) ==

800

[ unaDVERTISE ]

/’8 12

REMOVE AGENT FROM
COMMUNITY

DOES COMMUNITY HAVE
ANY AGENTS?

NO

816
/’1

DELETE COMMUNITY
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DVDAgent . i nst ance. nane. | engt ho) {// REW ND

Syst em outwpnpssBn( " ===>Executing: DVD 10 REWND\n"); PCT/US99/13377
Test. TWCR. dvdScanReverse 0; } else if (msg.content.indexOF( FORWARD) ==
DVDAgent . i nst ance. nane. | engt hoO) {// FOgWagD 15

Test . TVWCR. dvdScanFor war doO; } el se d("WARNI N
20 nsg.content), displayEverything(); 25
(Agent ) knownAgent s. get ( Text | nput A '
EMPTYSTRI NG EMPTYSTRI NG nsg. redl
synchroni zed void jblnit() throws - set Enabl ed(f al se);

TV. set For eground( Syst enCol or. i nacti veCaption); 35 TV. set Local e( new
java.util.Local e("en", "GB", EMPTYSTRING]); TV.setlLocation(new Point (50,
50)); TV.setSize(new Dinension(537, 300)]; TV.setlLayout(xYLayoutl); 40
Vol une. set Enabl ed(f al se); Vol une. set Maxi gum( 930 - vol uneMax); Vol ugg2
setm ni nrum (0); 920

Vol une. set Maxi rrunLabg/I-St ring(lnteger

g0y ong nessage content: "
sendMessage(
ane), CLEARTEXT,

RING; 30 } public

=3
g') b
f‘l.
=
(%25
o %..
< (-,?"

q( Test . vol

Vol ume. setfMmrwuntaper Strihg( (" Vol yeHAS THIS ™ . satRIRIRK 0) ; |

Li ght s. set{EnabPERFORMse) ; REQUEST BEEN | INTERPRETATION
INTERPRETATION INTERPRETED FROM STORED
, BEFORE? PROBLEMS
922 924-\ /—934

RETURN IT-IS- PROCESS ANSWERS
INTERPRETED? MINE TO STORED IN THIS
SENDER INTERPRETATION

912

ANY KNOWN
DOWNCHAIN
COMMUNITIES?

913
i

RETURN NOT-
YES g | MINE TO
[ SENDER

STORE
PROBLEM

930

QUERY ALL
DOWNCHAIN

AGENTS IS-
THIS-YOURS?

END }=

936: FIG. 9
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Li ght s. set Maxi mun{ Test . | i ght sMax); Lights.setM nimun{0); 50

Li ght s. set Mowo swéd3dsboel Stri ng( I nteger.toString(Test. | i ght sVaBOT/US99/13377
Li ghts. set M ni munm_abel String(("Lights 0"1); Lights.setValue(O:;
Col or. set Enabl ed(fal se); 55 Col @y 9et Maxi mun( Test . col or Max) ;

Col or.set M ni munm(0) ; - 105-

Col or. set Maxi munLabel String(l nteger.toString(Test. col orMax));

Col or. set M ni munLabel Stri ng(" Col or 0"); Color.setValue(0); 5
Corit rast . set Enabl ed(fal se); Contrast. set Maxi nun{ Test. cont rast Max) ;
Contrast.set~i ni mrun(O;

Cont r ast . set Maxi nunLabel St r@m( Integer.toString(Test.contrastMax 10 ));

Contrast. set M ni nuniLabel Sfring ("Contrast 1019: Contrast.set Val w029 ;
Bri ght ness. sejEnak . Brig Lqum( Tes ' ; 15
Bri ght ness. sef m nNOTRIANE _ IT-1S-MINE . MAYBE-MINE
Bri ght ness. setvaxrmerpadret-Stt i ng(| . (Test. ;

1)

Bri ght ness. set M ni nuplLabel String("Bri ght ngss g); 20
Bri ght ness. setVal ue(P; SoundOf.setState(O; LightsOn.setState
SoundOr f . set Label (" rr?t-e*“)——l:rqﬁrsm, T . pel ("lights on");
1

ADD THIS RESPONSE 1022
(PERFORMATIVE) TO v
RESPONSES PREVIOUSLY

RECEIVED WITH RESPECT TO
THIS STORED PROBLEM

PROCESS
ANSWERS

END

1024

1026

FIG. 10
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25 Power On. set State(O; Power On. set Label ("I power");
t vehannel LaofjoseR ?Enabl ed(fal se); tvchannel Label . set Font ( ngéfngsbg3ssy al 0g",
0, 20)); tvchanne Label . set Text (" Channel 30

vcr Funct | onLabel . set Enabl ed(fal se); vcir ?%lact [ onLabeI setﬁmp_&( new Font
("Dialog", 0, 20)); vcrFunctionLabel. ext( "VCR)

dvdFunct i onLab%. g Engpl ed(f al se); dvdFunct i onLabel . g ROCESS SHSHERS)
("D al og" )i)S dvdFuncti onLabel . set Text ("

vcr Pauselabel . set Enabl ed(fal se); vcrPauselLabel . set Font (ypgw

0, 20)); vcrPauselLabel . set Text(" " dvdPauseLabeI . set Enabl ed(}-= 40
dvdPauselabel . set Font (new Font ("Di al og", 0, 20)); dvdPausg .seX Text ("i
vcr Channel Label . set Enabl (Hi(IS MINEQ)MAYBE?-lMINEaWﬂDT:M@Nﬂ set Fo
( D al 0911190 20)) C abe S

ndowCha -\Label set Enabl ed(f al se) Wi ndowChanneI Label .

Font( hdowChannel Label . set Text (" Pl P: "\ /)
this.setS é@%%g%ﬁ%?% 532, 666)); TV.add(Vol unme, new XYCo rai nt s(85,
5 -1, -1]1) A TV, addl(Li ghts, new XYConstraints(85, 500, -1, -1));
TV. add( Col or, new KYConst r ai 2%676 85, S5, -1, -1)); TV.add(Contrpst, new

XYConst r ai nt s(85 1 05, TV. add(Bri ght ness, new XYCons} COMMIT s( 85,
155, -1, new XYConst r ai nts(352 5 -1, t1)); 55

TV. add( Li EWPTHAUL0 é%ns ra| nts(352, 500, -1, -1)); TV.add(PowerOn, new
XYConst r ai REW.HBTDN OF3ANY NEW | - 1)) ;
CONTRADICTIONS
1118
I

INCREMENT TheyKnowCount OR
TheyMayKnowCount OR NEITHER

ALL QUERTED COMMUNITIES
HAVE ANSWERED?

YES

TheyKnowCount=1
OR

FOCUSES DON'T OVERLAP?

THIS-YOURS"
STORED?

1142—\

0\ S0 STORED | L \ A1
SEND “TT-IS-|  |PERFORMATIVE| | SEND MAYBE- Iyqy “iiorR SEul%NErl{or
MINE" TO ALL WHO MINE
1128 CLAIM 1T
END 1
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-106- TV. add(tvchannel Label, new XYConstrai nts(22, 205, , -1));

-1
TV. add( vcr Fupglehgésspbel , new XYConstraints(22, 258, -1, -1) PCT/US9913377
TV. add(vcr PauselLabel , new XYConstraints(322, 258, -1, -1)); 5
TV. add(vcr Channel Labei, new XYConstrai f$f2¢, 285, -1, -1));
TV. add(dvdFuncti onLabel , new XYConstraints(22, 330, -1, -)n);
- TV. add(dvdPauselLabel , new nstrai nts(322, 33 ));

Opnrnl, -1
TV. add(w ndowChannel Label w XYConstraints(2 ,1269/'0, -1, 10 -1) )j—1210
TV. add(j CSep - nst r g —R52, 11))¢
TV. add(j CSepqr at orRESTOREw XYQonst rai ntTﬂgszﬁ—YQlﬂS, 352, 11))( COMMIT )
TV. add(j CSeparator 3, [ new nstrarnts ; 52, 11));

TV. add(j CSepar at or 4, | new XYConstrai nt s(26, 486—352m—11) )1
TV. add(j CSepar at or 5, {new ®#&onst rai nt s(2, 460, 440, 40)); this.setTitle
(" Devi ce represgatatfonsn ndow'); thi-s—set-Bourds 00’;2123“0’ 400, 550);
this.add(TV); this ol 20 ' ; I &ahow } -107-
CLAI M5 1 RE%%RE A conput etrphq(%rs)$ @%ﬁ Ee)d et hodf or processing a
subj ect nessage,—2 by a net wor kK—of—age ' uding an initiator agent
and at |east one agemnt—dowachaii—3 ofwdaid initiator agent, each agent
in said network having a view of its own ddmain 4 of responsibility,
conprising the steps of said initiator agerft: 5 gueryi ng at

| east one ofthe agepf s\dowf@d8ai n of sai d_i Lat oééfent in said /_1242

ANY KNOWN
DOWNCHAIN

N N0 _Ahs THIS REQUEST BEENSTES | RETRIEVE INTERPRETATION

INTERPRETED BEFORE? FROM STORED PROBLEMS

COMMUNITIES?

YES
182 b !
PERFORM INTERPRETATIONS &eocss STORED Answmq
1234 1238
INTERPRETED? 0. STORE PROBLEM
1240~
QU\%ﬁY ALh
DOWNCHAI
236
[ fes AGENTS IS-THIS-
- 9
SEND MESSAGE PERFORMATIVE YORS!
AS A NEW MESSAGE 70 ALL
RELEVANT COMMUNITIES
1230
e
o )
FIG. 12
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6 net wor k whet her the queri ed agent considers-said subject nessage to
be in theywqgggesgieri ed agent’s domai n of responsibility; gcrruseenssrr
resol ving any conflicting responses fromsaid queried agents, which 9
responses neet threshold quality cn%f:”'@, to identify a prevailing group

of at least 10 one of said downchalin agents to whom sai d subj ect
nmessage shoul d be passed; and 11 instructing at |east one agent
in said prevailing group to handl e said subject 12 nmessage. 1

2. A met hod according to cl a" 31 1, wherein said subject nmessage 2

i ncl udes user input. 1 300 Amet hod accor di ng. 3 ai n2,
wherein said step aid 2 subj ec ponse to
user input conpri SQJSERh‘RESPQNSEf preparing said |3 LEARN ect ssage in
response to naturat—t=mggage—text input. 1 n et hod
according to claima1, mhﬁrein said network of agents is|2 or gani zed as
a hyperstructure of agentis

1, wherein said prevailing group
of at |east one agent. -1 08-

claims, fufth i of sa| 0B THIS; WORDLLOR WoRR:
recei ving at gggﬁﬂ:g&:a wgrs%ﬁ s¢ from >&CGM&MT[@N(WDED a(Nd /
di scarding gs a STOREDaPROBLEMSai m frior tp saj §A(§E) @éNTW g i no

of 5 sai'‘e e y——r-esSPqrses- wit-cir—e| ai ITlSilﬂJ %#{C@I |
said threshold quality 6 criteria. 1
according to claim6, whdrein ezi:me sai d 1uery 2 THlSrAGEN'ﬁses has

at | east one ggent is ajfcomunity
ng to

[?Qz 5. A met hod accordi ng-jgpcl ai m

associated therewith an ijndicati of a pri EVE
whi ch ori gi nat idgudry res se, - and wherel n said step of discarding

conprises 4 (t_pmNstlgER)nggmgd ng as a satisfactor I&ach of

sai d query respon asgoci ated priorit . /=Y -
pr edet er mi ned hr@z (]Jp TB‘”) 8. A et ng to claim?7,
wherein each of Sard querly 2 responses further “at ed t her ewi t h
an indication of confidence with which 3 t he ag??,t 6{ g}iatlng sai d
query response clains saijd subject ygeﬁsage I
/-1500
SEND "UNLEARN' MESSAGES TO ALL ( oEsn )
AGENTS UPCHAIN OF THIS AGENT
1510
1316 [
[ REMOVE ENTRY FOR MESSAGE
INTERPRET PROBLEM AGAIN AND CONTENT FROM
TRY RESPONDING TO ORIGINAL INTERPRETATION TABLE

MESSAGE (STORED IN PROBLEMS)
-PROCESS MESSAGE STEP

1512
o e

FIG. 13
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1 . A nmet hod according to claim11, wherein in said
initiator agewb ds6381 considers all responses from said querigdragRasst o
meet saldthresﬁold quality 3 criteria. 1 10. A et hod
according to claim1, wherein said resp identify 2 wi t hout
contradiction a claimng group of at |east one agent which cl ai 9185& d 3
subj ect nessage as being in theiygggspecti ve domai ns of respo 51 lity, 4
and wherein said step of resolvifng any conflicting, .

S 7 prevailing gr OUfy18& AT ﬁﬁSt one agent conpr ses pf
identifying said cl\almng g guoup as being sai oup.
-109- 1 11. A met hod according to clz einjsaid

responses include a 2 608 esponses in respect i vel710

cl ai m ng agents_each ai 1 Dj erit 3 nessage s Bei ng_in the

domai n of respo f ttive clain sal

clains being nmu WW«?@M Fﬁ’gﬁ response ifn g%ég gﬁngPBl'%n

responses 5 haw EQ PB%WSve gyality Ievé & Bwi{h, 6
wherein said st rESOTY Ty Ay t:fl i cting rleBROBEEM-D>SRECIEED e step
7 of conparing the qualfity |levels of the reqpogyeJHIS MESSAGESralfity of
responses. 1 12. Anet hoggggccor di ngt o cl ai ?bf‘t -r/nerei n{eachof
said quality levels 2 ncl udes priority ndgasure o EN espective

cl ai m ng agent @na rartner T Ncl gaes a4 measure of confi de%E W th

whi ch the respdctASke USERi fORg FREBBACK| 4i ns sai d subj ect 4 sage. 1

13. A met hod [agsomd) WHICH QWMUN]‘.I:? wherein the 0

confi dence of ge nt conprises dn i catijon of

whet her the 3 kﬁb@égggv Fﬁgﬁﬁ gent consi ders at_a contradiction

exi sts anong fi owjchain of the re | ai m ng
o 0 (A

Q)

agent. 1 14REQUETret hod acdording to cl ai in said
responses furtH erehe—a—i-tH-Her response whi ch clains said
subj ect nessage as being i the do responsibility of a further
agent downchain of said |n|t| at or %t sai d further 4 response not
being mutual ly tr—amy—oefqt he responses in said plurality of 5
responses. 1 LEARN USERSRESPONSEH hod according to claim1, Wel n said
responses include §YESSAGE CONTENT) [
AGENT-SPECIFIC
[1613 PERFORMATIVE
SEND "UNLEARN" MESSAGES TO ALL [18t0
AGENTS UPCHAIN OF THIS AGENT ‘

PASS MESSAGE-
/-16’14 CONTENT TO SPECIAL

PROCESSING UNIT
SEND "DISSATISFIED" MESSAGE :

TO CHOSEN COMMUNITY E131,2
1 1676 ol
Co5) FIG. 18

FIG. 16
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2 plurality of responses in which respective -claimng agents each claim

sai d subj nmessage as being in the domain of respogsyfédolssisrof the
respectiv c?a|n1ng agent, 4 said clains being nutually exclusive,

-110- 5 wherein said ste 4}agoresolwng any conflicting
responses conprises the step 6 cAlsing a user to be asked to resol ve
said conflicting responses. 1 16. A nethod according to claim
15, whey€rn saio m C lf:r to be asked to resol ve said
conflic{ing responsas AeEr 1 asking 3 said user to )
sel ect § 17. A met hod according to claim
15, whengl further includes the step of

i dentifying said preva Ilng group n response to natural 3 | anguage
text input entered in fesponse to said step of causing a user to be asked 4
to resolve said conflifting responses. 1 18. A et hod

according to claim1, ereipgppri d responses include a m/—191‘2pl urality of
responses in which pe ve claimngagents each clalnds

a.l..g subj ect 3
nmessage as being Qi N 9 respbrgEN(j)M[sg_Agqu DOWRCHAGR Pgcti ve cl ai mi ng
agent, 4 Sg Q§EH it ual A@g@g Qy; i%ﬁ_gggR ”|- wher ei n

sai d step. of rewg o7 fllctlng e step 6
of eval uati ng how ach of sai{l cl al R s _was ijnstructed by
said 7 initiator™gshandle a prior nessage. 1 19. A
nmet hod according to claNgm 1, wherein said responses includg
plurality of responsesgin V\/m cl? {r?espect ive claim ng agen

subj ect 3 nessage~as~Qei ? t he '
respective cl ajw eagfe. | esSiMh HESSAGE J8i ROWNCHATNIfi ty of

responses &g 'DSERacowaqmﬁcmo b -4evelychis VT o
said clainms Pewgg m asi ve, 4nd erpE EORRIRT Estep

resol ving any con esponses conlprises ra steps of -
conparing the quality ggel s ofthe responses in said pI urality of

responses; 8 and 1920 /_1922 /—7924
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9 eval uati ng how recently each of said claimng agents was

i nstruct ed byo9okessio

initiator to handle a prior nessagecTAiS99/13377

20. A nmet hod according to claim 19, wherein said step of resolving any 2
conflicting responses fiurther co ri sd5/2he step of causing a user to be
asked to 3 resol ve sai d conflfid@f@ ng responses. 1 21. A
nmet hod according to cl aim 20, rein said step of resolving 2 sai d

conflicting rep Ponses
prevailing 3

further .co ses the step of identifying said

:
XbﬂﬁUbAﬁNTN3E3$ o natural |anguage text input entered

in response to-sard-steprof—2— tausing a user to be asked to resol ve
said conflicting responsgs. 1 2012 22. A net hod accordbgg% to claim

1, wherein said step of }nstructif g at 2
prevai | i NG—gretp—t-o—hanet-e—saia~subi-pct

| east one agent |

23. A nE

instructirqaﬁrammrpxc asfﬂosm ﬁﬁfppfpg'wm@m qmspﬂemm ,
éma:

£P of

oy &

first one resp n

det er ni ni rg whet herPEB@RMMEleJ ect nesgage its HOULADMAGEN; ERHQTAHQN s
domai n of TeEspOUNTSTOT 228 5 ar—weTre sard_Spbject MESSage i S
within said first agent's_domain of 6 responsibilit returning qg g
response to saig initiatof agent claimng said subject 7 nessag Qf

24, A net hod
first one of said que

nmessage is not within

said first agent has no‘f Ndher downchai n agents, retur
response to said initiatol agent fi882ai ning sai d 20Bfe¢t nessage. {1
25. A nmet hod accordi ng 1

aclaimi1, firther conprising t mﬁgﬁ&aﬁﬂkAﬁm?

gponse to sald quey 3

i WS IS TS YORSY TO
- ALLSRRLEWANE OOUNCHATN
[ espdORMITIES ty and

I Yy l

e

T st agent''s domain of 6

o cl ai , further conprising|the steps qf a 2

first one F sard queried agents, 1n responfe to sal d |gqyery: 3

det er mi ni nqd MNPV REGHATER SIORESLABPBLOA ANWERHESe | i S| MLt DOWNEHAINI [d |fi rst agent]'s 4

domai n of r|es HODOWNGHATH ABENTS "IS-THIS-YOURS?" AGENTS RESPOND
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2020
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5 and where said subject nessage is not within said first
agent's dcwahg)ﬁ Q61 6 responsibility but said first agenpchasdissiher
agents downchain of said first agent, 7 guerying at | east one of said
further agents whether the further agéfoconsiders said 8 subj ect
message to be in the furt bility. 1

26. A met hod accordi ng } AGENZ #IZBECEIUEShé'iS-e rising the steps of 2

said first agent: 3 R i | eqst one further response
, THISYUURS" QRIERY

fromsaid further agents; yatiing said further responses °
to determ ne whet her any cI aimsaid subj ect nessage and al so satisfy
predeterm ned quality criteria; and { where none of said

further responses claimsaid subje o7 satisfy said
predeterm ned quality criteria i M@ response to said initiator 8
agent disclaimng said subje Qg Wi thin said first agent's
domai n of 9 A met hod according to

therewi th an ind/eay] OVINCI’ERPRIPTA'HON TPd q¥! DESIGNATESIEH

originated said furth n sai getep of evaluatlng
conprises the step of
28. A nmet hod according to c 8
responses further has associ ated T
whi ch 3 the agent originating sa
message. 1 29. A net hog
said step of evaluating 2 said fue
any clai msaid subject nessage ang

@1 h an indication of confidencp with
MUrther response clains said spbject
cording to claim 26, wherein |n
oppnses to deterpapsyg whef her
satisfy predet¢rmned qpality

criteria, said first agent congifiers a gi W responpe—to— sehi st sai d
predeternined quality criterj4 DOEDEAGEN afidN hgeAGENEs #i eceilved| sai d
5 gi ven response. 1 3 $ acREﬁll’URNSg "NOTelfai m 25,
further conprising the step HAYE ANY BQWH ENt I MINE"’ TO

receiving at |east one furthe QMMWJ@ES rtheéww 4
evaluating said farther response . i cl aicp 5

AGENT #i QUERIES "IS-
THIS- YOURS” TO ALL
DOWNCHAIN AGENTS

[2120
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RECURSIVELY FOR EACH
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/2 122
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6 where at | east one of said frther responses clains said

subj ect nmess9gfookeasr and al so satisfies said predeterm ned gezhishy13377
criteria, returning a response to said 8 initiator agent claimng said
subj ect nessage as being within said first/agent's 9 domai n of
responsibility. 1 31. A met hod according to claim 30, wherein
one of said further 2 responses cl ai msaid subj ect nmessage and

al so satisfies said predeterm ned 3 uality criteria clains said
subject nmessage with a high |evel of fidenggo 32. A

met hod according to claim30, wherein Td further 5 responses
whi ch cl ai msaid subject nessa isfies said predetermned 6

quality criteria clains said s@bje %ﬁage ith less than a high |evel of
confi dence. -114- 1 RE tthod according to clai m 30,
wherein none of said further 2 ééggge ich claimsaid subject
nmessage and al so satisfies sai quality criteria clains

edi um ['evel of 4 confidence. 1
rther conprising the step of said 2
structing at |east one agent in said
ubj ect nessage, causi ng an cygt ut to
et hod
RE step of 2 praviding said

36MESSAGETEt hod

sai d subject nessage with nore than a
34. A nmet hod according to claim1l, f
network, in response to said step of i
prevailing 3 group to handl e said
be generated which is 4 human- pg

according to claim 34, further corpDi
subj ect nessage in response tg

37. A nmet hod accordi ng to
at | east one agent in said preva

network in 3 response to recelp 2
initiator agent. 1 38. et hod according to claim1, further
conprising the step of said 2 at

2@% in said prevailing
group, in response to receipt of said n fromsaid initiator
agent, instructing a predeter o4 downchain of 4 sai d
first agent to handle said squEHHCHﬁﬂQSA@ENTJ. 39. A met hod
ps of a

/22 18

AGENT #i TAKES ANY AGENT-
SPECIFIC ACTION IN RESPONSE TO
MESSAGE

YOURS" TO AGENT #i

[2220

| AGENT #i PASSES ''THIS~IS-YOURS"

ON TO RELEVANT DOWNCHAIN
AGENTS
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2
3
agent mhether

in the further agent

t

first one of said queried agents,
099mfy| ng at | east one further agent downchai pcefusseisdsf i r st

in response to said query: -115-

he further agent considers said subject nmessage to be

s domain 5 afg f/@sponsi bility; 6

receiving a plurality of further conflicting responses fromsaid further 7
agents each satlsfnﬁggggéedeternlned quality criteria and claimng that

said subject 8
responsi bility; and
agent claimng said s

e is within the further agent's domain of
returning a response to said initiator
bj ect nessage 10

| as being within said first

agent's donmain of res
first agent: 12
agent; 13

further conf ¥t
of at |east OR&S"-N

sponse t

40. A net hod acco
said further conflicti
be asked 3

nsi bilit
gﬁﬁzlng said instruc

further conprising said
tion from sai initiator
o) sald |nstruct|on resof ving said

AGENT #i SRETURNSoj"BIOT
N9 Q) Feaio apsppRent | n

Ilb_L cl. 1

to claim39, wherein sald step of resol ving 2
ngor esponses qgﬁgrlses the step of causing a user to
to res Ive sai d fury%er conflicting responses.

1

oo 0 rul RO A R

CHAYREMUE,

&R her prevai

wherein said step of resolving 2
t her conprises the step of
I ng group in response to natural

| anguage text 1nput erftered in 4

user to be asked to | ve said fur
42. A met hod ac '
said first age
characteris

| earning t ut ur

DO - A6-UPCHAIN
CONTRADICTIONS RESOLVE IN

g. further conprising the ste

response to said step of causing a
ther conflicting 5 responses.

97,92358
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3 whi ch mat ches that of said subject nessage arewithin the domain of

responsi bi | |
group. 1 W&’”f}sessl

conprising the step of 2
the agents in said network which can 3
handl e a nessage,

43.

to unl earp24ppy i nt

erpretation policy 4

of said at |east one agent in said furpoBmusgwEssH | i ng
A nmet hod according to claim42, further

said firsggaggnt instructing at |east one of
I nstruct said first agent to
which calls

for the second agent to rofte to said first agent nessages having said 5

pr edet er m ned
met hod for usejw
of agents each\aa
conprising the steps of

ATTENPT AUTG- | L
eSB! Jress oo

a subject on

44,
e, 2
own domain of 3
e of said agents: 4

A conput er-i npl ement ed
for use further with a network
responsibility,

receiving froman upchan ageg%ng qguery inquiring whether said subject 5
R N e

nmessage is within tp€

receiving a conma
out put of said netwo
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Method and agent network architecture for pro-
cessing a subject message, where each agent has a view
of its own domain of responsibility. An initiator agent

which recelves a user—input request and does not itself Other.

White box szg

Input

have a relevant interpretation policy, queries its down- Agents

chain agents whether the queried agent considers such
message to be in its domain of responsibility. Each
queried agent recursively determines whether it has an
interpretation policy of its own that applies to the re-
quest, and if not, further queries its own further down-
chain neigboring agents. The further agents eventually
respond fo such further queries, thereby allowing the
first-queried agents to respond to the initiator agent.
The recursive invocation of this procedure ultimately
determines one or more paths through the network from
the initiator agent to one more more leaf agents. The
request is then transmitted down the path(s), with each
agent along the way taking any local action thereon and
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Other
Agents

passing the message onto the next agent in the path. In
the event of a contradiction, the network is often able to

314~
Other,

Other

resolve many of such contradictions according to prede-
termined algorithms. If it cannot resolve a contradiction
automatically, it leams new interpretation policies nec-
essary to interpret the subject message properly. Such

Agents

Reward
awards Agonts

box

learning preferably includes interaction with the user
(but only to the extent necessary), and preferably local-
izes the learning close to the correct leaf agent in the
network.
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