-5 . - SPECI FI CATI ON ‘MOBI LE OBJECTS,
METHOD FOR CCNI' RO_LI NG MOBI LE OBJECTS, METHOD AND APPARATUS FOR
GENERATI NG MOBI LE OBJECT GROUP, = 5 AND MEMORY NMEDI.UM FOR STORI NG
PROGRAM FOR GENERATI NG MOBI LE OBJECT GROUP

Field of the Invention 10 The presetrilt-invention relates to a data
processi ng net hod K for a conputer network, and nore specifically to a
nobile . agent technique. whereby a nobile agent is noved to a

renote server that exists on a ne%d&&hncﬁ distributed conput er
environment to prepare an inst he 15 renote server.
Description of the Background Conventional ly, there is a nobile
agent technique whereby 20 a.npbile agent is noved to a server on a -

network i NMOBILE OBJESITS, bUMESHODNPEOR! EONTEODNENG tMOPIEPAIGBIHTTS
I nstruction - (Japanese Unexam ned Patent Publication No. Hei 7 182174

(USP 5, GOMEKIQIQD ANIEaﬂé’?E%RAI'IﬁISerm GEEERA&‘EH@y MOBEHLE bBEBCT GROUP,
Ni shi %a "Susunmu__Fuj_iwar a kkei Conmuni cation 25 Extra
Ni

| ssue” Ni kKPP BHEORY LP@’DI% Fﬂ?n 156"051??5@ PROGRAM . FOR ~ GENERATING
- MOBILE OBJECT GROUP

' Field of the Invention

10 The present im__rention relates to a data processing method
for a computer.n_etwo'rk,_ and more s_pecifi'cally to . a mobile
agent technique whereby a -'mobile agent is moved to a
remote server that ex:Lsts on a network in a dlstrlbuted
computer - env:.ronment t.o prepare an instruction at the

15 remote server.
Description of the Background

Conventionally, there is a mobile agent technlque whereby
20 - a mobile agent is moved to a server on a ‘network in a .
'dlstrlbuted computer environment to prepare ‘an 1nstructlon
(Japanese Unex-amined Patent Publication .No. Hei 7;1821'74_
(UsSp 5,603,031), "Latest Internet Technology," Funiihiko'
lehlda, Susumu Fujlwara, et. a'l., lekel Communication

‘,25 Extra Issue, lekel BP Co., Ltd ; PDP. 104 to 117)



-2 Such a nobile agent is constituted by two essential

conponents, a "nobile agent" and a "place." The nobile - ' agent can
nmove between places that exist on a network, - -while the internal
sttate of the nobile agent is 5. naintained. At a place, the
nobi | e agent can contact ~ anot hergagent (another nobi | e agent or a
non- nobi | e agent), and can receive necessary services. The place is
provi ded by a server that exists on a network and that . .serves as a

| ocation to which the agent noves. The place 10 supports ~ contacts
between  &yehtsa mnblleelagen£tees constditbtedenbys itwoharedwand iadd i n
pl at f or ns. he nobi | e agent technlque enabl es the nobi | e agent to-
execut e maFrOF‘QBBPnt%s a sUBRbad et RIRanPBdad uskhefe- of 1Bhe meblle -

settings in u ccordapce _.w.,th tte ders
schedul es a Snthecégnp?tloyﬁeneﬁé{é %%rllt pcryl caéT EH e exj‘r’?etet Pﬁg 3o ﬁ% t he
acqui si tioghehedesined Hnt@rARLI ONstate otfhatthé ddbhhRut gy t hf‘i

net wor k. 20 Suppose a conventional nobile agent searches or open
peri o8s i nmblintadhedul es Zf a pplaaéjt\thd abbéddersgemtd can corkesta
reservati.on for a nmeeting room _ The nobile agent travel s ]

sequent i al PPOEREH pR&e@t o Pnridhehemobhker mdsnh or  acopesrimomd lehe

schedul es g at ders exists and | on__.concerning
he. hooki AGeRET - “RETIR Fistse RectaReby, Struafinds THeaptaders open
. periods angrb@ided by a server that exists on a network and that

' ~ serves as a location to which the agent moves._.The place

10 supports ' contacts between agents, - and - eliminates

differences in hardware and in plétforms.

The mobile agent. technique enables the mobile agent to
‘execute man 1abor jobs,_sUch as the dynamic adjustment of .

15 the setfings for _in—house' meetings in aecordance with
.. attendersf. SChedules ahd the employment conditions-_for
meeting rooms, and the.acquisitioq of desired information

that is distributed on the network.

f20 Suppose :a cohventional mobile agent searches for open
| periods in the schedules of 'a plurality of attenders'end
makes a reservation for a meefing room. The mobile aéent
travels sequentially from place to place: where 1nformat10n
concerning the schedules of the attenders exists and where
25 1nformat10h concerning the booking of meeting . rooms

exists; searches for attenders' open. periods and for



-3 ' unoccupi ed tinme periods for a'neeting room . tenmporarily

reserves the open periods of the attenders and the ' unoccupi ed .
"neeting roomtine periods; and finally searches for a time period
thhat is acceptable for all the -5 attenders. ~ If such a period

I's found, the tenporary reseramtion nust be reported to .the
attenders as a schedul ed reservation and a neeting room nust be
reserved. - However, when the nunber -of attenders or the nunber of -

10 avai l abl e neeting_ roonms is large, a time .lag occurs -
bet ween t hanagduriest thret pgpoieds foer ¥ atiest iagd roem; tempoygwridiy ed

reservation As are an agent , f n reservatjon for
anot her |n4ﬁiﬁﬁ¥Qﬁ¥H€hﬁyrﬁg?nmaP?rlBasth8§ the aitkendsgs wiss n the ch

avai | abl e. F'ﬁ{yé%%l@y @eéﬂ’l‘&dr%llnl Fllll[é BePanEW aﬁﬂeqflnall Ss'eca[]:hcehecsase

I f a plurali agents orm process/ I'n"paral
processi ng figd® g£antbge perloaedttcrect agl ta@cépif@olé?'at £bbe mahi | epgent
| ocks in for - tenporary.reservati ons can al so be shortened. Furt her,

when & proeddendests be p&Efosued ian pardlddel ibechosrdj t tilse Ziemporary
conplicated, it is necessary for a client site to transmt
plurality &@ﬁﬁHYQQ%Qﬂneﬂﬁ%ﬁtob%eqﬁ%ﬂ?FEFﬁy BRechhe tpétenders pﬁ@be§s|ng

f-or the [S%?l%(%llgl.’eé an Oaﬁ:l&pﬁ&]eddné&llpf room musire ]ig% n?sr%%%\tfe to. :

the clien process
performed using the results. o Al t hough there is a demand for

nobi l e agents that can
' : However, when the . number of attenders or the- number of

10  available - meeting rooms is .large, a time lag occurs
between the making of ‘the temporary reservation and the
scheduled_reservatlon. As a result, an agent for maklng a
reservation for another in—house meeting must wait, or the

‘time zone.within which available periods may be found will

15_. be shortened. In suoh a case, if a plurality of agents

| .perform processing in parallel;lthe processing time can be
reduced, and.the time that the mobile agent locks in'for
temporary reservations can also be shortened. Further;
.when a process must be performed in parallel because it is

20 complicated, it is necessary for ayclient site to transmit
a plUrality.of-mobile objects to sequentially execute the
proceSsing, for the results that are obtained 'to be
re-transmitted to the client site, and for: a desired
process to be manually performed using'the results}

25

Although . there is a demand for' mobile. agents that can



-4 : perforn1 parall el proce55|ng, a conventional Java base

‘nmobi | e agent ("Java" is a trademark of Sunimcro Systens, - I nc) can
not be split during processing to performthe - processing in parallel -
because this nobil e agent does not 5. support a function for noving
around a network while nalntalnhqg a processing. state. Al though a
Tel escri pt nobi |l e agent ("Telescript" is a trademark of General Migic
Inc.), can nove around a network while maintaining a - proceedi ng
state, it does not support a function. for 10 novi ng while

mai nt ai ni ngeuﬁmargerrpmraaldfear npriogessingoh & conventipaaflyr gaver Hesevities
for the executi on. agent ., can not be split
for paraII@Pbﬁﬁﬁté§%¢%® " JavaL 8 FEFgﬁmﬁEg q;eékﬁml?ﬁ%t SySEEMSat

per form par %.c' el cad® notprﬂge 1ng ag r&ﬁg c;ﬂf‘d sfi‘sn OEga'péPféﬁh
proce55|ng, S prepara I'on an I ires progran1 or

def i ni ng Procets&qn@e%ﬂ nﬁér@ﬂléﬂdbéaﬁuﬁéh%‘hh@ bl 2gent . aesr e e,

high |eve pr ogr amnm ng know edge is required
‘progr &nmer suppedtt he déustbpaent fof anpvigg amiowol ves nledwo(k while

i nvest ment of a great deal of tinme and effort.
Obj ect i vesmaintaining j & cﬁ’l‘”eOQﬂﬁ%’d?g ofStafe pr eRHERORGRNA ofelEssrdPtde a

25  mobil g ggqnt Lhaty cgnfg]teedst&%ﬁto- e O PEONORLPE SEPLAXERRY Magic Of

other resolrces “ddy ng execution
Inc.) can move around. a network while malntalnlng a

proceeding state, it does not support a function for’
10 "moving while maintaining management informationj such as
the turns of activities for the execution. As a result[

the mobile agent can nof be split for,para;iel processing.

Even for a mobile agent that does not perform parallel .
.15 'proceseing and that performs normal serial processing, its
preparation and employment requires a program for defining _
the destination and the behavior of the agenL._ Therefore,
hlgh level programming knowledge is' required ' of
programmers, and_the development;of a program involves the

20 = investment of a great deal of time and effort.
Objectives
It is one objeot of the present-inyentioﬁ to prdVide a

25 mobile agent_that_can reduce to the minimum the employment

of other resources during execution.



I't--is another object of the present invention to provide a nmobi | e

agent that can perform processing efficiently. . It is an additiona
obj ect of the present invention to 5 reduce the processing tine
-required for results to be returned after a nobile agent is emtted.
It is a further object of the present i-%wention to enable t he

devel opnent of a nobile agent without requiring a high 10 Ilevel of .-
progranm ng know edge. It is still another object of the present

i nvention to. reduce to the extent’ possible the effort and the tine

required tdtddwelampthemmbieclyef  thespresent| inyenkiepi tp PEPVHEE 2bbj ect
of the present..invention taq Jﬁ%ﬁ?ide a user-frieggagzpn 1] e agent
devel opnenfiopidgr agent that,can G RFCGISS M H- -t eve  oper  can

under st-and intuitively. -20 o - Summary of the Present

I nvention . According to the present invention, provided is a tenplate
(noder at or fenptat:g) MEEhtWbheh Bjddicabéd ted | pirieisemtl oinvé@bdtiom rabile
agent are sorted into basic activity patterns, and with which a

- desir&d actreduce paheerpréoesaingbitine required for results to be

returned after a mobile agent_is emitted.

It is a fﬁfther object.of the'present invention to enable
the development of a mobile agent witheut requiring a high

10 ~ level of programming knowledge.

It is still another object of the Ppresent invention to
reduce to the _extent ,possibie the effort and the time
required to develop a-mobile'agent; - | .

15 _ ,
It is a still further objeét‘of the present invention to
provide a user—friendly mobile agent development program
the .fuhctioningﬂ of which a developer can..understend
intuitively. ' | . R

20 |

Summary of the Present Invention

According to the present invention, provided is a template
(mederator template) with which complicated activities for
25 a mobile agent are sorted into basic activity patterns,

and with.which '_a desired activity pattern for_ a mobile



agent can

be defined using a combi nation of these basic patterns.

The tenpl ate manages activities for issuing . tequests .at pl aces
where a nobil e agent travels, as a . . predecessor (an activity.
executing a job at a 5 preceding place) and as  a successor
activity for '~ executing a job atg-he next. place). A
plurality of types of tenplates, such-as Chain, ANDSplit. ~and
ANDJoi n, are prepared in accordance with the novenment = 10 forns for a

nobil e agent. In accordance with the tenplate

is transm

and at the  next p

f or
(an

es, an instruction

. . . ... _typ .
sgedtt cathebavslafdngsbnysing gt comhinatippeef pFhese bL@sig n)

esti-nation).. onsge to,the.

| age _ In res
instructioﬁ?tFﬁEnﬁDbjIgﬁma tempd pFBPRaPES 2 HREL LAY €% o 1aRHRG
[USE8sEL0 at ClMits where AGCHIBNG {agRRE agpecbial the Ry esent

pl ace, or
i nventi on,

prov an obj ect, e obj ect’ being a menber 0

nobi | e obj pebdecesso@ OUfan t heci ey beifpg Op&iealitdnigd movejédbomag fid st

pl ace 20

to a second place under the control of a noderator agent

and tb exepueeedihior splaceviagpdatasheafisutcedsme amh aactivitsecdiat

activity at the second place, .the object, conprises: (a) a
predecesso?xFFEFlﬁgv?nQOLiﬁ Fhﬁbpﬁﬁki§HQQQenive ‘to the first
(b) a successor list having link 25 - information relative to

activity;

the -second-activity;’

the noderapoplagenttioof types of templates, such as Chain, ANDSplit

10

15

20

25

and ANDJoin, are prepared in accordance with the movemeht
forms for a mobile agent. In accordance’with the template
types; an ‘instruction is transmitted to.the mobile_agént
ét the former place (origih) and 'at the next .place
(déstination)._ In response -to the instruction, fﬁe mobile
agent prepares a clone, moves to another place, or fuses

clones.

Accqrding'to one aspect of the-preSEnt invéntion,.provided
is an object, the object being a member of a mobile object
group, the_group being'qpérablé to move from a first place
to a second place under the contiol of-a moderator agent

and to execute a first activity at the first place and a

second activity at the second place, the_objéct-comprises:.

(a) a.predecessor list having link information relative

to the first activity; (b) a successor list having link .

information relative to the second activity; and (c) a

moderatibn. module for requiring the moderator agent to

and - (¢) a . ‘moder ation nmodule for requiring



-1 " nove fromthe first place to the second place. The object
‘according to this aspect corresponds to a noderator _tenplate
in the preferred enbodinent of the present ‘i nventi on. 5
According to another aspect of the present invention, :
provi ded is an object, the object being7 nenber of a =~ . nobile object
group, the group being operable to nove from - afirst place to a
second pl ace under the control of a 10 moder at or agent and to execute a
first activity at the first place and a second activity at the
second pl agevet Hgom the fiotjteplacenpei the: seconyl péapeeded.’ésasmbjdc’tst
havi ng |ink formation relative to the I rst act|V|ty (b)

a . 9&@959&89 5%t nga$P%?t|n?%?ﬁ%f?%ﬂdﬁelgplvé frodes tom;
second aCtt htlgtgufg.%exﬁ:l%étﬁfeﬁe@f 3 r6$8&1mgﬁtér g‘fn' @%Ie resevr\qtet her

t he noderati o ace or second
pl ace; - angdnpve@kxioa.noderation. nodule for . requiring Lhe noder at or -
agent to nove fromthe first place © to the second place. The object
according to this aspect 20 corresponds to a noderator tenplate in

the preferred . enbodi nent of the. present I nvention. L
Accor di ng AEE°TEANIadEPt | Bﬁtheﬁsp%%Pech of hdhgyr @x@fient invendigdi on,

Pron ded | BBy o 8GE SN, (DR 201, 10 JRREAYL o0 "
moder at or magenk o@ﬂ@cﬂ‘hroup, the group being operable to move from
a flrst place to a second place under the control of a
-10. -moderator agent and to execute a flrst activity at the
first place and a second _activity at the second place, the
:objeet comprises:. (a) _a-'predecessor' list "having link
_info’rmation relative. to the first aCthlty,- (b) | a
successor list having llnk information - relatlve to the"
15 '_ second act1v1_ty, (c) a state manager for determining
whether the moderation module exists at the f.irst plece or
at the 'second -place}' and (d) a moderation module . for
requiring. the mbelerator egent to move from the _first'place
to the second place.' The _objet:t according to thJ.s aspect
.20 correeponds to 'a moderator template in the pfeferred.

embodiment of the present invention.

According to an additional aspect of . the p'i:esent
' invention, provided is a mobile object group, the group
25  being operable to move from a first plaee to. a second

place under the control ~0of a moderator agent and to



execute a first activity at the first place and a.second activity at

t he second pl ace, the object conprises: (a) a ' .noderator tenplate
including (a-1) a predecessor |ist having link information relative
‘to~the first activity, 5  (a-2) a successor |ist having link
information relative to | the secorftt activity, (a-3) a state nanageér
for determning . whet her the noderation nodule exists . in the first
place or - in the second place, and (a-4) a noderation nodule for

IS R AR U i R
det er i ni NGty W ot ofnd s éegﬂ&tpfgéév' the object Lhfpsacand acfiyigy and

t he noderator execution carrentl’y eXi'sts; and
(c). a pl amceaior Ortem é)late MERAG I AT n@aqb the fpx@:lec%‘éédi_rtﬂléﬁ'le
second-activity 15 the noderator tenplate for the execution.

Accor di ng th@neirfgjrﬂ.thak ans;@mmaﬁiamerprle@;e'me i bwerbhieonfirst aqiriovdtled is

a method for controlling ile .ob rqug t he group being
oper a¥ e t oanRle & o'ﬂacqw%qr plﬂa%% h@ﬁlngs&éekf ﬂ@éor@g‘tla frler]s"ttl% dF@ss
and to ec I [ d faddr t he
control ofthse soé]c'dom? gg%leraE%r g& f L g a?é @)?Z@ tg(% a %r IVII%%/ at
the Whdtse ! e z@dﬂb@aﬁm&nﬂo@ﬁlevekxsa&, ‘ihetﬁéC(Ili(i'sI@ %ﬂ%cé her

met hod conprising the steps of: (a) requesting - noder at or

agent to prigpathea décemid npbeke, noated at(er-4dgeat moderatﬂmm mgdiilek for
information relative to the first ‘activity and

_ requlrlng the moderator agent to move the moblle object

io0 . group from the first place to the second place; (b) a plan :
iterator for determining for which of the'first_activity,
the second activity and_fhe moderator template authority
for execution currently exists; and (c) a plan object for

managing turns of the first activity, the'second_activity_

~ .15 and the moderator template for the execution.

According to a further,espect of the present invention,
| pfovided is a method  fdr controlling a-_mobile\ object
group, the group'being operable to move to‘a first place
20 Sbecified by a first addfess; and té a second place
specified by a second address_ under the .control .of a
‘moderator agent, and to execﬁte a first aetivity at the
first place and a second activity at the second.place,.the
method comprising the' steps of (a) requesting the
25 moderator agent to prepare a flrst mobile moderator agent

having link information relative to the first activity and



- a §econd'nDbiLe-nDderator agent having link information relative to

the second activity; (b) obtaining the first “address; (c) obtaining
- the second address; (d) requesting that the first nobil|e noderator
agént nove to the first 5 pl ace; and (e) requesting that the second
nobi | e noder at or agent nove to t ie9second place. - . In clainms of
t he specification of the invention, the request for the preparation

of the first nobile noderator 10 agent and the second nobil e noderat or

ogent el egioh. poi 28L b SLAGLLT sy P SHARES PGl el gPoNe

to the € secon

l-dea that ong Hfifdersl ARS 5885nQ0RCRINARYS eeﬁ)heabtalﬁbﬁg the fifst or
to the second noderator agent wll nove to’the irst™ address or to

t he -secondadditk®ss, (candbdaiminge the secwondr addreagent(djurn'eaquesytheg ng
processed will nove to the . second address or to the first address.
Accor di ng tl@)at sﬂ:hlel figmft hepbidgpaaderston hégeEFeé‘\SWte 2 thenvehEsen,

d h
Perra Dper faTh e Fh BSPREFRS BIRPLhE second Mty € Riurd diarioer

to a second, pl.ac 6y toSPRE! Eb88ndbY¥1ade. Second address and to a third
pl ace @%GCI ?%% % athird b%{ddress under the control of a 25

noder at or agent, and to execute a first activity at the first place,
a second activity at the second place and a - '
- In claims  of the spec1f1catlon of the invention, the
. request for the preparation of the_flrst mobile moderator
10 agent and the second mobile moderator.agent iricludes not
only the preparation of two-clones_that'correspond to the
_ first.and to the second moderator agents; but also the
_ idea that one of the clones that corresponds elther to the
| first or to the second moderator agent will move to  the
15 ;flrst address or to the second address, and a mobile
moderator agent currently being processed will move to the

second address or to the first address.

Acbording to still anether aspect of the present
20 invention, prov1ded is a method ‘for controlllng a moblle
object group, the group belng operable to move to a-flrst

place specified by a first address, to a second place '
specified by a second address and 'to a third place
. specified by a third address under the control of. a
25 : moderator agent, and to_exeeute'a_first activity at the

first place, a second activity at the second_place and a



-10- third activity at the third place, the nmethod conprises

the steps of: - (a) requesting that the nobile noderator agent at
the first place prepare a first nobil e noderator . agent having link
information relative to the second. 5  activity and a second nobile
noder at or agent having link -~ infolfation relative to the third
activity; (b) obtaining the second address;  (c) obtaining the
third address; (d) . requesting that the first nobile noderator agent

f .. the.first place tq,the second place; ting that
10°° the &g ABELVERodlh aEbF AgUC nBIBcer f de (REChPRr dompr¥es I o
to the thind place. «(fe. £ 519, i opoef obile i vi't
at he seciT prGERP S (o) cqedirgie that GIT maRily MRERNRGEIYITY

activity atagdif: tétrehel @est place ASEaPaitdda E0rs@ mdbiillk nfoddhetor

aspect of the present I nvention, provided is a nethod for
control |l i nagentbbilaving 1lindhj eotfammipion hergraduiprebeitey & aldecand nove
to a plurality of places under the control of a npderator agent

and t @ exe@ftdHTERPPREpA a1®FNS | BPby gt megeTadoy roeny hagingesiinke

met hod conprj e st . fa) executing, coseoat asfi . . .a
first act :T@ix*%qﬁén’{}eof w?‘??ag{%eré? t% %inft}gi?%tl_%%}éf at‘gg o;b;t;anlt%ﬂf%
acquire fighd sPEORESSdAEess; (c) esBthShingblneeattestd nadabikaksthe(dy rst
mobi | e noder at or agent, which exists in the first place and which
hol ds t he r2ZFuestfingttipmiocdssi ijrstemobide mpderatoraagebtnthoyeackyom (¢)
executing, .at a_third place, a second. activity linked with-
the first place to the second place; (e) requesting that
10 the second mobile moderator . agent move from the first
place to the third place; (f) requesting éxecutidn of the
éecond activity at the second place; and (g) requesting

execution of the third actiVity.at the third place.

15 Acdording to a still further aspect . of the presént
invention, provided is a mefhod_for controlling a mobile
object group, the group being operable to .move ‘to a

'plurality of places_under_the‘coﬁtrol of a moderator agent
and to execute ‘an appropriate activity 'at_ each of the

.20 places,'the method compriéés the steps of: (a) exécuting,

| at a first place, a first activit'y linked with a first
' mobile moderator agent to acquire first Pprocessing
'results; (b} requesting ‘that the first mobile moderator
agent, which exists in the first place and which holds the

25.' first processing resu1ts, move to. a second .placé; (c)

executing, at a third place, a second aétivity linked with



a —“second nobile noderator agent to. acquire - second processi ng.
results; (d) requesting that the second nobile noder at or- agent, :
whi ch exists in the third place and which - - hol ds the second
processing results, nove to the second 5 place; (e) requesting that
t he second nobile noderator - agenﬁ at the second place transnit the
second processing - results to the first nobile noderator agent; and
(f) the- first nobile noderator -agent. at the seCOnd place hoIding
both the first_and &he S essjing resul

_ nd ; cl ai ms
the ‘specificatfoi o € n@%‘ﬁ?t% © tﬁ‘gen tl‘gﬁg}‘hlggl orﬁ%cforf(ﬁe

second r 0GR th nt
“to theIo first e’l%lbrqu%ééuﬂ’s qger qr agent udggenot on%iyqiti hEfe

transm ssi avddfrator agentp) aﬁhﬂ@ldeez@sys brt thleSthlhrel tolaneriaasd o,uihniht he

- contents 15 of the Results. ‘According to yet another aspect of the

present inbedidsonthe secqndvpyedessinga BREWGE, f BEVecdm r Shei reecendmbi-l e
obj ect oup, rou bei n erable to nove to lurali of 20

ohoeS  unddeleine (Ehn: FERUBRL AN drak othesgEREOREndITRELE T GL%%E%

appr opri at% ‘htﬂ Vit Yk e?&%br?& #EScB' %‘i’%?lsn\ﬁkte the se?EBhBO$ & the

st eps of : execut I Ng rst acti VI
linked w tﬂesuatsf K14 theomnest mobln@dnbate@etagerstgérw; NgnagqE) the

identification information 25. and acquiring first processing results;
(b) -reque§mnﬂ$ mobile moderator agent at the second:place holding
' both .tne first and:'the isecond:jprocessing resulte. “In
.10 claims of the specification of the invention, the
transmission of the :second proce551ng results by the
second mobile moderator agent to the first mobile
moderator agent includes not only the transmission of a

plan node copy, but also the transmission of the contents

15 of the Results.-

According=to yet another“aspect of the preeent invention,
provided is -a method for controlling a mobile object”
group, the group being operable to move to a plurality of'

20 places under,lthe control of a moderator agent and to

| ._eiecute an appropriate activity at each of the places, the -
method comprises the steps of: (a) executing, at a first
place, a. first activity linked ‘with a first mobile
moderator ‘agent having agent identification information

25 and acquiring first process1ng results, (b) requestlng

that the first mobile moderator agent, Wthh exists in the



that the first nobile noderator agent,. which exists in the

-12- first place and which holds the first processing results,
nove to a second place; (c) executing, at a third place, a -second
activity linked with a second nobile noderator agent having the
same agent identification information a2~ 5 that of the first nobile
noder at or agent. and acquiring second processing results; (d)
requesting that the second nDbile'nDderator agent, : which exi.sts in

the third Lac and mh ¢ch.h t econd, proce ng result no e

toche @ BABBE aecs ! Shly S dint g E R PR B R S BB b i
d t t [ d

Toaul 1s0f BT £ 4 N RERONL A0 (LT 20RELLELAG, SEEORT chizd o r?;}"‘eteﬁzé”g |

second - pl agecchar actwbilty mbdakatorwith aagsstorthvimpile sw@erator
-identification information as the agent identification information;
and (g) thegentsthamwisg ethQSSamﬁomtorldg@mfle@t;m seéomaml@@e a®l di ng

both the first and the second. processi resul t Accor ding
to yet atinaddi ef orkie fipstt QR T1¢ g8 r agen% rf’%ﬁ’n G iRg ded

I's -a nobil ac h t
first pl acg' 'qu)ha eco@%g)sln& Peggggganc?!&t)o %)Eécut e f| rs g(r:l{ér:)v%ég& t he
first placfobile ﬁé@eﬁaﬁ@ﬁo%e&tﬁ:’f | Wik ¥chat dyiestsecond tMeaC’@herhQJlfﬁ?élé| e

obj ect group conpri ses: (a) a plan object for managi ng turns of the
first actiandywlrght te lsks drite as:eccmdyprocessmg results, move to the

| second . place, (e) requestlng that the second mobile -

10 ”moderator agent at the second place transmit the second
processing results to the first mobile moderator agent;
(f) searching . the se.cond place- for a mobile moderator
agent having the same _i'dentif‘ication' informaticn as the
.agent identification infbrmation; and (g) the first mobile

15 moderator agent -at the second place holding both the first .

.'and the second proce551ng results.

According to yet an- _addit'iona_l aspect of the presernt
invention, provided is 'a_m'obile object group,. the _grcup
20 being operable -to move from a first place to a second-
place and to execute' a fir_s’t activity at the first place
and a second activity at the second place, the mobile -
object group _comprises_:_' (a) a plan object for managing '
turns of the first.activity and the second activity for
25 the_eXecution;~and'(b)‘a plan iterator for determining-fcr'

which of - the first activity and the second activity



25= the execution; and (b) a pI an iterator f or determining for ~ whi ch
of the first activi:ty and the second activity - '

- 13- _ ‘authority for ‘execution currently -exists. According to
yet one further aspect of the present ' i nvention, provided is a
met hod for generating a nmobile 5 objtéct group, the group including (|)
ca first activity to be executed at a first place, (ii) a second
activity to be executed at a second place, and (iii) a noderator

tenpl ate r e e move to the second

pl ace, the aut drcﬁ[tj agen%)g%cel?tng&gpé%%nt?g con%?gr the 10 novenment  of
the nobil e group at the Tfirst place, the - nethod conprises the
‘steps of: (a) generating, during the first . activity,. a successor
i st .contrZgording i nko  yet ioﬁernﬁutuherrebspactt(thtthernpmesemt
tenpl ate; (b) generating, nmeans - of the noderator tenplate-

a 15 preddvenigion, spregadgchi [al ﬁ‘!@ﬁhﬁ%rﬁﬁf—ﬁ FeReraRgt @ mobilene
first activi nd_a successor_|ist .contaj.ning i_nf.armat i on
related to qk?%e%ec%ﬁ‘du%ttfg's?t P OXRd J(n(,c)r1 R &JeLe?atfllﬁgft cﬁﬁqlhnq:%et%econd |
activity, %é)r@}&jé‘&,?éé&ra#'étflrst pEafbal niay 1 @eddﬁd)ra@élﬂrty sAalsd to
the noderator 20 tenpl a ccordlng to one nore aspect of the
present ‘i nwetddudied at a péovhdeplasep mpthddifigr sgemeiaatd tay abembldee :
obj ect grou the group including (i) a first act|V|t¥ to be executed ..
at : for requiring a moderator agent to move to Tthe second
place, the moderator agent belng operable to control the
10 . movement of the mobile group at the fifst' place, the
method COmprises.the steps'of: (s) generating, during the
first activity, a successor list  containing link
information related to the moderator template; (b)
generatlng, by ‘means of ‘the _moderator template, a-
15 predecessor list containing link 1nformat10n related to
the first activity and a successor_llst containing link
information ~ related 'tc' the second actiVity; and (c)
generating, during the second activity, a predecessor list

'containing link informationn related to the moderator

20 template.-

Accerding to one more aspect of the present invention,

- provided is a_method'fcr generating a mobile objecc group,

- the group .including (i) a. first act1v1ty to be executed at

25 a first place, (ii) a second activity to be executed at a

second place, and (111) a moderator template for requlr;ng



25~ a first place, (ii) a second activity to be executed at a

second place, and (iii) a noderator tenplate for requiring :

-14- : a noderator agent to nove to the second place, the
noder at or agent being operable to control the nmovenent of : the nobil e
group at the first place, the nethod cobfrises . the steps of: (a)-
generating a list for nmanagi ng turns of 5 the first activity, the
noderat or tenplate and - the second activity for the execution; (b)

Sener | 10 LIS agung, LSS ek, R e e
tenplate; mo@‘@rfd:or %%?Ec‘eﬁé‘iha e%blréead?f C trc}(i‘etktngnﬁl%%%ﬁn%t

ornation reIaEed to

t enpl at e, eSsSor contai ni ng
the first agfd mdmpéldgﬁoﬁycaesm@ |ﬁi&tst§q511@¢él) nghéi Akthod conprordens i on
related to the second activity; and. (d) generating, during the
second actmha3§tep¢w@ﬁece63brgeneratlng a &oﬁtafnrngahagnmqﬁuunnﬁ|Qﬁ1 -
related to the npderator Accor di ng still one
‘nore 5aspe@Pe(ﬁlr§%eaCE%EéEﬁt T mqqﬂﬁﬁﬁﬂ?ﬂFemRﬁQﬁﬁcﬁﬂ Qeeﬁ?cond

appar at us e | gr
I ncl udi ng af&fV1 %pfﬁggtnga% €§{ y 38)beb§§égﬁ ét ? l%gce
(i) a secgngst acta&lity,ty &o b§u§é§§§é§d atist seczsmt&ram; amlk(l i)

. a noderat or tenplate for requiring a noderator agent to nove

to the secdmdopnmedd,ont herebatedt ortcagebhebemogleapdicabl eteémplate;  clrit r of

-the novenent of the nobile group at the Llrst - : _
generating, - by “means of e moderator template, a
10 | _predecessor list containing ‘link information related to

the first activity and & successor list containing link
information related to the second activity; and (d)
generating, dﬁring the second activity, a predecessor list
containing 1link information related to the moderator

15 template.

According. to etill one more aspect of the' present
invention, provided is an apparatus fof generating a
mobile object _group,“ the group including (i) 'a first
20  activity to be executed at a first place, (ii) a second
activity to be executai at a second'place,.and (iii) a
moderator template for reduiring a moderator agent to move
to the second place, the moderatOr'agent being operable'to
control the movement of the mobile group at the first
25 place, the apparatus comprises: (a) means for generating, .

" during the first activity, a successor list containing



25 prace, t he appar-atus conprises: (a) means for'generatrng,
during the first activity, a successor.|list containing

link information refated to the noderator tenplate; (b) means for
geferati ng, by means of the noderator tenplate, a predecessor |ist
> containing link information related to-15- the first activity and a
-successor list containing link 5 information related to the second
activity; and (c) neans for generating, during the second activity,
a predecessor i,.st _cont ai ni ng Irng |nfo tion r Iat to CE
noder at or nk 1”?85&%59 n reiﬁgeg Pﬁgnl SEAtHne ﬁﬁ? Egpec tf the

present '”‘ﬁ?éﬁﬂé’”for oOSherS Brt‘i‘ﬁ g,y %n@ar?sO”Bgtlf: gﬁ%@:‘ atdl® Iﬁblh

storing a Aerating a ect group, e group
including (d) ﬁe&éééés@@t llwstty d@mr@mﬁulmkannaoﬁ:maeﬁon relatldcEs
(i) a secondpactrvrty to be executed at a second 15 pl ace, and (iii)
~a noder at dthe t éapkat eact oviteqaindi r@ aucceederrathrstagenntaonmnqe Yink he
second._ pl ace, _t he npder at or gent being operable to control the
moveneht  of LRFRXTAE 9% relatedgrt@ud'-k%ﬁ $9fe0n4 r 3¢ beE&r apde ﬁr)od‘r‘%ﬁﬁs

conpri ses: | (8%{}erat1 %rr% q‘tq'x f%écoﬁ]&t EBE&JVQQ EE%[ES dsd S

gener at e, rrng |rs §hccessy on arnrng
link Inforrﬁé@ncéﬁtaiﬁﬂnzgwlm mﬁtéﬂldﬁnﬁéﬁaeed(% the modleff&]i’@fn code
for instructing .the conputer to generate, by mreans of

nmoder at or tewmplaite, a .predecessor |ist cont ai ni ng Irnk,
information related to the first activity o

10' 'Accordin.g to yet one more aspect of the pre'se'_nt invention,
| provided is a computer-readable memory medium storing a
program for generatlng a moblle object group, the group
'1nclud1ng (i) a first act1v1ty to be executed at a first
place, (ii) a second act1v1ty to be executed at_a second
15 place, and (iii) a moderator templat'e for requirihg‘ a
~moderator agent to move to the. second plac_e., the moderator:
" agent being operable to qohtrol the movement of the mobile
group at -the first. place; the program comprises: @ (a)
program code for 'ihstructing the computer to” generate,
.20 during the first act'ivity, a sSuccessor list contalnlng
link information related to- the nmderator template; (b)
" program code for 1nstruct1ng the computer to generate,dby
means of the moderator template, a predecessor list
containing link information related to the. first activity
25 and a successor list conteining'.link'information related

to-_the second activity; ‘and (c)  program code for



25> and a sucCessoﬁ i st containing link information refated. to
“the "second- activity; and (c) program code for -

-16- o instructing the conputer to generate, during the second
activity, a predecessor list containing |ink information ~ related to
t he noderator tenplate. 5 -16- Brief Description of the

Drawi ngs Fig. 1l is adiagramillustrating a distributed network
environment whérein a nobile agent of the present i nvention
“noves. - 1

O, Fig. 2.1s di agram showi,ng an_exappl e for.m wherein.the
mobi | e egeﬁpﬁﬁéh?ﬁfq%vgﬁﬁ()omﬁﬁé FaérgsgePﬁﬁaggétrqﬁﬁ%% the 5B K
Fig. 31s g ﬁ?i%)g,' agr gpdddsd St | 19 SN SRR 9Y8%E information
arrangenment for a client” systemor for. a server system 15 according to
t he presentrdlatesd id. the moddigtod templateck diagramillustrating exanple

processi ng . conponents at the client site according to the present

i nventi on. Fig. 5is a block diagramillustrating exanpl e processing
20 onponents at the server site accordipg to the present .

i nventd on. Fi g. @4?553%%#@%%0%%%%0% S according to the
preferred enbodi ment of the present invention. - - Fig. 7 is a diagram -

showi ng an obj ect according to the . _
Fig. 1 is a diagram illustrating' a distributed network:

environment wherein a mobile agent of the .preSent
invention moves. _
‘10 Fig. 2 is a diagraﬁ-shoﬁing an example form wherein the
' mobile agent of the invention moves across the distributed
network.
Fig. 3 is a bloek diagram iilustrating_an.exampie hardware
arrangement for a client system or_forfa'serVer syetem
15 according to the presenf_invention. | |
| Fig. 4 is a block diagram‘illustrating example proceéSinQ
components at the clieht .site according to the present
inventioh; . | |
Fig. 5 is a block diagram.illustrating example processing
20 components at the server site according to the present
invention. | | |
Fig. . 6 is' a diagram shewing objects according te the
preferred embodiment of the preseht invention.
f‘ig.' 7 is a diagram showing an object accordin'é te the
- 25 preferred embodiment of the present inventien.

Fig. 8 is a diagram showing the flow of a message



25~ preferred enbodi ment of the present invention. Fig. 8 is a.
diagram showing the flow of .a nessage o

-17-- exchanged between objects according to the preferred
enbodi rent of the present invention. Fig. 9 is a diagram show ng a
user interface for a devel opnent ~1duapport tool accordirig to the
preferred 5 enbodi ment of the present invention. Fig. 10 is a
di agram shomﬁng a user interface for a devel opnent  support tool
according to rred gnbod i nent..of the Pr&s sent |n¥enti

fro 11 eteninfed PLRCBURER: gbigcTler AdbaiPin o Yo by RS ppf¥EREed"
. devel opment emSUPRNLAt 6P°£heaﬁfééghﬂgln%8nt38ﬁ preferred - enbodi nent

of the present I1nvention. - is a di agram showi ng the processing
accordi ng tPig. 9 tike prefdararge@nerrtmdam@t af uBerpr éaesrrageentoen a

wher eby an event is transmtted to a nobile agent-and is executed.

15 - Fig. 1developuestiart svhpairig tmlpro@@@@rm;ngor%@ddltr@a preferpedn
node to a pl n;gﬁ&ect egcording to the gre erred embodi nent of the
presemt in Ehg. PEASPRE IRYARRELPRal di agramillustrating an

CeTmle  FioSoNd g wheuthieag A PRe W istation shrnege 20
condi tion Vbif@&l‘@ldplﬁerﬁ)& ansappeet | xddinkegcabidipganteodehe preferred
embodlment of the present invention. | ‘ |
Fig. 11 is a dlagram show1ng a user .1nterface for 'a
10 development support tool - according ~to the preferred
embodiment of the present ihVention. o
'.Fig. 12 is a diagram showing the processing according to
the preferred embodiment of'the preeent inventien whereby.
an event is transmitted te a mobile agent and is executed.
15 Fig. 13 a flowchart showing'the proeessing'for.adding a
plan node to a plan object according to ‘the preferred
' embodlment of the present 1nvent10n | '
~Fig. 14 is a conceptual dlagram illustrating an example '
condition'wherein-a plan object is linked w1th‘plan node
20 objects. _ _ | T _ '

- Fig. 15 is a conceptual diaéram illustrating.an example:“
cendition-wherein a plan obﬁect is linked With plan node.
objects. ' |

" Fig. 16 is a conceptual diagram illustrating an example-
25 conditioﬁ wherein a-plah object is linked with plan node

objects.



object s. Fig. -16 is a conceptual .diagramillustrating an exanple 25
condition wherein a plan object is Iinked with plan node obj ect s. '
- 18- ' Fig. 17 is a flowhart showing the processing for
exécuting a plan object according to the preferred enbodi ment
of the present invention. Fig. 18 35 a functional block diagram
illustrating a 5 noderator tenpl ate according to the preferred

enbodi nment . of the present invention. "Fig. 19 is a conceptua

di agram | lﬂﬁf atj'h.pg fspl ace flowcha%orghtg\glnéo thE Iﬂrgzreegsri

enbodi nment present nvention I'sa Iomcﬁart

showi ng the Qi praceﬁihﬁg E%ﬁect aét@P@fﬁ&tOtotemﬂéﬂ‘bf@féfﬂeag to
the preferred enbo the present invention. S

a conceptudmbdﬂrmpnnnofﬂuhermréé&ntc:nwbmtrmn accordi ng to the
preferred enbodi nent of the present_ 15 i nvention wherein a nobile
obj ect gr g -movids fsonp afunctiongli gphogkacdiagrandestlpatrahipraca.

the pet er RERAIGt mERPe b Een FU RS t0° (Y, REEERR=Gher AP S NGB o
_obj ect grow%Iﬂﬁgﬁbféégﬂgﬂhnéghtl6ﬁlgln place to a destination place.
-Fig. 23 is a flowhart show ng the processing at the: origin of an
iteration trirpl atle ad@ord|ngohoepbaamre&Eagedm illustrating’ a place
according to the preferred embodiment of the present
invention. | | |
10 | Fig. 20 is a flowchart showing the outline_processihg for
| a moderator'template accordingrto the preferred embodiment
of the present invention. | |
.Fig; 21 is a conceptual diagram showing" the condition
according to the preferred . embodiment of the present
15 invention wherein a mobile object group moves from an
_ orlgln place to ‘a destlnatlon place. ' |
Fig.. 22 is a conceptual dlagram showing the condltlon
| according to' the .preferred embodiment of .the present
invention Wherein a mobile"object group movee ‘from an
20 or1g1n place to a destination place . |
- Fig. 23 is a flowchart show1ng the proce531ng at the
origin of an iteration template accordlng to the preferred
'embodlment of the present invention. '
Fig. 24 is a conceptual diagram show1ng the condition

25 according to the preferred embodiment - of the present

invention wherein a mobile object group moves from an



enbodi ment of the .present invention. - Fig. 24 is a conceptual diagram
showi ng the condition 25- according to the preferred enbodinent of

the present i nvention wherein a nobile object group noves from an
ortgin place to a destination place. ~ Fig. 25 is a conceptual

di agram -showing the condition - aL8or di ng to the.preferred enbodi nent
of the present _ i nvention wherein a nobile object group noves from an
5 origin place to a destination place. ~  'Fig. 26 is a flowhart

showi ng th%r&rgq?le ?L; rredtah%eStlnrrabtolddrgéh[J&% an ANDSplit tenplate

according toth t he present invention.

Fig. 27 ISqufIO%haié Sém\Mdi'ﬁ:etﬂthlegtl(iaf;QémdesI%MﬁQngtl@e Edndidrdent
node according to the preferred enbodi ment of the present invention..

Fig. 28 iescoxdingowdivar tthehownefdiredr emissiimprdt tdfe the pdesteiation -
. for an ANDJoin tenplate according to the ., - preferred enbodi nent of the
present i ni@fensdon 1whergiiy ayguobile 5 okjeGifc hGrPUPshBAVAY t Feor Afessi ng

at th _.destinatio for, the ANDJoi tenplate according to the
pr ef ot ed -SHISATTEIECS Khe Hetaa TR ase Fig. 30 15 a diagram

for expl ai mijRg the Oﬂsl'amffﬁoﬁcﬁhrt shoﬂﬁ%@esﬁhgg ﬁfoé@gsﬂﬁ%t'iﬁniﬂﬁbfc"

the. ANDJoin tenplate 20 according to he preferred odi nrent  of

the preseprigin fomeantANDSplit template accordlng to the preferred
embodiment of the present invention.

l Fig. 27 is a flowchart showing the logic for determining a

10 . current node accordlng to the preferred embodlment of the
present invention. ‘ ' _ _ .

" Fig. 28 is a flowchart 'showing the processing at - the
destination- for.'an fANDJoin. template according to the
preferred embodiment of the present invention. |

15 Fig. 29 1is a flowchart show1ng the proce551ng at the
destlnatlon for the ANDJ01n template accordlng to the
preferred embodiment of the present invention. |
Fig. 30 is ‘a diagram for_explaining the outline of the’
processing at the destination for the ANDJoin template

20 according to the preferred embodiment_ of the present &

~ invention.: | |
Fig. 31 is a. conceptual diagram showing the condition

'according to the preferred embddiment of tne_ present
invention wherein a mobile object _group.'moves froml the

25 - _origin-place to the destination place.

Fig. 32 is a flowchartn showing the processing at_ the



Fig. 31 is a conceptual diagram showing -the condition -~ =~ according
to the preferred enbodi nent of the present _invention wherein a nobile
obj ect group noves fromthe 25 . origin place to the destination place.
Fi.g. 32.is a flowhart showing the processing at the '

- 20- origin of an ORSplit tenpféd®e according to the preferred
enbodi nent of the present invention. ~+ Fig. 33 is a conceptual diagram
showi ng the condition _ according to the preferred enbodinent of

origin:plag ination pra “|"owchar

showi Ng  t REHRARRLY BE tHe WHesent irdRStimation for an ORJoin
tenplate according to 'the preferred enbodi mrent of the present
invention. FitQ 33 is a concebesali ptiagraefn tsRowing erthed Eoinaditient

A Distributed network environment  .and . hardware ~arrangenent
for each n@georgdng Of® d&hsodpFederred wEmbodmeddnt ofi nkbeti ®Fesfny now

be described while referring,to the accpnpanying.draw ngs. In

Fig. Dis SRORRCIOR SPPFERLRA elHBiR entPd Ehirertt OBy MOVES' (HFom, &% i ng a

mobi |.e obj et AGCHIHRI P e KRS Htion prddwention.  Places 102 through
. 50 .

107, where services can be provi ded for nobile agents 125, 135 and
141, are praparedd is a flowchart showing the processing at the

1he  PTer ek of BTGRPl RPLLRCOREE, 8 WA TRUES A (P

destination for an ORJoin template agcording to the

preferred embodiment of the present invention.

10 _
| Description of the Preferred Embbdiment
A. Distributéd, network environment and hardware
.arrangement for each node
15 One embodiment of the -préSent invention will now be

described. while referfing to the accompanying drawings.
In'fig. 1 is shown a distributed network enviroﬁment 150
fof éxecuting a'lnobile object according fo'_the present
invention. Places 102 through 107, where services can be
20 providéd for mobile égents 125, 135 and l4l,lare prepared
| in servers 112 through 117. - In the distribﬁtéd network

environment, a group of such places is called a crowd.

A plaﬁner agent 113 exists in a client system- 101 to
- 25 generate mobile agents. Thé planher agent 113 transmits a

generated plan to a moderator agent 111, which executes



inservers 112 through 117. In the. distributed network o
environment, a group of “such places is called a crowd. A pl anner
agent 113 exists in a client system101 to 25 generate nobil e agents.
The planner agent 113 transmits a %enerated plan to a noderator agent
111, which executes —el- -21-

the plan, so as to nove the nDblle agent to a designated . pl ace.

The nobil e agent 125 can contact other agents that exist at the

i gf?é ageQ':tﬁ h:\%f%{’]’o&gaesa(s E@?I\r}?ggémtgg mob}1 alelli%nt to.a Pg{resclﬁgaﬁﬁé aand :

can transmﬁla&§quests and. receive resul ts obtained as a consequence
of the request. .. The places support the contacts between the agents.

- The 10 nobi | e agent 125 can hold Results.'139, 143, 153 and 163,

which are the results obtained as a consequence of the . requests

recei ved frigvg ancbitier a&@@rtt 12%hi ﬂénc@:ﬁﬁtﬁ@:ngﬂﬂtﬁr agenggyvéhat mEiHer.,

i oL B as R et S Ra o, nbtn  BPiIE ARy (& AdSHE [
this '”Ve”tdrféﬂz BH%aPE'E e”% B‘zobltl éﬂ%t'a?xgi a{{B‘fimrrPées a £§Peéa'1s°f a
l e era

nobi | e agent are contro at es 18 t hrough 187.
A user can eiliddie anar heusdr 29gent)3nplaatcﬁs claf atmndmmte vednbeste tagpes of

processes, and can easily define a conplicated job such as is shown |n
receive results obtained as a consequence of the request.
.The places support the _contacts between the agents. The
10  mobile agent 125 can hold Results 139, 143, 153 and 163,
which are the results obtained as a consequence__ of the
requests received from an actor agent, while continuing to
move. Further_,' during movement, the Results can be
synthesized or divided, ‘or various other processing can: be

15 performed for the Results.

In this i_n‘v'ention',_ the._moveme_nt, ‘the splitting. and the
disposal of a mobile ‘agent are controlled by moderator
templates 181 through 187 A user can'c'ombline various
20 templates in accordance w1th the types of processes, and
can easily define a.compllcated job ‘such as is shown in

Fig. 2.

Fig. 3 is a schematic diagram illustrating the hardware
25 arrange_ment' of each no_'d'é (a server or a c¢lient site) that

exists in the distributed network environment shown in



Fi-g.. 2. Fig. 3is a schematic.diagramillustrating the ‘hardware 25

arrangenment of each node (a server or a client site) that exists in
~ the distributed network environnment - shown in :

-22- 'Fig. . 1. Each node 100 includes a central processing unit-

(CPU) 1 and a nenory 4. Across a bus Z23he CPU 1 and the menory 4

conmuni cate with a hard disk drive 13 that serves . as an auxiliary

menory device. A floppy disk drive (or a 5 menory nmedi umdriver, such

e e kg, P PN hdde 109, 3RRINREES (AN S ol Buy T LARRY I ok

controller a menory meditum su s an MO or
a | §nlnge N0 theddapny Wisk drive @0y 12afd t8e
'_corrpute‘rC[)g)??/g/\/a%eam{giora Mgg‘lgfggorat Fng - wth an 'operat ing system
when gi vi ngeddriNat cuginugn ch@et ke tGPd hamil disk drive ak3obpatskhenyeshe
present invention is recorded on the fI%ppy di sk, .or _the-hard disk
drive 13, asdannaulxdlR@vylgemory davitCeenpdt &l 0Byt WSk 3 ¥%RcéPEd apy

loading it into the 15 " nenory 4. ' The conp r soft eLAan .
conpr essedteBPr¥gfredium QEJ‘H?GY desdl_qhnt 3%a %Ftﬁ(gl-lofy %:‘A@%o?‘pﬁ%n?{? o Be
recorded of,,nect8gPLET #hbt Budf 2’_78‘1'aaa floppy 818k BeA®roiueemy 100 can
al so incloge cHsef “Interface 20 - hardvare. Exanpl e user interface

har dwar e conponents are . ~ a pointing device (a npuse, a joy stick,
etc.) 7 and a '

A floppy disk.(or a memoj:y medium, such as an MO or a
Cb—ROM). is inserted iﬁfo the floppy'.disk,'drive 20, and
10 computef softwéfe for cbllaboratihg with an operating
- sySténl when giving an insfoction. to the CPU 1 and for
accomplishing the. present invention is recorded on the.
_floppy disk, or the hard.disk drive 13, and in the ROM 14.
.The computer software is executed by ;oadihg it-into the

15 memory 4.  The computer software can be compressed, or can
behdivided into a plurality of portioné to be recorded on.

a plurality of media.

The node syétem' 100 can also include user interface
20 hardware, Example uéer intérface hardware compbnénts are
-a pointing device (é mouse, a joy-stiék; et05).7:apd a
keybbard 6 for data input, and a display 12 fdr providing
visual data for a'user. - In addition,'a printer can be
connected to the system 100 at a -parallel p&rt 16. The
25' node systém'loo, which can have a nmdem connected to a

serial port 15, is connecte_d'with a network via the serial



. keyboard 6 for data input, and a display.lz for providfng-' vi sual. data

for a user. - 'In addition, a printer can be connected to the system
100.-at a parallel port 16.. The 25 node system 100, which can have a
notdem connected to a ' serial port 15, is connected with-a network via
the seri al -23- - 23- port 15
-and a nodem or via a token ring or, a communi cat i on adapt or
18 for comuni.cation with another . .conputer system - 5 It can be

easi |y under s{ |Od1§2ﬁ~t§‘utd(;re Epr g@ﬁ%lﬁgnvg@t iqn.can, .., be ]':al%feyr e‘v&gurgy a

common peﬂ%on _ er ~( _ _morks?atron, a gener al ose
apparat us, minePePtiGhi QHaptor B8 1H6rt WGwuniddtPuhd the BRbeHethat

t hese conponents are .only exanples and that not all of themare .
necessari | ycolfuter espasted. for the present invention. Particularly, since

a - server can be renote controlled, a user interface is not

required for the server, and only basic data processing : functi ons,
such - U and a_nenor, and-a conmnuni.catiqn ' function,are :
equirad. it G Benegsily, BRgeEsEREN TEbOHe PreTeRt Lotrehihacan
Server  peSYSERILGEA D§AN PPeLahhdY SpateBhhhat drs agsépndagd |
GJ  nutti-wndow environment, such as WndowsNT . (a t radenmar k of

M crosoft Gesykstatiowpvadgencaal-atepask efppatditusy wosaftomSonation
VVndom537x<Eéa trademark of Mcrosoft = = - Cbrg.), G5/ 2 (a trademark of
| BM Cor p.) Khey fdvige. (alt should_be noted that these components
~ are only éxambles and that ﬁot all df'theﬁ are necessarily
10 required for the preéent invention. Particularlyh since é
server can be remote controlled, a user interface is not
required for the server, and only.baéic data procéséing"
.functions, such as a CPU énd_a memory, and a éommunication
functidn are required. |
15 | | o
- An operating system for both a ciient syStem‘and a server
N system can be an operating.system that supports a.sfandard.
‘GUI multi-window envirqhmenf,' such as WindonNT' (a
: trademark of Miqrosoft Cofp.);'Windows§5 (a-trademark of
| 20 Micrqsoft. Corp.),  Windows3.x (é' trademark of Microsoft
Corp.), 0S/2 (a trademafk of IBM_Corp,) or-X—Windows (a
trademark bf-MITy on AIX (a trademark of IBM Corp.); an
operating'system in a.character based environment, such as
PC-DOS (a trademérk-of IBM Corp.) or MS-DOS (a trademark
25 of Microsoft Corp.); or a real time OS,.Sucb as 0S/Open (a

'tradémark of IBM Corp.)'or VxWorks (a trademark of Wind



trademark of MT) on AIX (a trademark of IBM Corp.); an - operating
systemin a character based environnment, such as - PC-DCS (a trademark
of -IBM Corp.). or M5-DOS (a trademark 25 of Mcrosoft Corp.); or a real
tife OS, such as OS/ Open (a | trag_sqe_lrk' of IBM Corp.) or VxWrks (a
trademark of W nd ' . ' - -24-

River Systens 1Inc.), and is not limted to a specific ~ operating
systen1enV|ronnent B. System Configuration 5 The system

confi gur aty;Qfey Okyst efld €Phc, fNd :H{d 3 Sehyer llmlte@CQ:(H dangspeci fec
preferred enbodi mént of the present - invention will now be descri bed

while refaparatging yocdm envirshmeians in figs. 4 and 5. 10 Fig. 4is
a block diagramillustrating exanpl e processing conmponents in a
‘client system 210. A pI anner agent 211 i ncl udes a pl an definer 213

and a pl an I%é?eneraé £ The plan I D generator 215 allocates a
uni que netfw on l%”ﬁ?‘ib% plan. In the preferred enbodinent of

the py ese”ﬂhe 1§mseﬂrér?]nve%5h%&gu§:g%ln%1 NokD Qer@ffé% %ﬂﬁ Syt h Si g&svar URL

Cfor an .agent ocate to a

pl anner agRdor@itty a fg‘@rlﬁle n%ﬁ@ﬂeﬁ]@édocﬁﬁmﬂﬂﬁ@@t“d@ athe pbpéssner
agent generates a plan |D) to.generate a plan ID 20 The plan_ definer
213 acqui rigsventiooler widl twvplle edee8rib¢d whilks referving tazpsbléekm a

plan node_, library, 2?1, alnd : generates a noderator agent and a
. d 5 - . , .
plan. - TRE-aF%ARS HR figs. 4 and S. ) -

10 Fig. 4 is'a block diagram illustrating exanple processing
components ln a client system 210. A planner agent. 211
includes a plan definer 213 and a plan ID generator 215
The plan ID generator 215 allocates a unique network plan'
lD.to a plan.. In the preferredfembodiment of the present .

.15 - invention, the plan ID generator 215 synthesizes.a URL for
-the Intefnet/ a port number, .an agent ID (allocated to a
.planner;agent) and a serial number (allocated each time a

prlanner agent generates a plan ID) te generate a plan ID.

20' | The ,plan; definer 213 acquires a moderator template 203 and
an act1v1ty 205 from a 'plan' node library 201, and
-generates a moderator agent and a plan. The plan thus
generated ‘includes a  plan construction se_ctien 223 for
managing infopinati-on for a lmode'rator -template' and an

2.5 activity to be executed,'.'“ and_ an order 1list 225 for

defining the order for a moderator template and an



geferated includes a plan construction section 223 for - _'nanaging'
information for a noderator tenplate and an 25 activity to be-

executed, and an order |list 225 for defining the order for

a “noderator tenplate and an " '

- 25- activity.- The plan f@%ﬁétruction section 223 has .
information for correlating plan node objects (the general ' termfor
noderator tenplates and activities) and forns'a net wor k t opol ogy

23L. 5 ‘aotivit§l 0o 5 rRed fmnliopahskifek idhadr &8iibist 3ty ngpgxanpl e
processing conponents in a server system 250. A mobil e . object -
group 270 imetotiestbonvderacerragerttinddblan rdda objects obilest g@fidrad .
noderator tenplate 271 and an activity 281. 10 The noderator agent 251
“has a nobi | eergefor] iMadexafdie templategomiycol aefivEBiest angl dfowxcat er
255. The th'Ie.Egent : life cycle controller 253 controls the
nmovenent , d%%éw%ﬁ topologynd3disposal of the nobile object group. 270.

The plﬁn - executer 255 ascertains arrival at a new place,

and 5. instructs the plan object 261 to execute a plan. The
plan obj ectr2§l BnGlsudestangt 8An&XeblbtRn ddemiradl | ETlustratingbexamptar r ent
node 267 and an order |ist 265. Wen- the ' pl an execution

control | er pPeGessengi vompdenths t e aplservel) systewmutay0.255A imobhde
ggceiglrjfl ;['8;] _acggﬂ%ggfé’gp%%z%%%r li%tcll%gés a modtegatg)n(:e.cau(}eent azgll?n’a_ é?gnp_l an

object 261, a moderator template 271 and an activity 281.
10 The moderator agent é§1 has a mobile agent 1life cYcle
| controlier 253 and a plan exenuter 255, The mobile agent
- 1life cycle controlle; 253'cdntrQIS'the movement, copying

and disposal nf the mobile-object group . 270. - The plan - .
'EXecuter_ 255 ascertains arrival .at_'é _newl'place, -and_

15 - instructs the plan object 261 to execute a plan.

_Tne plan object 261'includes_a'plén execution controller

263, .a current node 267 and an order list-265; - When the

plan execution controller 263 receives .from the plan

: 20' executer 255, in the_moderator égent 251, an instruction
to éxecute a plan, the plan execution controller 263

refers to the current node 267 and the order list 265 and
determines which -plan node dbjedts 271 and 281 are
currently available. to perforn the execution, and then

25 requests the plan node objects 271 and 281 to exécute the
plan. | | -



refers to the current node 267 and the order |ist 265 and
determnes which plan node objects 271 and 281 are
currently available to performthe execution, and then 25- requests the

pl an node objects 271 and 281 to executg t he . plan.

- 26- . The current node 267 corre ﬁbnds to a plan node iterator
‘which wi-ll be described later, and nonitors which plan - node obj ect
is being executed. The order list 265 is a : list for specifying whi ch
pl an node o a 8 xggut,e a*F%b
branchi ng gg%ﬁréarg%ﬁt Abae gg?%?:éﬁgégéﬁﬁf ﬁ& b H%ﬁbﬁler i'n”tThe order
list 265 thghich wiRllanbBodtesyasds 24ateand 284 acromrtealtseswadcho skesut e

t he pl an. 10 - The noderator tenplate 271 includes.- a noderator
agent nedet pbijeet 273, baipyaexscupedkeculbe @rsleamdlbmt aadﬁes@ a

"referral section 277 The npder at ent control | er gfests

that the nobi$k §Qé"ntSIP€‘r“TJef36’;}?:¢ewbéﬁpr Lah pgde obJeqtﬁ t%?elrrea@r
agent %51 e, t%op%géuéé%%%e ;gi?ﬁne d%@u?? i | a&?ér?fﬁ grgléﬁr%m in tTEe

pl an step executor erent I N actordance 'w

type of accdPdh8é Oi tBMRhal @%it ran b rEages tnét begkrons sthatesrend o

be ‘executed at places before and after the novenent. The addr ess

referral sestamnn@d@ ebgyectes2dh addr @84 faremreguezed dut iaxdquianmdthe _

notifies the noderator agent controller 273 . of an.address to which to

nove. plan. _ . . . . ' ' ‘
10 " The moderator template 271 includes a moderator agent

" controller 273, a .plan étep executor 275 and an address
referral section 277. The moderator agent controller 273
requests that fhe mobile égent-life.cyCle controlier 253
in the'moderatgr égenﬁ 251 mové, copy.orfdispose_of the

- 15 mobile object group 270. The plan step executor 275 is

Qdefinéd. differently in accordance with the .type of
moderator templates, and manages instructions that .are to

_bé_executed'at places béfore and after the movement. The

_ address referral section 277 acquires an address'from.an

20 activity and notifies the moderatgr agent contrdller 273,

of an address to which to move.

The - activity',281 has an activity exécutor 283 and a
message'function 285. The activity executor 283 stores-
25 instructions that are .executed. at respective placés to

'whicthhe mobile agent traveléi and the Results that the



The activity 281 has an activity ‘executor 283 and a . 'nessage-

function 285. . The activity executor 283 stores 25 instructions that
are executed at respective places to ' whi ch the nobile agent travels,
and the Results that the , -27-
nobile agent obtains at these pl acéd- The .nmessage - function
285 exchanges nessages with an actor agent 291. - The actor agent 291

i s another agent that exists at the 5 place, and provides services as
request ed t:he activi y 28 ct gn nt 29 as ge
function Z%k}ﬂ% ééeﬂﬁ tabn%g %r%ssgggggw ?%a@%é acti \J)Tl réy. E%ﬁga“?h% a
hessage funcﬂrcﬁ@eﬁ@s)rei&%ﬂ@és Qﬁé@éé@éé\'wﬁ'ﬁtﬁ hen "E@pb PG @ént hBoToNntents

of a request and for providing service. - The functional - bl ocks
in Figs. 4 +and 5 have been explalned. These functional bl ocks
are | ogi cal functi onal . _blocks, and are not .inplenented by a set of
har dwar e orThe actoxofgfate. %&méﬁerﬁ@th%@g@%ﬁ thake@Fishe afpltdifent ed
1 ound hardware. gL ftware co onentsst % B% t%rdware. t or
soft re c nt G sREOV 88m’?§r1fVlcels df TEOT; “Fidt Gy he

functional yjocksthe BlGSr 4dt 5291%5@% rn?é’ssa%e fuﬁ@fléHEZDﬁesf‘cﬂzt

i nvention. . For exanple, the order |1st is not particularly
required becalsmdimgy cuessagesodd th20the maogevi2§7 2@l ecdnd aamagssagrir rent
nodes and because in - the ANDJoin process, etc., . only a noderator

agent . for processor 295 for ascertalnlng the meaning’ of the contents

_ of a request and for prov1d1ng service. .

iO .-' _ ; - '
The . functional blocks in Figs. 4 and 5 have been
explained. These functional blocks are logical functional
blocks, and are not 1mplemented by a set of hardware or
software components. They can, however, be 1mplemented by

"15 °  compound hardware or software components, or by hardware
- or software coﬁponents used in common. In addit_ion, not
all of the functional blocks in Figs. 4 and 5 are required
for the present invention. For example, _'the order list
265 1is not parti_cularly required because the current node

20 -mange':'r.~ 267 dir_ect_iy manages cufrent nodes and 'be'.cause iﬁ
the ANDJoin process, etc.,_ only a moderator.agent for

obtaining other Resul-t_:s need be determined.

C. Object configuration' .
25  Figs. 6 and 7 are diagrams illustrating a mobile object.

Classes for a moderator agent 303, a plan 305, a plan ID



obfai ni ng other Results need be determ ned. C. bject configuration
25  Figs. 6 and 7 are diagrans .illustrating a nobile object. -

Cl asses for a noderator agent 303, a plan 305, a plan ID

- 28- 309 and a plan iterator 3Q% _each has a nethod, and cl asses
for tenplates 321 through 326, such as pl an node 311, an _ activity
313, a noderat or tenplate 315 and a Chain 321, . have data and a

met hod. 5 In Figs. 6.and 7, triangular synbols 302, 314 and 316
i ndi cate thago data ang1 aRt hedeapbrt Be7uRBeh. HadS EMetdd, and  EDBSsEEed
and a black dot 312 indicates that a plurality : of | ower classes

exi st. Thio | mempibalee 81321 whhrcbugh 286, 18uchabst maglan assie d@flneanboth

t he nuderator tenpl ate_cl ass - 315 and the _activity class 313 by
using a SRty 313, @ eppdesatorTHamtlaite 3iRe and o Ch@din ¢33l

handl e bo cl asses g uaIIy for the generation of a plan or durlng
the H&&é%dﬂ??ﬁl 3 ﬁb A %Dbl|e agent 301 is a function
(place class) currently ) prQV|ded at respective .places in a- -

di stributed conputer ‘environnent. A user can easily create a npbile
agent I nwdekat o6 agent ¥, biyrisergliler t eytviod scl 388, arBIAP| anidor3180
|nstruct|ng the preparation of a nobile agent. At

indicate that data and methods of the upper classes are
inherited and a black dot 312 indicates that a plurallty'
of lower classes exist;_'The plan node 311, which is an
10 abstract class, defines both the moderator-template class
315 and .the activity class 3313 by usiug a  common
interface. . Therefore, the. plan 305 can handle both
classes equally for the generatlon of a plan or during the
executlon of a plan.
15 .
| A mobile.agent 301 is a function (place.class) currently
: prov1ded at respectlve places in a distributed computer
environment. A user can easily create a mobile agent
'(moderator agent) - by sendlng to thlS class an API for
_20 instructing the preparation Qf a moblle agent. At
'-present,_this function is supported by both the Java base
mobile agent and the TeleSCript mobile agent;'which were

described in "Description of the Backgrouud".

25 © The plan node class 311 has a successor 1list and a

predecessor 1list, and manages a relationship among a



présent, this function is supported by both the Java base -'nDbiIe

agent and the Tel eScript nobile agent, which were described in
"Description of -the Background". 25 The plan node class 311 has a
successor list and a . predecessg&_ list, and manages a
relatlonshlp anong a ' - 29-
pIurallty of plan nodes. The plan node class 311 provi des - nmet hods .

for "setPredecessor" and "setSuccessor, and defines the

rel ati onshi,nhghween J104e%n rﬁ)é@e?C' fTHePbﬁ&n node eq@%sclaqqsml&@@tlfy .
the rel ationshi ps between nethods. Since the noderator tenplate
cl ass 315 methodsl edfon t h"Bb&Predecesebu:\ll t yard as8s@tSuthetsos, ¢xecarigd at
different places, the noderator tenplate class 315 has state

i nf or mat i oAleffdnes the dreipdonshipg katwaenyi nodes. pld%esﬁéﬂéféQﬂRkQQnt)
froma 10 destinati on fter vene n the er.red
enbodi ment R8PS & aﬁﬁeéﬁﬁi]&ﬁvﬂﬂﬁﬁbﬂﬁl rhi&ﬁwﬁ%ﬁﬂﬁen ﬁggﬁ%ﬂsonly be

couplgd with-an activity object. Chai n and - other tenplates are
provided for the noderator tenplate, so -that a basic nmechanism for
di vi di ng wgilkceamprg motieddtor ptemel aty cDésssSPLbt ismedepded wiagenilse
etc. can. be provi ded. ‘ Fig. 8 is a diagram show ng a primry

flow for rres;sage@y clas$ oBlBhdhdtastes executdion gt odi Aifepeptemlstes,

enbodi nment
. t%e mederator template class 315 has state information for

distinguishing an origin (a place before movement) from a

10 destination (a plaee aiter motementf. _Iﬁ-the preferred
embodiment of the present'invehtion, a.modetator tempiate

can only be coupled with an activity object. Chain and,

other templates are provided for the moderator template,

so - that a basic -mechanism for dividing' work among 'a

15 plurality of.'split moderator agents, etc., can be
provided. | .

Fig. 8 is a diagram showing a.primary flow for messages

~for the ciasses according te.the preferred embodiment of

20  the present invention. The moderator agent 351 transmits
nextStep (an instruction for the execution of the  next
step) to a plan 353, Upon reeeipt of this instruction,

the plan 353 transmits nextStep to a plan node object fa
modetator"template 357 or an activity 355f The activ1ty

25 - 355 transmits sendMessage (a request for transm1531on of a

message) to an . actor agent 359 to_lexecute a request



20 the present invention. The noderator agent 351 transnits

nextStep (an instruction for the execution of the next step) to a
~plan 353. Upon recei pt of this instruction, - the plan 353 transmts
next Step to a plan node object (a noderat or tenplate 357 or. an
activity 355). The activity 25 355 ¥ ansnits sendMessage (a request for -
transm ssion of a " message) to an actor agent 359 to execute a .
request o - _ - 30- desi gnat ed by

a user. In : e th me ! s AN h Lt t he
‘nmoder at or gggrr%pgtg g@%?‘ﬁft 1;aar’ﬁlfsgrréflrt's %?%Cé%gﬁiﬁe(.gl%:?agg%ﬁ glselggﬁggot nd of

an addressindorthsMeoedtion, tHEBMIdMMator OtehpPeatactivTt ¥rad®hits [N
addition,. the 5 noderator = tenplate 357 transmts- clone (a

pr epar at i ogetARL (ar dquesiicfs iorc|ameand dd € pan caddteasdi spatch sMagkest )
and . di sP{Qs'e (a di sposal r.equest&yto t he noderator agent 351.

D. Prepar atP8kdngprant& et agbiviByp| der agelt i-@AdALEABY r udhicon

groupcto b t ed i ent site. t i nst ti are
execufed, 1%8%%%%0% g%gﬂpg?ﬁ:gn sggueggag%mé%ﬁodgﬁ\gﬁ%r 2%en§§9§%%P§§§% tted,
and a pl anrgbiest for deftnbRg) 2 seid®st@l a6t i 4i5p8EchO requestPeamiecut ed
is generated and transmtted to a noderator 15 agent. - As is :
descri bed dlepeset Ha didepabdr regeetst)s tge idveatmedldnator agesripl3HA ng
functions (place classes) that are currently provi ded for the
respective pl aces. In the preferred 20 - enbodi nent of the present

invehtjon,D; Blepalhtioh®bf planner agent’
10 A planner agent is an instruction group torb,e'_executed'by
| a client site. When fhe -instructions are executed, é
generation recjuest of.a.l'nodérétor agent is _tfaﬁsmitted,
and a plan object for defining a series of activities to
be executed is generated and transmitted to a nibderat_of

15 'aéent.

As‘i'S' described above, tiie moderator agent is generated by
employing functions (lplace classes) that_ aré currently
provided for the'-respectiv'e places. . In the preferred
20  embodiment -of the present invention, = an API for
| instructing the preparation of a 'Iﬁobile agent is'
'_transmitted to. the Agleté class of a Java base mobile

agent to generate a moderator agént.

25 The plén production process is. roughly classified into a

procedure for generating a plan ID, and into a procedure



instructing the preparation of a nmobile. agent is ' transmtted
to the Aglets class of- a Java base nobile - agent to generate a
noder at or agent . 25 The plan production process is roughly classified
into a - procedure for generating a_glan ID, and into a procedure

for establishing the [linking" condifﬁgﬁ relative to an obj ect
| ocated .at a position | ower than a plan object. - In the preferred
enbodi ment, a unique plan IDthat is -5 specifically determ ned by a

gl obal net i ety the 1fidkidcP! 8BnoRkeEh rblathgePr ehershd
embodi ment \,,PC%JEe %%nﬂ j%igl D egené}r atlorg{o 21%1 h('_Fi'g. r4?a, .prgpa?es S a
plan ID kybject losybédestzangositbnf vowbhethaheanptian abpect . nunber,
an agent ID (allocated for a planner agent), .and a serial 10
nunber (allocated each-tinme a planner agent produces a plan ID).. .
Exanpl e codj ng .used by the plan | D generator.-215:is shown -in Table 1.
In the prefetr eenBBS?ﬁﬁﬁ?%ofeW%d%P%%’%nt alSuanH%er%‘ﬁ, Ihetradt r48ti on

group 1 the,pLAR LD BNt igen oy 8 RIAKACd 8ByarRT QU o PALkeLaT 2

user. . _ anner exte
StationaryAgents p2@n objedd. vate Ehénpréféﬂred embodimedt,Vaife plan

Pl anner Frame f; - .
: ‘" ID generator 215 (Figf 4) prepares a plan ID by
synthesiiing a. URL for tﬁe Internet, a port mimber, an

‘agent 1ID (_allocated _fo_r ‘a planner _agent) ’ and a serial

10  number (a;locatéd each time a planner agent produces a

'blaanD)..

Example coding used by the plan ID generator 215 is shown
in Table 1. In the preferred embodiment of the present
" 15 invention, the instructibn group of the plan .ID generator

is provided as a program part for a user,

[Table 1]
public cléss Planner éxtends S£ationaryAgent{
20 private Plan _plan; |
' private PlannerFrame f;
private URL _home;
private AgletIdenﬁifier _ia;'
private int  planIndex = 0;
"~ 25 _ public'void_onCreation(Object érgs){

//generate window to select plan



pri'vate URL _hone; ' private- Agletldentlfler id; - . private
int _planlndex. = 0; 25 public void onCreatlon(iject args){

/I gener at e wnndom/to sel ect plan ~

- 32- - f = neM/PIannerFrane(éé - PIannerAgent" t hi s);

f.show(); , try{ qui re URL where pl anner agent
exi sts 5 “hone . getAgIethntext() getkbstlngURL()
/acquire planner agent ID ' id getldentifier();

}Jcatch(Invali d@gl—eﬁwwérﬂieﬁx{]a%e (ej'JN&T - O%am{g di%é e or 'Eﬁfé])h‘ S,

e. get Message()) sh ain tenplate.
in the plan f.shaefji;ner 213 (Fi.g. 4) is enployed. - In one node for the
15  preferred enbodi nent of the present invention, sanple code

including a teyyllate type is provided for a user _

progranmer). . The user re-creates a desired coding using the
sanpl e code to//@GEYHS URls(WhRls dhlainRip.agent eXlﬁt bl e 2] . public

voi d %o?lanl(){ _home = getAgletContext().getHostlngURL(),
//acquire planner agent ID |
_id =_getIdentifierf¥;
}catchkInvalidAgletException e
Utility.print(this,_e.getMessage());
10 "} o

Table 2 shows coding when Chain "template in. the plan
definer 213'(Fig. 4) is employed. 1In one”mOde'for-the

15 | preferred embodiment of the present invention, sample code
| ~including a. template type is provided for a user_ (a
programmer) . The user re-creates a de51red codlng by

using the sample code to fo:m_thls 1nstruct10n group.

20 [Table 2]
public void doPlanl () {
//generate plan objeet-
Plan.plan = new Plan(generatePlanID());.
.//genefete activity
25 Activity actl, act2;

~actl = new Activityl"atp}//kazu.yamaﬁoto.ibm,com:434/",



/I generate plan object Pl an pl an =new Pl-an(generatePl anl X)) ;
//generate activity 25 Activity actl, act2; - actl = néw
Activity("atp://kazu. yanmanoto.i bm com 434/"

- 33- "JMI. sanpl es. TextFleIdAgent" neM/-

Message( Acti vity. REQUEST)); a = new

Activity("atp://"+ _hone. get Host () +":434/",

"JMI. sanpl es. Repor t Agent ", ném1Nbésage(Activity.REPCRT)); ‘5 / | add
activity and f. éﬁéfeé?TQﬁ@PieldA%e 5utﬁ Vector .

predecessorln etessor | ndexLi st = new Vector();
/| add Chalﬂﬁé§@£¢@{ﬁctDvﬂtyﬂREé@EST)), I nt eger- hwdl = pIan.addNode(nuH

new Chain()); /ladd actl to plan
_predecessorlndeﬂtﬁst ad@EWewﬁnﬂKthMQ“atp //"+ home q¢tﬁ@@ét)+ﬁmﬁ34/
pl an..addNode( pr edecessor | ndexLi s Chai n
Penpi ate o PrhrampISs. RePOEFJéa@eE o RPYICUREPFe BREHEALNERBRORES ) Y
B{gﬁegﬁzigd}(pr%dége%gor Eﬁé@ﬂ?gée to planChalL?gfgerZBMUs i /ladd act 2
to plan try{ - '
Vector predecessorIndexList;
,predeceséorlndexList = new Vectorfy;'
-//add Chain template to plan
10 _ Integer hwdl = plan.addNode(null, new Chaln()),
. //add actl to plan
predecessorindexList.addElement(hwdl)}
Integer hwd2 = plan.édqude(predeéessorIndexList,
| actl); | | _-
15 //add Chain témplaté to plan
' .predeéessorlndexList.removeAllEleménts();..
prédeceSsorIndexList,addElement(thZ); | |
Integer hwd3 = plan.addNode (predecessorIndexList, new
Chain()); . | | '
20 //add act2 to plan
n predecessorIndexLlst removeAllElements(),
predecessorIndexLlst addElement(hwd3),
Integer hwdd = _plan.addNode(predecessofindexList,
Cact2); ' |
25 }catch (BlockedByIteratorException e) {

- Utility.print (this, e.getMessage () ) ;



predecessor | ndexLi st. renoveAl |'El enents(); o ' -
predecessor | ndexLi st. addEl enent ( hwd3) ; L I nteger hwd4 =

pl an. addNode( pr edecessor | ndexLi st . act2); 25
}catch(BIockedByIteratorExceptron e){ ' Utrlrty prrnt(thrs

e. get Message()); -34- - 34-

/I gener at e noder at or agent cr eat eModer at or Agent (pl an) ; - 5

In another node for the preferred enbodinent of the - present

i nvention, pevelopnent support tool is provided to enabl e a user

to easily performthis coding. Figs. 9 through 11 are di agrans
|IIustratrwggtﬂgygtérﬁéuéﬁgxbfcﬁgeﬁ@ a devel opnent support tool-
according to the preferred . enbodi ment of the present invention. A
user can easi | yreateMademteAgdmt gbbaw) codi ng for the plan definer by

usi ng: t he devel opnent support tool. 15 Since the devel opnent.
support tdol constitutes .a well known net hod provided by Workfl ow
Autong;ron ("Workfl ow Aut onmation" is a trademark of UItrnus LLC
Corp.), .etc. (information can be acquired at

http://wwy tidRsthé®Mnode  foet Gehe 39@@ fdFedBadiiod MmACEONPE | Sthag the
function will 20" not be described and only the procedures per f or med by a

user - w || lperesegiitai imdention, a development support tool is provided
'to enable a user to ea51ly-perform this coding. Figs. 9
through 11 are dlagrams illustrating 'a user 1nterface for

10 a developnent support tool accordlng to. the preferred.
embodiment of the present 1nventlon A user can easily
generate the above codlng for the plan deflner by u51ng

the development support tool

15 Since the .development sopport tool constituteS' a well
known method providai by Workflow Amtomationi("Workrow
Automa‘ti'.on" is a trademark of Ultlmus LLC Corp.), etc.
(:Lnformatlon can be vaulred at http: //www ultimusl. com,
etc.), spe01flc means for ‘accomplishing the functlon will

20 not be described and only_the procedures performed by a

user will be explainhed.

Fifst; a ueer selects Create 371 from.a pulldown menu, and
clicks on it using a pointing device. The planner'agent
25 development support tool then displays a dialogue box for

inputting the name of aVEﬂen. - The user can therefore -



‘First, a user sel ects Create 371 fronfa?pulldomn menu, and - .clicks on

it -using a pointing device. The pl anner agent 25 devel opment support
tool then displays a dial ogue box for inputting the name of a plan.
Thé user can therefore _ _— 5; _ . - 35-
manage the plan with using a nane that dffers froma pl.an ~ IDand is
easy and familiar to the user.. \en the user enters the nanme of .
the plan in an entry box 374 and . depresses an OK button 373, a plan
definition ydaw 889 plan withOR8RRE 3 name tRAUIIEFdNE PROMtANG1ILRVI Ce,
the user drags an activity ~ plan icon 399 from a pl an node box 390 and

drops it iribhend is ¢uhey dadi Manidiad ndewtB80.usekhen, Wasn stishousern
Fig.. 10, 10 an activity proggrty_editor-wjndOM/381 is opened.. -
Entry boxesshibrran the i peiy nafe G582, PdmddResannfRt an Pox 374ddpBds for
a place exeguting an actiyjt 383, act or agent, nane, 384 a.
nessage 38§%R%e%§%?)a?8d qf{)'r]g‘%weorﬁgﬁgacﬁ wign p986é811§1881 twsﬁ%dgaﬂ%l.
The user i ts, _ as desired in the respective entry boxes, and
clicks an g? <§péﬁ‘é&ibutton 386 to define the activity. ' Simlarly, a
Chain icon 391 is dragged fromthe plan node 20 box 390 to a position to
the right of or under actl in the ~  plan definition w ndow 380, and is
dropped thé#e. usingt ihe poiniingedevdceentidi neper dragshen ppretémity
Inventlon’pfﬁﬁ”&céﬁ 399 from a plan node box 390 and drops it in the
plan definition window 380. Then, as is shown in Fig. 10,

.10 an activity prope?ty editor window 381 is opened.

Entry boxes for an activity néme-382,'an address name (an
add:ess for a place_exécuting an activity) 383, an actor .
agent name 384, and a messagé 385 are prepared for the"
15  activity properfy editbr Window.SBi. The user inputs'data
as désired in the respéctive entry boxes, énd qlicks'an'OK _

button 386 to define the activity.

Similariy,“a Chain icon 391 is dragged from: the plan node

20  Dbox 390 to a.positidn to the right of or under actl in the
- _plan-defihition window 380, and is dropped there. 1In the
preferred 'embddiment of the present -invention; when a
;téﬁplate icon other than ORSplit is dropped, a template
propérty editor window is not displayed. When an -ORSplit

25 icon 1is dropped,' however, the template property editor

Winddw is displayed, and the selection conditions for an



teripl ate i con ot her t han ORSplit is dropped, a tenplate property
editor window is not displayed. Wen an ORSplit 25 -icon is dropped,
however; the tenplate property edi tor ~ window is displayed, and the
selection. condi tions for an 36 S ' - 36-
activity are input. Then, as wel [ actl, an act2. . '
activity is dragged and dropped to the ri ght of or under: t he Chain,
t hereby setting a property -5 Followi ng this, the user clicks on and

sel ects twa@biecty are +d., o8éa; 378s ad 1IChaign adt®) &A thetpl an

definition w ndow 38 that are to be linked, and selects Link 379 in
an edit neractivihen, ishertggeobjand sdaoepednked ttmgerirgalnt of or (@nder
successor |ist and a predecessor |list are.generated). 10 When al | of
the obj ect sthr@aidon thekehly t Bethry, atREOPerty-user clicks on o

- Construction 397 in the plan definition wi ndow 380. The pl anner
agent devel opnent support tool g adds the elenents to the plan object

to gengrat %‘@lmmrthﬂ? tREC0ker lleSV\Bﬁn ale d8RIE 16k QB EXegut | Oh-_

398 in the plan ini'tTon w ndow 0, - an event |stransmtted
to the (e abt Al raextmlaawmerandagenalnarmﬂe) pliacethel asban adediletion 20
agent is. generated, and the planner agent generates a plan - _and
transmits iWindpy h%a%ﬁba‘ét ereadentbe limpeedmdendt 6elects Link 379 in

an edit menu. Then, the two objects are linked together
(a. suc-ce.ssor list and a 'predecess_or list are generated).

Lo - : : : | :
When all of the objects l'have been linked together, the
user .clicks on Constructlon 397 in the. plan definition ‘
window 380. The planner agent development support tool
adds the elements to ‘the. plan object to generate a planner -

15 agent.

When the. user clieks ‘on IExecption 398 in the plan
definition window 380, an event is transmitted to the
obtained planner agent .and a___'place 'class, a m'oderator
20 agent is. generated, and the planner agent"generates a plan
and transmits it to the moderator agent. The moderator

agent automatically executes the received plan.

This process~is shown in Fig. 12, An event -that has
25  occurred in the plan definition window 380 is transmitted

to a planner agent 470. The planner agent 470 analyzes



‘agéent autonatically'exeCUtes the received blah.' This process is

showmn in Fig. 12. An event that has 25 occurred in the plan
definition window 380 is transm tted © to a planner agent 470. The

pl anner agent 470 anal yzes '37' : ' -37-

the event and executes object -code that corresponds to Tables 1 and
2, thereby beginning definition 472 and construction 473 of a
pl an. A plan 477 that is thus generated is transmtted to the
noderat or aggrat hdnt WANGh ex8cutés WHjeaxeedtes @ash ol @pdrds ptan.

In the preferred enbodinent of. the present invention, - after-a

pl an obj ect Takhiebeeh pampar2d, thee sy a[hetgy.mn‘lnpj adef1n1t10nodé§2maynde

added by using nethod "addNode" in the pl an cl In_ addition,
after the ﬁPﬁﬁtrBEFééfl %43 ofeed -Plan. pre%alpeldm 57BI Lﬁfhﬁ?t)}softbllﬁn

nodes may be _renn

class - and g?ﬂgrageg éuggg&sg’rﬁ:lt gjt tirﬁr’gb:r}bed I?Pp%aﬁ ermggéqt-%s'i hew%?&ﬁ on

of plag .  in Butn &eeh@ag @Ecﬁa%%epnowmtﬁa ghain. tenplate is included-
The processi ng whereby the planner agent shown in Tabl es 1 and 2

gener at es a pI an object wll now be expl ai ned by “enpl oying, as an
exanpl e, E@an object that includes a 20 Chai n tenpl ate generated by
t he devel op ntt%%lerﬂ?QfQWd embodjment fs theenprespnhi ntavenkien, -

i t o h 11. 31 fl h [ the
;soggglsin%g gF r gsplan object ra%'u%een prepa(;i:ed1 3 pfurafmgyacr)% p?

nodes may be added by using method "addNode" in the plan
10 ©  class. .In_addltlo_n, after th_e plan object_ has been
. prepared,. a plurality of plan nodes may be removed by
using method "RemoveNode" in the plan class and the

successor list may be updated. '

15 . D Generation of.pl_an .
| D-1. .Topoloé_ry of casé in which Chain template is _included.
"The pr_océssing whereby the plariner agent shown in Tables_ 1
- and 2 generatés _a plan object will now be e:xplain'ed by
employing, as an ex.ampls_e, a -'p'l_an, pbject that includ'es. a
20 .Chain template generated by the 'devélopmerit 'suppo'rt tool,
| which has been explained while re’ferring to Figs. 9
through 11. Fig. 13 is a 'flowchért for the prdcessing for
adding a 'p_lan_node to a plan object, and Fig. 14 is a
conceptual diagram illustfating a condition where a plan

25 object is linked with a plan node-(_)bject.



addi ng-a plan node to a plan object, and Fig. 14 is a ,I concept ual

diagramillustrating a condition Wnere a- pI an 25 object is linked with a
pl an node obj ect. : - 38- o The
Chain tenplate, which is the S|rrpl est tgﬁpl ate, links two activities
in different places. In the origin, . Chain receives an ARL
(address) for an activity of a - successor, and: noves a nobile
object group to a 5 destination. The origin place and the -

- desti natlonrrpéaeﬁal g&xét%e lef8H CBL - the simpYB8R tendlAnner: ageat is
executed, first a p ect gener at ed and a plan.IDis set. :
Next, acti vy abjteertltEi%@ i dlméréﬁ(ﬁ plicds condin ttihe arilgdh, atlee
generat ed.- As is : shown in Fig. 14, a nane 521 for an agent for
which . Chairvinareives eqiesfRE, (addaeds bsst®p3 arf opciiFatyer of ora

execution, and the contents 524 of a re %%Ptc are tor di

h
activity. FHEFRIWanpPRd n BPYES 14"’1 t 1¢vi £P3I I%’B‘f"é‘&t sté?r e
prepargd. d%iBl_naE%&(lﬁgai o ée rr]r%?a? ‘Q‘Eeacar}]d’ ' E?(eOWe%Ctﬁia%rl%élzzxﬁfcg in a

pl an obj ect
later, is ey yedidentduple the. two act|V|t|es. 20° Before the -

activities are stored in the plan obhj.ect 510, -an el enent after which
these activities are coupl ed nust be designated. For this reason, a

redecessor |nde : ' '
P ' hen t ianner agent is executed, first a plan object. is

generated and a plah ID is set. NeXt,_actiVity object 520
10 and 540, which constltute a plan, are genera{:ed As is
shown in Fig. 14, a name 521 for_an agent for which
service 1is requested, an address 523 for a server for
execution, and the-contents 524 of a request are stored in
each activity. In the 'exaxﬁple in Fig. 14, two aetivity

15 objects are prepared.

FélleWing this; the two activity objects are stored in a
plan object 510. A Chain template 530, which will be.
'described later, is employed to couple the twe activities.
20 Before the activities are stored in the plan object 510,
aa element afterlwhich these.activities are coupled must
be designated. For'this reaéoh, a predecessor-index list
515 is employed. In the preferred embodiment of the
pfesent invention, fhe predeCessor index 'li_st -_5_15 is

25  implemented as a list.



515" is enpl oyed. “In the preferred enmbodiment of the present

I nvention, the predecessor index list 515 is 25 i npl enented- as a
list. - 39- - Wen the
predecessor index list 515 is generatedeQ t he pl an object 510, the
pl anner agent adds the first activity = obj ect (actl 520) to the plan
object 510. In Fig. 13 is - - shown the processing for adding a. plan
node to the plan 5 . object 510. The pl anner agent exani nes the

predecessoryhen thel "ﬁkeéﬁéééés&ﬁlhaeﬂetlefs“& ”Slﬁheité‘eéeﬁérﬁ%d' tif styacant
(block 803). Since-actl 520 is the first el enent and

predecessorplamlesbiést 516, lthenpuﬁnnemthdﬁﬂllaﬁdﬂﬂhnbtfnrst acalviap node
list 513 (block 815). - The pl an- obj ect 510 10 returns,. tao the planner
agent, an |¢hEﬁctn(@ﬁ§1p53@)ndd% the plapj obiscE G reEGrﬁﬁﬁhlue3(b$ock

817). Thi ft th rogram trol is. return bl ck 8

t hi )s caseer shown ' tpﬁd%@““(ﬁsqls'{)gr e?ﬁFn@dio‘ﬁs‘ga ?EP&PH \lf%ﬂ .tg t‘?‘i)lovm ng
this, d&h bjzegt 53 | ' this
Lhis dhe S5l eoPkAe. S30ks Aliatd oA Manines (AU Srtoddfessl |

exan nes . tiedgx eli¢e@sSBAS5 to detiedttdnd iwhebilort ordaic nige wheva€aner not
it is enpty (bl ock 803), and since actl 520 has been registered, 20
progr am conthitcladi@dtes Sanglo@ctd05520 Als bEbek£1885. ig¢ment andothea

check is perfo med whet her, or t he elenents

i.n
- predecessor®} FFIE 5§@eﬁa§é5%e345pﬂdbé?§%ﬁy cti 520 ls adﬁed to
: a plan node-llst 513 (block 815). The plan object 510

10 returns, to the-planner agent, an index in the plan node
list 513 as a return value (block 817). Thereafter, the
program control is returned (block 819). In this case,

index "0" is returned as a return value.

15 Following this, the Chaih object 530 is added to the plan
object 510. In this case, the processing in Fig. 13 is
_'restarted. The planner egent examines the predecessor
index list 515 to determine_whether or not it .is empty
_(block: 803), and ISince actl 520 has been 'registered,

20 program control advances to block 805. At blocks 805 and
| 807, a check is performed whether or not 511 the elements

in the predecessor index list 515 have been processed.

Then, the Chain object 530 is added to the plan object 510
. 25 (blook 809). First, the return value'"p," obtained when

actl was added, is entered into the pfedeCessor index list



Then,-the Chai n object 530 is added to the'plan object 510 25  (block

809). First, the return value "0," obtained mhen actl was added is
entered into the predecessor index |ist

- 40- o 515 in order to designate actl (520) follomnng which the
activity 'is coupl ed. predecesé@ index list [0] = 5 - The Chain
object is added after. actl. The plan object 510 stores the Chain
object in a successor list 529 in actl, which 1is designated in

t he predecesﬁpr [ ldst ;y%% bl 80 [ tored
in the predecessrcl)r8 ?éf_ﬂd;de ? ?%%icﬁg?g)SS%bH&éﬂgﬁ%nﬁﬁiéh Elﬁally,-

Chai n 523 |§ctﬂihtysi@r@@upneahe pl an node |ist 513 of the plan object 510,
and its index is returned as a return val ue ("1" in this ' case) to

t he pl anner ag@medecessor Nestex bhisR (840) is added to the plan object
510. First, 15 the predecessor index list 515 is cleared
(infornation .- concerning actl is cleared), and a return value

(D) } e, i e th |
pr_edecsessor I naiex ﬁ!@gﬁi# %Qh&?ﬁagf@{%& %Clttg adgmﬁ';l fafpﬁ e?EeS%:Ral n.
As well as dtheres theC@IR N dhfedihain, a tdiR-dds8bPOD] E6E 5@©!ﬂﬂﬂéétlhe
act 2 object in the successor list 529 for the Chain designated
in the pred€U6550ns ndesigngtteBl 5ipbl ok §oFdecedwwiimglex 1istthbsd the
Chain tQr n redecessor |ist 531 in e
! 's Sf%locﬁ 855? The%? act&sls stdredlln the predecessor list
531 of the Chaln 530 (block 811). Finally, Cha1n_523 is
10 stored in the plan node list 513 of the plan object 510,
- and its index is returned as a retﬁrn value ("1" in this

case) to the planner agent.

Next, act2 (540). is added to the plan object 510. First,
15 the predecessor index list 515 is cleared (information"

concerning actl is cleared); and' a return value (1)

obtained when the Chaln was added to the plan is set.

predecessor 1ndex list [1]

20 Then, act2 is added following the Chain.  Bs well as the
case of the Chain,'tHe pian object 510 stores the act2
object in the successor.list 529 for the Chain designated
in the predecessor index list 515 (block 809). Following
this, the Chain is stored in a predecessor lisr 531_in the

25 act2 540 (block 811).. Finelly,'ect2 is.stored in the plan
node list 513 of the plan object 510, and its index is



25 act2 540 (block 811). Finally, act2 is stored in the plan node
list 513 of the plan object 510, and its index is _ '
-41- .returned as a return value ("2" in this case) to the:

pl anner agent. D-2. Topology of,,case in which Iteration
tenplate is- 5 i ncluded . Fi g. fE'IS a concept ual dlagram
illustrating the condition - where the plan object 510 is linked with
t he plan node . obj ects. These objects are linked in the same manner

as f oret@PREQYYaHT a2 eagrhN whied t{e'Chainn tRIBl adgsds tH) the

i ncl uded. It should be noted that, as is shown in Fig. 15, ran
Iteration tehphate &Féntncl udes a return index 575 as i nfornation
for a loop return destination.  In the- preferred enbodi ment of the
present invention, a value for “the plan object 510 in the predecessor

index list /K15 t cor onds .to Hi& S ] ct ain
550) is Bé pfl?%gf%%yre? rnQ%edeXmS lcthl'arit(?% g\lvsggm?i % ggh
- exanpl g forlﬁcpﬁagaer agent for topol.ogy of a case in _ whi ch the
Iteration tenplate is included. 20 [ Tabl e 3] public void
doPl an2(){ Fig. 15/ dsner alonaepdimal diagrdi anlphsiratiwg the condition
Pl an(gener at ePl.anl D()) ; //generate activity
where the plan object 510 is linked with the plan node
objects. These objects are linked in the'seme manner -as
_ for topology of a case in which the Chain template is
10 inclided. - It should be noted that, as is shown in Fig.
15, an Iteration template 570 includes a return index 575
as information for a loop return destination. In the-
preferred embodiment of the present invention, a value for
the plan object 510 in the predecessor index list 515 that'
15 corresponds to a return destination object (Chain 550) is.
set in the return index 575. Table 3 shows a coding_
example for a planner agent for topology of a case in

which the Iteration template is included.

20 [Table 3]
| public void doPlan2 () {
- //generate plan _ |
Plan plan_= new Plan(generatePlanID());
//generate_activity |
25 ' Act1v1ty actl, act2;

actl = new Act1v1ty("atp //kazu yamamoto. 1bm com:434",



25" Activity actl, act2; " actl = new
Activity("atp://kazu. yamanoto.i bmcom 434", =

-42- "JMI. sanpl es. Text Fi el dAgent", new

Message(Acti vity. REQUEST)); : act2 = new
Activity("atp://"+_home. get Host () +": 43242~

"JMT. sanpl es. Report'Agent", new Message(Activity. REPORT)); 5 /'] add

“activity and tenplate to plan _ try{ " Vector
pr edecessordpdexli sty . eq§§§orlndexList =-new Vector();
| nt eger hwdl™ = ’ﬁaﬁlffd%efe%Fnlu .]Id,A(ﬁ%r\;P\'/gChal n()); 10 o
predecessom - @loti@ARMeAR @s\ﬂ,ﬁmt,s(): - ' _
predecessorlndexLiE%%addEleneé?{h 1) - | nt eger hwd2 =

pl an. addNode( paet2cessardwndaciistity ("atp: /d¢1lhpme . getHost () +":434/",
pr edecessor | ndexLi st. renmoveAl | El enments();

15 ' .
pr edecessor W desamplespdiERarihqantdy) new Message (Agthielfey . RERERD )

pl an. addNo redecessqr | ndexLi st,. new Chain());

Dt e gossor ! MSK B o iR ISR (59 P1an -
predecessorlQg@&List.addEIenent(hmdS); 20 | nteger hwd4 =
pl an. addNode(predecessor | ndexLi st act 2); I/ Create a

StringlLengt hl t eNaidtor toarguleatess duyr Tt I8 thyg

predecessorIndexList = new Vector():;

1

Integer hwdl = plan.addNode(null,-new.Chaih());'
10 .'predecesSorIndexList.reﬁoveAllElementé()r
predecessorIndexList{éddElement(hwdl);
Iﬁteger hwd2 = ﬁlan.addNode(prédécessdrlndexList, .
actl) ; ' | : | |
predecessorIndéxList.remoVeAllEleménts();.
15 . predecessorindexList.addElement(hde)}
Integer- hwd3 = plan.addNode(predecessorlndexList,“new-
Chain()); . | | |
prédecessorIndexList,rémoveAllElements()}f
_prédeéessorlndexList;addElement(hde); |
.20 | - Integer hwdd4 = plan.addNode(predecessorlndexList,
act2); | . | | | | ‘ ' |
//Create é StringLengthIteration templéte by specifying
the return node. - o |
// : .
25 StringLengthItération iteration = new_StringLengthIte
| ration (hwdl); - | |



theé return node. /1 25 . StringLengthIteratTOn iteration =

new StringlLengthlte . ration(hwdl);

-43- - predecessor | ndexLi st. reaneAIIEIenents()
predecessor | ndexLi st . addEl' ement (hwd4) ; _43— Integer hwd5 = pl an.
addNode (predecessorlndexList, itera - tion); 5
}catch(Bl ockedByl teratorException e){ . CUility. prlnt(thls

e, get Message() ) ; ' /I gener ate noderator agent .
Createrderat0rﬁ9@8é&95§8¥lndé§L15t remoEbﬁllEI@ﬂ@hQQX) of case in which
ANDSplit - and "ANDJoi n tenpl ates are included "Fig. 16 is a
concept ual di agpaedétéssbrahdeglibe. addileinent (AEd4) where a pl an obj ect 410
is linked with plan node objects. =~ . The object group is linked in the
same manner as d&fegEBedwdS = p##m%@i%%me#%r%@%%suhmra
tenpl ate istinc uded. It should be noted that the ANDSplit tenplate
has one 10D ht edecessor activity and a plurality of successor 20
activigies X ted in _ parallel in
dlffer%nt plagggtﬁﬂ?ﬁﬁééﬁégggFt¥£5t8§F§éepP§oﬁ Efy

Utility.print(this, e. getMessage()),-
)
'//génerate moderator agent
createModerathAgent(plén);

10 }

D-3. Topology of case in which ANDSplit and ANDJoin
templates are included |
Fig. 16 is a conceptual dlagram 1llustrat1ng the condltlon
15 where a plan object 410 is linked with plan node objects
The object group is linked in the same manner as descrlbed
in topology of a case in which Chain template is included.
It should be noted that the ANDSplit ,templéte has one
predecessor activity andi a plurality . of succeésor
20 activities. The successor activities .can be executed in

parallel in different places'by the ANDSplit template.

‘On the other hand, the ‘ANDJoin template. has a plurality of
._predeéessor éctivities and one successor éctivity. At a
25. destination, a.plurality of moderator agents are united to

constitute one agent under the control of the ANDJoin -



On the other hand, the ANDJoin tenplate has a plurality of _
predecessor activities and one successor activity. At a - 25
destination, a plurality of roderator agents are united to
constitute one agent under the control, of the ANDJoin

-44- _ tenplate. Table 4 shows 4 codi ng - exanple for-a planner
agent for topology of -a case in which the ~ ANDSplit tenpl ate
and the ANDJoin tenplate are included. 5 [ Tabl e 4] - public
voi d doPl aﬁ@lﬁ%iate Téﬁﬂ@”@r aliswd 88 coding eﬂuﬁﬁ‘lé" #Br= a“e%‘ianner
Pl an( gener at ePl anl /'I'generat-e activity = 10 Ivity actl =
new Acti vi agén atpféfkaﬂupwaﬁgynt0f|b81 case igONWHBdh",the ANDSplit -
"JMI. sanpl es: Text Fi-el dAgent ™", new Message (Act|V|ty
REQUEST)) template am@tthet9NEd©2n tpuplAatei areydngdpded .+ home. getkbst()+"
1600/ ", "JNW sanpl es. Text Fi el dAgent", new. Message(Activity.. 15
REQUEST)) : Activity act3 = new Activity("atp://"+_hone. get Host () +"
434/ g, wﬂ@@- ies Report Agent " new Message( Activity. - REPORT) ) ;
//add act|V|ty and tenplate to plan 20 try{ -
publlc v01d doPlan3(){
-//generate plan
" Plan plan = new Plan(generatePlanID());
//generaté'activity - |
10 © | Activity actl = new_Activityx"atp://kazu.yamambto.ibm.'
com:434/", "JMT.samples.TextFieldAgent",  : new ' Message

(Act1v1ty. REQUEST)),
| Act1v1ty act2 = new Acthlty("atp //"+ _home. getHost()+"
_ :600/",“JMT.samples.TextFleldAgent", new Message(Actlv;ty.
15 _REQUESTS);
Activity:actB = ﬁew Activity("atp://"+_home.getHost () +"
:434/“; "JMT.samples;ReportAgent", new MessageKActivity.
REPORT)); | | | o
| //add act1v1ty and template to plan
20 tryf
Vector predeceSsorIndexList;
predecessorIndexList = new Vector();:
//add ANDSplit to plan
Integer hwdl = plan. addNode(null new ANDSpllt()),
25 predecessorIndexLlst.addElement(hwdl); '

- //add three activities as ANDSplit successor



Vect-or predecessor | ndexList; - predecessorlndexLlst = new:

‘Vector (); //add ANDSplit to plan : ‘ Integer hmdl =

pl an. addNode(nul'l, new ANDSplit()); 25 _
predecessorlndexList.addEIenent(hmdl); 45— [l add three activities as
ANDSpl i t- successor , : -45- - ~
| nteger hwd2 = pl-an. addNode( pr edecessor | ndexLi st , actl);

| nteger hwd3 = pl an. addNode( pr edecessor | ndexLi st , "~ act 2); 5

/1add three aCt'V'tMtbaéﬁxeﬁw&Q AND%léhFHdHNE&@§§%eééééssor1ndexLlst,
predecessor | ndexLi'st.rénoveAl | El enent s();

predecessordaigdexli st . addEl enent (hwd2) ;

pr edecessor | ndexLi st. addEl enent ( hwd3) ; . //'add ANDJoin to plan 10
| nt eger hwd4 = pIaEHEGQRBdebwﬁ%dece§§dﬂlﬂ%@@ﬁ@@ﬁ§Pf@ﬂ$cessorlmﬁﬁﬂbiﬁt))
pr edecessor| xLi st.renoveAl | El ements();

predecessorq9| 1ist. addEl enent (hwd4) ; ' //add activity as ANDj oi n

successor to In
olan. Zﬁdhbde(prgﬁ%cess%ﬁI%EE}Y. 1§@§£e9“g§ %?DJOIH predecessor list

}catch(BIOCkEd%médééé§ﬁéiEﬁméXEEBE)femoveAllEleméhtbey prlnt(thls
e. get Message());
predecessorIndexLlst addElement(hde),'
predecessorIndexList.addElement (hwd3) ;
//add ANDJoin to plan | |
10 Integer th4 = plan;addNode(predeceSso;IndexList, new
ANDJoin()) ; | |
'predecessorIndexList;removeAllElements();
predecessorIndexList.addElement(hwd4); _
' //add activity as ANDjoin 'successor to blah
15 - Integer hwd5l = _plaﬁ.addNode(predecessorIndeXLiet;
| | act3); | o _ |
}catch(BlockedByIteratorException e) { _
Utility.print (this, e;getﬁessage());
-y : S
20 //generate moderator agenteahd transmits plan to moderator
" agent | |

'createModeratorAgent (plan) ;

25 . D-4. Topology of case in which' ORJoin templateeiS'included _
An ORJoin-templete,_as well as the ANDJoin template, has-ae .



20" //generate noderator agent and transmits plan'tO-nDderater

agent createrderatorAgent (pl an); 25 D-4. Topol ogy of
case in which ORJoin tenplate'is |ncluded - An ORJoi n tenplate as

well as the ANDJoin tenplate, has a

- 46- plurality of predecessof‘6 act|V|t|es and ohe successor
activity. It should be noted, however, that for the ORJoi n

tenpl ate one of the predecessor activities is selected and t he
others are - of T?&ééﬁ@éé&“ | Sot{viti Pl QYed of O Sorfor =
processi ng ere y reserv tion condi tions concerning a flight

bet ween Hargdd wind, .Sappoto should & - eiwéd)edhb%veeverahaltocabral théne
conpanies, and a first airline conpany for which the reservation

condi ti on ORJoin | ¢esiptlaitreed dne ermpf oyl’dda predicessathovachicbdiey ekanpl e
10 for Ianner ent for tqpolo case in whic ORJoi n
tenpl ate. | d'g the O(ﬁkﬁﬁgz 5f dlscardﬁbbl|c&bbﬁd}ﬁﬂﬂ§%ﬂﬂ)%515l'
/'Tgengyate é)alr?)\yetd for eRa ﬁ%&[&l \"’/"};or J\f“éigé %138“ %tzr%%'yar%géévatﬁn

//generate a act
| ACt'V'tvaﬁdhdﬂﬂﬁﬁﬂsY@ﬁﬁﬁ@iﬂlhénhC@mxﬁﬁﬂ 'between Haneda and Sapporo

= new

are examined for several local airline companies, and a
first airline company for which the reservatien condition
is obtained is'employed Table 5 shows a coding example
10 for a planner agent for topology of a case in which the

ORJoin template is included.

[Table 5]
public void doPland (){
.15 //generate plan
Plan plan = new Plan(generatePlanID()),
//generate act1v1ty | '
Activity actl, act2, act3;
- actl = new Activity(“atp}//kazu.famamoto;ibm.com:434/",
20 "JMT}samples}TextFieldAgent", new Message("request"));-
' act2 =-,neW'.Activity("atp://"+_home.getHost()+“:600",
"JMT.samples.TextFieldAgenf", new Message ("request™));
i act3 = new .Activity("atb://"+_home.getHost()+";434"}
"JMT.samples.ReportAgent”, new Message("feport"f);
25 //add activity and templafe to plan
g :



207" "JMI. sanpl es. Text Fi el dAgent", new Message - ("request"))
act2 = neM/Activity("atp://"+_hone.getkbst()+" 600", . . o

"JMI. sanmpl es. Text Fi el dAgent”, new Message(" request")) ’ ' act3 =
new Activity("atp://"+_hone. getkbst()+"'434" . '
"JMT. sanpl es. Report Agent”, new Message( Feport")) 25 . //add activity
and tenplate to plan try{ S :
-47- VEctor predecessorlndexLlst

predecessorlnd /-/add ANDSplit to plan
I nt eger hwdl - (Rﬁgﬁéﬁl %§¥£%%ﬁ§y¢i£§|lt()) . 5
'predecessorlrukpgédgcéggﬁﬂfﬂaggﬁig%ﬂg new Vector(ygdd three activities as

ANDSpl it - successors I nteger hwd2 = _

plan addNode (/praetit &3S Iidebd il gn .act1); Integer hmd3 '
pl an. addNode redecessorlndexLlst act 2); ) add three

act|V|ty i ndex ﬂ%ﬁ#h'pﬂ%b@%é%@@ﬂ°¢¢EEUll new AND%P%H bséor

| ndexlgi st. remyve IEIene

predegEssorlndé¥ﬁ rﬁﬁééﬁ&%ﬁ&mﬁddElement(thl),

pr edecessor | ndeydd SthAlE empt { 1weids APnsp1it/4asseSBIPsn to plan
| nt eger hwd4 =pl an. addhbde(predecessorlndex ist, new ORJoin());

predecessor | ndexLi it eg@epvdMdEl enempilah). addNode(predecessorIndexLlst,
predecessor%&%%ﬁLlst addEIenent(hmd4)
- Integer hwd3 = plan.addNode(predeéeséorIndexList;.
10 act2); R - |
| //add three activity.ihdekes'to ANDJoin predecessor list
predeéessorIndexList,removeAllElements(); |
prédedessorIndexList;addElemént(hwd2);
predecessorindéxhist.addElemént(th3);
15" //add ORJoin to plan |
-Integer{ hwd4d = plan. addNode(predecessorIndexLlst, new
ORJoin()); '_ |
predecessorIndexList removeAilElementS();
predecessorIndexLlst addElement(hwd4),
20 . //add activity as ORJoin successor
. Integer hwd5 % plan.addNQde(predecessorIndéxList;
act3) ; o | | '
}catch(BlockedByIteratorException e){'
. Utility,print(this, e.getMessage());
. \ _ ) _ _

"~ //generate ﬁoderator_agent



20 - //add activity as ORJoin successor : I nt éger hwd5 =

pl an. addNode( pr edecessor | ndexLi st ' act 3) ;
}cat ch( Bl ockedByl t er at or Excepti on e){ Uility.print(this,
e. get Message()); 25 / I gener at e noder at or agent
- 48- memeMMaauw&wm(l%m - } private
voi d creat eModer at or Agent (Pl an pl an){ _ try{f 5 '
get Agl et Context ().createAglet (null, "JMI. Moderator Agent”

, (Qbj ect) pl an) ; ception e){ -

Ut|||ty pr|nt(tﬁreat%y%%Ff%ﬁSEA§€§€gﬁE£E¥ }catch(lOExceptlon e){ 10
Uility.pript(this, e.getMssage()); } . private PlanlD
gener at ePl anl D() { /1 generate pltan ID. 15 PlanlD planlD
=  new Pl gniXatemeoidStreag¢doderatorAgent (Bbani pgag) £( new :

| nt eger ( planlndexz) toStrlng()) . pIanIndex++ return
pl anl D - ' '

5 'getAgletContext().createAglét(null,"JMT.Moderatbr Agént"
, (Object)plan) ; | I o
}catch(AgletExceptlon e){
- Utility.print(this, e. getMessage()),
" }Jcatch (10Exception e) {
10 Utility.print (this, e.getMessagé());

}
private PlanID generatePlanID() {
//genefate plan ID _ _ _
15 PlanID planID = new  PlanID( home.toString(),
_id.toString () + (new Integer(;planindex)).tostringl));
_planIndex++; |
. return planiD;
-
20 1}

. E. Executioﬁ of plan | |
E-1. Topplogy of case in which Chain template is'ihcluded
(Fig. 14) ' | | |
25 = The operétion of a mobile object group for topology of a

case in which the Chain template is included will'now be



20" . E. Execution of -plan =~ E-1. Topol ogy of case in which Chain
‘tenplate is included ~(Fig. 14) 25 The operation of a nobile -
obj ect group for topology of a _ case in which the Chain tenplate is
i nCl uded wll now be —49- : - 49-
described while referring to Figs. 17 through 21. Fig. 17 is a
fl owchart show ng the processing for the execution of -a plan; and
Fig. 18 is a-functional block diagram illustrating a noderat.or
tenpl ate. describdéd).whle r&fefrind toc@hgept ual thetbaghami .i | IRisg s at7 ng
the conditi.on where a nobil.e object group noves ‘from the
origin toigte flowchakttshawing. the prosessingf ot e texedtitgion 17f
when a noder at or _agent 351 is,generat ed and a _pl otﬂ'_e'c . 353 is
allocated & orP13R/ (3RQckF8ds), 18t hdSnoder S0FCTI05&4 %g'@f j@tagram -
aut omati cal,l.y.e es _the plan, (hl 8 | nst yuction "\Next St ep”
leld,l roaLng_th}% § lm%Qier%t%ctk g%}le%]fa%%l to '[tﬁed’ 5P 1@6

is transm th re noder at of . . pl an” object 353,
- and. i 15 r eSpOfiRGedthd N Miagram HELISEFROHECIHERS3 ddddilt g r afSrd carrent

pl an -node 15 (block 847). In the preferred enbodi nent of the present
i nvent i on, modnidgeneobjetta strempof mopdan Mode whidreei romigin  tpl anthe.
Iterator object 352 is located is effected, and in ~_response to an

inquiry . f tinationan oBfi&st, 3ggferring to Fig. 17, when - a
) moderator agent 351 is generated and a plan object 353 is

allocated for it (block 843), the moderator agent 351
10 automatically executes the plan (block 845).

'In.s'truct.ion' "NextStep" is transmitted from-the moderator

| agent 351 to the plan ob_jeét_353, and in respomnse to this,

the plan object 353. fi]_:st,'extracts a currént plan' node

15 (block 847). 1In the'preferred embo.di\ment of the present
‘invention, management o_f a step of a .plan node Wherein a

plan itelrai.tor object 352 is _l_ocated is effected, and in
respoﬁse to an inquiry from - the ;pl_an object | 353,
infdrm_ation -for the step _of_ the current plan node wherein

20 the plan iterator objeét 352 exists is pfovided_.-

When the plan iterator object 352 .returns a "g" (first
step) in response to the current inquiry, _.'the ‘p.lan object
353 extracts actl. Then, the plan object .353. asks an
25  activity defined in actl to execute a request that is

“managed by the activity (block 849).



I nfrormation for the step of the current. pl an node wherein 20 - the plan

I terator object 352 exists is provided. VWen t-he pl-an iterator '
object 352 returns a "0" (first - step) in response to the current

i nquiry, the plan object 353 ext;g ts actl. Then, the plan object
353 asks an 25 activity defined in to execute a request that is
managed by the ‘activity (bl ock 849). - : ' '
-50- . The activity determ nes whether or not the class nane of

~an agent (%ﬂgntaéﬁg’@%”&éfﬁﬁhlﬂ BeLfctHea! HAlnble 9100 naRbaGh:

I's shown in en t erator agent reaches. a Iace
360, it tekhs atdalﬁol @ﬁgeﬁﬁonEhé)a@Qﬂiernaﬂly NAEEd elsuisttee Pt atRe3GAmMEANAgES
t he agent nane using an . agent list 369. An agent that exists at the
pl ace 360 papce. Asqierphowa plracBig@e01lBy séved righé¢ t nadegatagedidendt

Agent Li st - 3he ARSHE dh B acteaﬁﬁw-“?% 3denthe nfpce Jb0: i5e adsntme
pl aces Thepd oLl Wadd 29881 LinaBlls 101 gBLLY el ulPRaagR (2

request ). P8 Fre 2 agen or agent
recei pt of ghBatr ageestzed. he Bt tferdglaB0dx i §88Satt 6hdSpladel 860" halP] ect

to an agent 350 that issued the request. The requesti ng agent stores
the recei vedeolj edhe npace  36(Reso t sewdinig 525t( Fag. "géFAgentList" -
. instruction. Since the place 360 has a function for

returning Agentlist, the agent can ascertaln whlch agentst

10 exist at the same place.

The activity tranémits_ an internally held ‘message (a
request) to the agent (acter tagent) 361 that is found.
_Upon recelpt of the request, the actor agent 361 transmits
15 a return object to an agent- 350 that issued the request
The requesting agent stores the recelved object_ in a

Result record 525 (Fig. 14).

The activity notifies the plan object 353- of the
20 'terminetion of the'requested-job, and in response to this,
the plan object 353 adds, to aetl, a mark indicating the
preceeSing is completed.(block 855{. " The plan object 353
aeks.the plan iterator 352'te.advance a step (block 859).
.The plan iterator 352 provides current iﬁformation'for'the

25 plan object 353.



The -activity notifies the plan object 353 of the 20 termnation
of the requested job, and in response to this, t he plan object 353
adds,” to actl, a mark indicating the - processing is conpleted (block
'855). The plan object 353. asks the_plan iterator 352 to advance a
step (bl ock 859). The plan iterator 352 provides current information
for the 25 plan object 353. . )

-51- - .Since the current information is a "1" (second step), the:
plan obj ectsida? ettig achsrenthanfotrmepliahe j@bjectl” (lfkockad step) ,84heand
847). The plan object ‘353 requests that the Chain perforns the -
execution Pdlasclolegt 35§ extrachs ChaChahvddrenk bt ernnhjecto0odlames a
state nanager. 601 . far a currént sta Since by . default the state
of the ¥ ﬁﬁﬂf§4%%nad@?e %gin ?Ejeg tEgPoreSPFEEﬁ,XhF% %&ﬁf'QﬂQche
nmoder ati on BRI + this the noderation 10 manager
603 acquirg? t he st§¥%9%mé§%ﬁﬁéﬁn$g%%ﬁnt e giate : manager. 601, it
requests the state nmanager 601 to switch - t he states. I n response
to this, the state nanager 601 . changes its state fromorigin to
destinati oA Chdbn nmoFegation smandgenchBt adioni Ag steteswnanhory F0k he
state perfornmed by the.Chain . tenplate and the processing at the
origin or fothe? 88§F?H§H§ﬁﬁte'Th§§HQH(R%hQ?EanEo%$eeﬁFate of Jh& ation

performed is%a%%mTRQn‘éﬂ#e*}'aG@g‘r”ngléi t¥eff 188 origin, 1 VAES Yt AT atgs, that

exi st. The processing per _ _
moderation manager 603 of this. - When the moderation
10 manager 603 acquires the state information from the state

manageru601, it requests the-State manager 601 to switch
- the states. In response to this, the state manager 601

changes its state from origin to destination.

15 Fig.-20 is a-flowchart'ehowing the switching of the state
' performed by the Chain template and the processing at the
- origin 'or the destination. ~ This flowchart shows an
.operation performed in common with a plnrality of the
types of templates that ekist._'The processing performed

20 at the origin at block 827 and the processing performed'at
- the destination at block 831 are varied, depending on the

template tybe.

The moderation manager 603 asks ‘an origin moderation
25 module 605 to perform the processing. . The origin

moderation module.605'and a destination moderation modnle



207" at the origin_at bl ock 827 and the processing perfornmed at t he

destination at block 831 are varied, depending. on'the ~tenplate type.
The noderation manager 603 asks an .origin nmoderation 25 . nodule
605 to perform the processing The origin noder ati on
nodul e 605 and a destination nDderatloﬁ”%Ddule - 607 nmanage
a set of |nstruct|ons_ used for operating a tenplate at separate

pl aces. - The origin noderation nodul e 605 queries a nobderator agent
5 . referegge rﬂ%acfe 599 Letacoi i@ sahRrddipss heeqt hﬁnp' %‘fo%ratlng ap which
t he noderator agent” 351 is.currently present. her, the origin

noder at i ontempliate atO05epaggtesplaces. transnlsS|on_by the successor |i st
609 of an address for 10 an activity registered in the successor list
609. The successor |ist 609 acquires the address froma reglstered

tivit dt [ Tt th d (]
aos Y sUAs éfaﬁ?a. RORB AL IDLma % (R, & ot t ot crgBRE

activity aggfgfén tﬁddﬁié“%@ SEOOE ﬂQEEﬁ 3hqpBLsh for the h 1gpderator
y e 249

agent 351 current I'sts. f the resses are erent, the
origin nDd&tGWhQﬁhn§Ha|ﬂoﬁ@iator ageﬁtessuhesn&de&éh@ayageebeﬁil to the

activity address..
Further, - the .origih moderation module 605 siequests
transmission by the successor list 609 of an addfees for -
10 an activity registered in the successor list 609. The
successor 1iet 609 acquires the address from a registered
activity (act2), and transmits it to the origin moderation.

.module 605.

15 ° The origin moderation module 605 compares the received

.activity address with the address of the place at which
the moderator agent 351 'currently exists. 'If the two
addressee are different, the origin moderatien module 605

moves the moderator ageﬁf'351 te.the'activity address.

20 - Specifically, the origin moderation module 605 transﬁits
movement instruction. via ‘the ‘moderator ageﬁt reference
module 599. When the two addresses are the seme:. the

processing is thereafter terminated.

25 =~ At the place fo which the moderator agent 35L is moved,
the moderator agent 351 requests the plan object 353 to



20-- . Specifically, the origin noderation nodule 605 transmts :
nmovenment instruction via the noderator-agent reference - nmodul e 599.
When the two addresses are the sanme, the: ~processing is thereafter

t erm nat ed. 25 At the place to which the noderator agent 351. is noved, -
t he moderator agent 351 requests the prad—obj.ect 353 to | -
- 53- execute one step. In a |like manner, the current plan node:

is extracted. The plan object 353 requests the Chain to execut e the
next step. ain_ a W edges t S I nf. [

per f or ns t%%ggu%oérgessgﬁgg“ fgir;1 3 tlgge&%kiegéstth?at%%éﬁ fﬁf(;an 2@%?%
informationid SegBaREREdL O e plan oP4BLe fIW3 OFé@hésts the chéign the
pl an object 353 ascertains that” the Chain has conpl eted the

desti nati oreypzociessthet mexl anteh] ecThe3Thaild ackrnowhetigeshehrexstaer ent
pl an node (act2), and requests the act2 to execute an activity.

The act2 ackufoeBathen andrespe¥fomes t Hehect PHFYUESIRg er nEPTy. the

A I

instructi onse@etRESUbL{giAO0 the Chain to request the transnission
of the results. Upon receipt of the instruction, the Chain perforns
a search to.determ ne whet her it is holding Result. Since the Chain

is not 20 hol ding Result, the Chain refers to the predecessor |ist
When the plan object 353 ascertains that the Chain has

_ completed the destination procéss) .the' plan object 353
10 - extracts the next current plan node (act2)/'and_requests
' the act2 to execute. an activity. The act2 acquires the

result that the actl holds'internally.

'-In.the prefe?redlembodiment of the preseht inVenfion, the

15 destination moduie'607 referslto.a ;medeCessor'list 591
and transmits instruction "getResultﬁ to the Chain to
request the transmission of the results. “Upon recéipt of

the instruction, the Chain performs a;seétch to_determine
whether it is holding Result.. Since the Chain is not

20  holding Result, the Chain refers to the predecessor list
| 591 and obtains Result from an object (actl) registered in
the predecessor list 591. The Chain then transmits.the
Result to act2. If no object is registered' in the
.predeéessor list 591, the_Chaih traqsmits; to the act2,

25 Dummy that indicétesIRésult is not held. This érocess can

be replaced with a proéeSs whereby a record for storing



591" and obtains'ResuIt-fron1anfobject-(actl) registered in - t he

predecessor |ist 591. The Chain then transmts the - Result . to .
act 2. If no object is registered in the . predéecessor [ist 591,
thé Chain transmts, to the act2, 25 Dumry that indicates Result is not
hel d. This process can - be replacéd-with a process whereby a record
for storing o ' - 54- - - Result is
prepared for the tenplate. ' The act2 enploys the internally held
agent clasg hane as. a._ . _. k¢ ﬁﬂgn [ ring to a report agent that -

exi sts at ?}ﬁésunﬁ_‘s 18 é’arr%jé}ﬁeadcgfalr > a%e?%)e{ar%gn'sm ts an internally held
nmessage to the report agent by using as an argunent the Result
obtained fromactl. =~ - The plan object 353 extracts the foll owi ng

current nodwme ddta himplage, tisé ntetébraklyshedd agent clasentamedes tde
pl an object 353 detects this, and the 10 processing- is thereafter
t er mi nat ed key TWeendastfieaingn to a repaydyaagont el exboYs etarthets

R o R R S
15 E-2. E%ﬁ?ﬂ%%?&éﬂor&aéga?tnf%ﬁ'ﬁgingtgﬁ@téﬂna.' ﬁgethbsReﬁggt

I ncl uded ( lagram illustrating t

outline ofobtalined fro@pesetlion fghea phoh| ebdkjcict 3gBoUgxthattss the .
control | ed by an lteration tenplate. . The processing for topol ogy of
a "following current node. In this case, since there is no

current node, the plan object 353 detects this, and'the
10 processing. is thereaftef termindted. The destination
moderation module 607 transmits an instruction for
.diéposing of the moderator agent 351 wvia the moderator

agent_refexence module 599 to the moderator agent 351.

15 E-2. Topology of case in which Iteration template is
 included (Fig. 15) | |

Fig. 22 isl a diagram "illustrating the outliﬁe of 'an
operation for a mobile object groﬁp that ié'controlled by -
an‘itérétion template.'.The processing for topology_of a.

20 case in.which the Iteration template is inciuded will now
be described while referring to Fig. 18. Similar to the
case involving the Chain, a moderator agent 351 is
~generated, .and a plan object 353 is generated .as. an
argument and is transmitted to the moderator agent 351 to

25 enable the -plan object 353 “to execufe each step. In -

addition;- as well as for the case involving the Chain



20- case in which the Iteration tenplate .is included wll now be

described while referring to Fig. 18.- .Simlar to the case
i nvolving .the Chain, a noderator agent 351 is " generated, and
a-plan - object 353 is  generated as -an argunment and-i.s -
transmitted to the noderator agent 35r%% 25 enable the plan object
- 353 to execute each step. In ~addition, as well as for the case
i nvol ving the Chain ' .- 55-

t | at th | an obj ect 353 |
aﬁcrjrpt ﬁeemﬁtﬁpﬁiggu&égtcﬁéaﬁre é|§§ at%sstiee rre a a@uPP%?t 1ﬂla“cles?gn:atnl) on,
the procesfcgginfheagﬁsth%abhgﬁga@%ﬁﬂyteﬁfére ﬁ%ﬁéé%sYatotheaérlglﬁre

per f or med, § préviousl cri Topol ogy ™ of case
_in which pEhaing destlhgﬁrmbﬁ;emfe i pebuded. "for the Wiﬁftﬂmﬂ:lmmcassl f or
actl has been conpleted, the plan obj ect 353 requests the Iteration
tenpl at e t'bheX@EmﬂtEVi'hE dD agiekt aneep perfioqymezy | @sa ﬂﬁov@ﬁﬁ?’ﬁoﬁﬁé\m ng-

t he processing erforned at th%_orlgln of the Jter op l.at e.

the 5 deseribedg arl t hé &r. gilPRFL A%k 19%r 5385 t’e‘ilrp|‘5 ?s flﬁgg

a check is_perforne ne whet her the process may - - advance to
t he next stg i E gsmgngﬁ sult information 15 for actl mat'ches a
predetern1ned condltlon (block 873). When the Result informtion.
mat ches t he predeterm ned condition, successor information that is

|nternaIIyWhehdtﬂna prsestor £dri matfle Bag c sy cowplebedek H1H) plam

addr ess _
object 353 requests the Iteratlon template to execute the

10 ~next step. Fig. 23 is a flowchart showing the proce551ng
performed at the origin of the Iteratlon template. In the
.process1ng at the origin of the Iteratlon template, flrst,
a check is performed to determlne whether ‘the process may
advance to the next step, e.g.., whether Result information

15 for actl matches a predetermlned cond1tlon (block . 873)

When the Result informatiOn matches ‘the-'predeterminedg
condition, successor 1nformatlon that 1s 1nternally held
is stored in the successor llSt (block 875). An address
20 is extracted from the act2 in the. successor llSt (block
- .‘877), and the moderator agent 351 is moved to the address
(hlock 879). When the Result 1nformatlon does ‘not match
the predetermined condition,. the state is set to the
orlgln (block 881), a plan'node is referred to by using a
25 return node 1ndex and is used to replace the elements 1n

~ the successor 1list (block 883). " Program control- then



20~ is extracted fromthe act2 in the successor list (block 877),
and the noderator agent 351 is noved to the address (bl ock. 879).
When the Result information does not match - the predeterm ned
condition, the state is set to the origin (block 881), a plan
node is referred to by using a 25 re?érn node index and is used to

repl ace the elenents in the successor list (block 883).

Program control then - _ ' ' ' - 56-

advances tqQ the next, step. Fal | gwi.png thi.s,, . .1he pr.ocess for. _ the
act2 is .Sgrvla&cﬁgd t%s%plﬁasne sg\g:egéd 1{?3:.[1"\“:"-9%9 't%ciss’ H‘%Solporé)ycedﬁs case
in which Chain t8ED! gkeoi Si5NChefedrmedNtas was IdEsd¥QSESSINY i1,
.thereafter .term nated. 5 E-3. Topology of <case in -which
ANDSpl it aogolANRJaifn case in ewiplehi eGhaie templded (Bi dnclded, " arfd gs.
24 and 25 are diagrans illustrating the outline of an.operation of a
mobi | e obj &ébe preogessimg iis dhenesifiter teymingtade ANDSplit and ANDJoi n

t enpl at es. The process for - the case of topology of -a case in which
the ANDSplit and ANDJoi n tenplates are included will now be descri bed

whi | e -Rkef erll Fi G el S.f O [ MR

a nnderatoF ggen?5§§%°?§ ggﬁérgﬁggéséﬁg ghgﬁgh obj e #§g§3%n%§ tﬁg?I}s
gener at ed gemplatkguRRid in%lhidts Niftiiced 16) t he , ‘noder at or agent 351..
The pl an object 353 is executed at - each step., Simlarly-to the
case for tHRdgehaidt and gParhlshj @teagpsys illustrating the outline of

an operation of a mobile object group that is controlled

10  by_the ANDsolit apd ANDJoin templates. The process for
'the case of topology of a case inlwhich the ANDSplit and
ANDJoin templates are included will now be described while

. referring to Fig. 18. As well as for tho.chain_template,

a moderator'agent 351 is'genératéd, énd a plan'object 353

- 15 that is generated as an a;gumeht is transmitted to the
moderator agent 351. The'plan object 353 is executed at

each step.

Similéflykto‘theICase fof the Chain, the plan objecf 353
20 : extracts ANDSplit, which is a current plan node. The plan
object 353 requests the ANDSplit'to execute the next Steﬁ.
Fig. 26.is a flowchart.showing-the process performed at an

origin'by the ANDSplit template.

25 A moderétion manager-603 examines state information in a

- state manager 601 and acquires "origin" information. -The



20" extracts. ANDSplit, which is a current plan node. The pl an

obj ect 353 requests the ANDSplit to execute the next step. - Fig. 26 i's

a flowchart show ng the process perforned at- an origin by the

ANDSpl it tenpl ate. 25 A noderation manager 603 exam nes state

information in a state manager 68¥-and acquires "origin"

informati on. The ' _ -57-

noder ati on . manager . 603 requests an- origin noder ati on - nodul e 605

to performth r he i giLn I ra | O ager 603
‘requests tﬁ&eo{(?lp@ naI& g%%& 685 5: qgﬁgﬁ e s?trq%cel eg(%gjt ation -
(bl ock 893)moquides055t0 ARSI thef gﬁ_»ace%gmtgh%t sue&eéi:%lnl . stThéb' ock
897), . extracts the first activity fromthé successor |list and .

sets "0" | modlevtkieth | ndaage5 03 or&q®®89fs the st |mamagert BI04, td he
nmoderation manager 603 asks the 10 noder at or agent 351, through the

m)derator eanae eﬂ'—éleené‘éate to ibeul deshbnationr efhkack 898e of e

. nmoder 1 n_respons er at or
agent 51 aﬁﬁﬂ&ﬂdﬁherﬁ?ggr %8nI39%?cl%% C%§s$ﬁe ﬁﬁﬁgranbiog 8381 but

al so copi eeﬁrcﬁéﬂs Oththefppé@cgau%ggg} aéraxbetﬁlearsuécf&s]o‘ir 13@@'5’6? and
the activity, t are held I n the nodéerator agent n
response t adtwe "wwhpletd aaoked hm&é;onmsemelmkom% he. - cl one

noder ator agent that is thus generated reports its 20 agent. IDto the
noder at or agent reference nodule 599. The .

Follbwing this, the moderation manager ,603 asks the

10 moderator agent 351, through the moderator agent reference_

-module_599, to prepare a clqne of the moderator agent 351

(block 961). In response to this,lthe moderator.agent'351

generates not enly a clqne.of the moderator agent_351 but

"also copies of all of_the-objects, such_as the plan, the

15 template and the activity, that are held in the moderator
agent 351. |

in responee to the cempletion of the clone generation,-the
clone moderator agent that 1s thus generated reports its
20 agent ID to the moderator agent reference module 599, The
| moderator agent reference module 599 notlfles the orlgln
moderation module 605 of the completlon_of the preparation

- of clones.

25 In response to this, the - origin moderation module 605

acquires, from the successor 1ist'609, an address for an



noder at or agent reference nDduIe 599 notifies the orlgln nmoder ati on

nodul e 605 of the conpletion of t he -preparation of clones. 25 I n
response to this, the origin noderation nodule. 605 ~acquires, from
the successor i st 609, an address for an

-58- . activity (actl) correspodding to a narked index value (0)..
Through the noderator agent reference nodule 599, the -origin
noder ati on nodul e 605 requests the nDderator agent . 351 to nove the

clone to the address for actl

e ori eration
nmodul e GO@QEEEYtéaFH%)sEEEEé%Pnémg to |asf“a§d<§q 0”5£ }%.r‘ﬁ?ﬂé wﬂg?her or
not the n actiy vi [ e [ e th ‘a vit
regi steregﬁ1 ?‘ﬁ%h tHe %Odoecreastso %c% g{)a(riller];éawagﬁgteheﬁo gtr?e §ggber¥ormd in
the 10 {fﬁlﬂﬁﬂa%,ra@m@nt rdEl1Nes05 reyadsts the pladerdtyr agyént

(bl ocks 897 through 903). At this time, the marked i.ndex 595 of
the clone 35D be movedthe atvBeshoutbedafifieessrfar actl (bhackoPOBhe clone
to be noved to actl, and is set to "1" (block 899). 15 When
anot her clone has been prepared and noved to act2, the origin, '

noder at i 0%%2?)%3??%5 Iﬂoe%era%gtc%ltﬁgdﬁﬁgce@\o%orrefers EbStnPOuct8ssor

det er m ne activity 1s registered
(bl ock 897} st ! gobhits %%%rnﬁﬂﬂ@&u}?&theraaraﬁbtvrtm ReHtONgeriexi gt $si n the

_ successor |ist. 609, . the origin noderation nodule 605 ascertains
that the reglstered. " 'When the next activity is registered, the
| proceSS'for preparlng another clone 1s performed in the
.10 same manner, and the clone is moved to the plac_e for act2
(blocks 897 through 903). At this time, the mark_ed index
595 of the clone to be moved to act2 should differ from
that of the clone to be moved to actl, and is _set . to "1™ |
(block 899) . ”
15
Wheri- another clone has been prepared and moved to act2,
the origin moderation moduie 605 refers to the successor
list 60_9 to. determine. whether or not the . following
actlv:Lty is registered (block 897). - In this case, since
20 an activity no longer exists in the .suc_:cessor'__list 609,

- the origin ‘moderation module 605 ascertains that the

preparation and move of the clone have been terminated.

Through the moderator a_g_‘en_t reference module 599, the
25  origin moderation 'module ‘605  transmits to  the moderator.

agent_ 351 an instruction to dispose of the moderator agent



preparati

on and nove of the clone have been term nated. | Thr ough t he

that was .previolusly executed. In this-'éxample,. sinqe no

noder at or agent reference nodul e 599, the 25 ori gi n - noder ati on nodul e
605 transmts to the noderator agent 351 an instruction to di spose
- of the noderat or agent -59-

351 that remains at the origin (bl ock—995) The ¢l one noder at or .

agent executes the next plan step in the separate places. At thi's
“tinme, the ANDSplit terrpl ate 5 is again extracted as a current node. The

flowchart for the logic to determn n current node is shown
in AY et reneiRpiaaiith derEg &%J&&f ﬁ%)s to the state

manager. 601 to acquire state- |nforrrat|on ascertains that t he

current state is a destination, and asks .the 10 gjestination
noder at i o dTOdUbSe mBOEraltdr é??ﬁ%ﬂéXecﬁhés the nuicepbangstep. in The
noder ati on manager 603 returns the state information to the origin
condi tion.the s¥hearatéeplptas. ob‘;tedih1$5’31m&5 thaswiDS@llnst tﬁmplaﬂée
~destination process has been perforned - he QNDEHH Q_'e

noderfat i oriShedgein cextarctas: £5 "pl gHrrent nt‘? (abhe gloychsyrt for

correspon&eh rkec%fl ndex ptan

execute t egci?%‘?n.%o eriife 6‘1'_r-a‘?1 OSJ ectc%%%%ﬁf%%et%gt hsgl%p an

|feratori¥§§t(&7 THE“ﬁé@Erét@bﬂeﬁEnﬁﬁékemﬂﬂﬂﬁkfersAtotMH%t$ﬁﬁte t he

pl an _ ' o - '
“manager 601 to acquire state information, ascertains that
" the current state is a destinatibn,- and asks the
10 destination moderation module 607 to execute the
processing. |
The moderation manager 603 returns the state information
to the origin condition. When the plan object 353

15 ascertains that the destination process has been performed
by the ANDSplit, the moderation manger 603:extracts a plan
node (actl or act2) corresponding to a marked index, and,
requests the plan node to execute the”activity.

20 The plan object 353 refers to the plan iterator 352 to
extract the next current node. .At thlS tlme, the plan
iterator 352 refers to the successor list 609 and the

" marked index 595 to examine a registered value (Fig. 27).

25- Thé aétl and act2 acquire the Result held by the activity



i terator 352 refers.to'the successor list 609 and the ; mar ked i ndex

595 to exanine a registered value (Fig. 27). 25 The actl and act2
acquire the Result held by the act|V|ty : that was previously executed.
lr this exanple si nce. no - 60-
activity is executed prior to the Ah[Emﬁo{ tenplate the actl and
act2 do not ~acquire the Result . held by the - activity that was
previ ously execut ed. 5 First, a clone agent that corresponds to actl-
sel ects the ANDJoi n as the next current node. The pl an object 353

asks the n@@EiH%FMn ipareRReUEed PHicke YNDDBEnANBFPldte template, ekbeut e

t he next ste at nger 603 exam n nfor t|on
inthe stﬁf ndﬁa er? q%% d nggce?FgPﬁrelo V;E§§E}t gﬁgiip
. the CUfreQEtl@itg'Eha%hQHEdprQ%lously %ﬁ%%ﬁ%@@d and transmts an '

execution-request“to th origin moderation nodule 605. In addition,
t he noderation nanager 603 requests the state manager 601 to alter
t he State. 15° ‘The origin noderation nodule 605 refers to the

succeBsor First}i ot cd@Reamyeruthat aedregpondsOrUmﬁczmlfaeletnt'actthei ty

act 3 regi.stered in_the s cessor |ist 09. rator
foont) 1 ABUSLEY aaeha’ e’ oCifkentonadi - A1 hlGer ahisthodaie 605
instructs SE'EsmBﬂg ﬁb%r%%h ?télqatg%r 603 iPVhd OAﬁDL?&ﬂ?etéﬂﬁiaEQr“c‘BSponds

to the obtained a
o execute the next step. The moderatlon manger 603 examines

the information in the state manager 601 to ascertain

10 whether the process at the eurrent' origin. should be

performed, and 'tranemits an exedutioh requeet to the

origin:moderation mddule 605. In addition, the moderation

manager 603 requeste the state-manager 601 to alterlthe
state.. |

15

- The origin-moderation modﬁle 605 refers to the sﬁccessor

list 609 and_acquires address information for an activity

_ (act3) registered in the hsuccessor list 609. Via the

moderatOr “agent. referehce ‘module 599, the erigin

20 - moderation module 605 instructs the moderator agent 351 to

_'move to a place that corresponds to the obtained address

information.

A clone agent correspending to act2 performsV the
25 'proeessing in the same'mahner as for actl, and moves to

the place for act3. Since the two moderator agents have



I Af or mat i on. . A ‘clone agent corresponding to act2 performs

the 25 processing in the same manner as for actl, and noves to " the
pl ace for act3. . Since the two noderator agents have ' o

-61- arrived at a new place, they execute the next steps. The .
pl an object 353 extracts the ANDJoi n t-&Ipl ate as ‘a current : node and
executes the next step. . 5 Figs. 28 and 29 are flowharts show ng

t he processing - performed at the destination for the ANDJoin tenpl ate.
The ANDJoi n npderation manager 603 refers to the state manager 601

det er mi nes2T¥hEed Bhed AGW dnkacey gthey| gxegute” thge N9xfat$tHPS - andhe
est 1 : ti i d ti . 07 to..
oot onPlEn SESpERR5EAN AR bR ANbao I PV |85 P8 LRERLRES

origin nod& it ERBcut e tHeshiagt kpppnoderati on nodul e 607 of the

clone that corresponds to actl refers to the predecessor 15 - list 591 and
extracts an activity (actl in this case) for which an end mark is
~provided (block 913). A check is performed to_ determ ne whether

or ndt thegsext3thcwadd 29 agpetifhawchrits hehawinesthendexoraseheg

predecessor 1 pdex : i st bl ock, 915). n t act.ivity has, the

smal | est BEEP5¥m8%x,att|E§ebr8%&%%HF8F°Pec£?§¥ﬂ§“%hESEﬁﬁﬂf& %%mgﬁaFﬁér

clone agenppls Aptﬁﬁﬂr{mf&oderation'\/%;éﬁ@@f' fdepl byrerkherdestidnakigie

~ noderation nodule 607 : - - - -
manager 601, determines that the current state 1is a

destination, and requests the "destination moderation

10 module 607 to perform the execution. -

Each moderation manger 603 returns the state to the ofigin
‘condition. The destination moderation module 607 of the
clone that corresponds.to actl refers to the.predecessor

15  list 591 and extracts an activity (actl in this case) for
which an end mark is provided -(block 913). A ‘check is
performed to detérmine' whether or not the extracted
-activity has the smallest index in the predgpessor index
list (block 915). When the acfivity has the smallest

20 index, the jprdcess for 'feceivipg' the Result of another

clone agent is performed.

More specifically, the destination moderation module. 607
- asks the agent reference module 597 at the same place'to_
25 .acquire from the pléce,an_agent 1list that exists there.

In response to this, the agent reference module 597 at the



asks the agent réference nodul e 597 at the same place to 25 acquire from

the place an agent |ist that exists there. I n response to-this t he
agent reference nodul e 597 at the o

-62- sane .pl ace queries the place 360 by transnlttlng toit a

"get AgentList" instruction. The pl ac@2360. returns the AgentList to
t he agent reference nodule 597 so that a list. of agents existing
at the sanme place can ascert ai ned. The agent reference:

Gosti nati ofSREAGAHWHH acﬁe%t ?ﬁ” rigre 560 Pire tradehisting otk on
nmodul e 607"Se%ﬂﬁe%%L%%Q" iﬁgtkhéthgﬂr an _englgeglngGéhqxgﬂggﬁﬁg ﬂeID :

(bl ock 921)ge €n an agen avi ng lan. 1D 1s

~plan afehtrlikat t&8genk ééen@c%f@ﬂance ﬁodﬁ!ﬂér &87, nede tIgit bhe
acquired plan is exam ned (block 929). If.the current 15 node is the

same .ANDJoilldst t leef praopestss f oexisténgi ngtt heéhe samssulplaceé che bgent

i s perforned. In the preferred enbodi ment of the present '

i nven®i on, asgereiRed. .check i s - performed to determnine whether or not

t he current node- -index is the same (bl ocks 931 and 933). Only when
the 20 current node index is the sanme, is a fusion process begun:

Thi's proceggei Sy ?@ﬁ%orf@féféhc% daélodQ Pr 89¢Ntatd RhRCESShEY place thamget

for the ANDJoin from being msunderstood. At this time, the

destunatiOMranémn&@(ﬁhnmdmiet6ai>réherﬁasinnailon moderation module
607, and the destination moderation module 607 searches'

10 the list for an agent having the same plan ID (block 921).

When an agent haVing the same plan ID is found, the.plan'
for that agent is acquired. A current node of the:
acquired plan is examined (block 929}. If the current
15 nodelis the same ANDJoin,'the process for receiving the
Result of the 'egent is nerformed. | -In the preferred'
embodiment of the present invention, a further check_is
performed to determine whether or ‘not the .current - node
_ ' index is the same (blocks 931 and 933). Only when the
20 current node index is the same,lis a fusion process begun.
This process is performed in order to prevent a,processing
target for the ANDJoin from being misunderstood. At this
time, the destination'ﬁoderation module 607 refers to the
-predecessor list to-ascertain the number of predecessors,
25 and - performs a process for receiving' the Result in

accordance with the number of the predecessors.



predecessor Iist-to'asceftain_the nunber of.prédecessofs, 25 and
performse a process for receiving the. Result in accor dance-
with the nunber of the predecessors. ' o
- 63- ' More specifically, the destination noderation nodule 607
refers to the predecessor |ist 591 of t&8-received plan, extracts an
~activity to which an end mark is added, and ~ receives the Result that
the activity holds. This. Result 5 is set to the Result of a '
‘correspondi ng activity, A process ,for _replaci.n th I node
may be peMPSPmﬁPeClgic?%1$cktmﬁﬁégst;n§$b9n §@d%§§%¥ﬁkh@® %%g 807 -
illustratin t he o] i f C f el.y] e I't.
dprat ont A ab s sg et B0 TP g e FHGP v e

10 The a on-noderation agent detects _
Resul t haselg%%ac%%t,a@nacrt&am%? tt% awHi&ROSA &MGt mdeki Ak added} O atle
noder at or agent 351 via the noderator agent . ref erence nodul e 599

(bl ock 937receibiesn tteceResubt that the adtistiriythokds. t hBhigoBesatldr
agent 351 . disposes of the 15 noderator. agent itself .and the
obj ecbs (&s psah, ta the Resppbat@f & £OrresPPRddng )achiVitY- mandyes.

On the other hand, _.the agent that gprre d t he
noxt otep BECLRRN alof ASDIAFIIGedthE DhEh 8 Y be pREFHAE
desti nati onyiRe&’ abhey modukey 6030 fps tde diagramgantl s tieler $He the
predecessor [ist 591 and extracts an activity (act2 in this case) to
whi ch an epditidne iof the pmdcess fidd arcQi8)ng thelRasdulits. perfornmed to
det er mi ne - : : o _ -
10 The destination moderation . agent 607 detects that the
Resulf has been set, and transmits a disposal instruction
' to the moderator agent 351 wvia the moderator agent
reference. module 599 (block 8937). Upoﬁ receipt of this
instruction, the moderator agent 351 disposes of the

15 moderator agent itself and the objecfs (a plan, a

template, an activity, etc.) that it manages.

' On: the other hand,. the agent that correspénds to act2
executes the next step as_sbon as it has arrived at a new

- 20 place. " The destination moderation. module 607 for. the
agent also refers to the predecessor list 591 and extracts

an activity (act2 in this case) to whi¢h'an end mark is.

added (block. 913). A; check 1is performed to determine

. whether or not the extracted activity has the .smallest

25 - index in the predecessor index list (biock 915). When the

activity does not have the smallest index, program confro;



whet her or not the extracted activrty has the smallest 25 I ndex in the

predecessor index list (block 915). Wen the activity does not have
the smal | est index, program control.

- 64- : .enters the Sleep statée to wait for the transm ssion of the
Resul t of another clone agent (bl ock 92~ ' Referring back to the

cl one corresponding to actl,. the -5 destination noderation nodule 607
receives the Result in accordance with the count for the predecessor
list (th er. of elements in the ecessor _list; one.inp,this

case). Af ?BFeFﬁetBﬁo&%@?pf Stadies g&siwrg ot JT’ret $o ]ea]?%mlSSiOBoﬂ‘El P&y,
the plan Oﬁkgﬁi ?% g?&%ﬁ%Es H%ﬁengﬁ%nﬁuQEQQEk 595) plan._node (act3)_

and reques execute The act3
‘obtains the Results that are internally held by the actl and act2. -
In the preferred enbodi nent of the 15 present invention, the

dest i nat i oReffedtedatyi dracbdidee 8B clone ef:eursesponﬁenpr e’d@c@;‘é‘dr, | ithe 591,

and transnmits, to the cl one act 1l and act 2, etEs;ylt" Qstructron
to refuest destinatpen: modernakion Bedphe 5¥5ke%%¢%bv ®s Resy Ep&ﬁ%e to

t he |nstru§%rogda%§%1‘ﬂ_ﬂ%a%hz out put Eg%lﬁjﬁ§sﬂkééeceggor 1j %- Aeﬁ agent

enpl oys ass nane nterna
“to refer tauaBeRt A r@ﬂ?@fn&nﬁgerﬁtrﬁ tRe predefdé's%oxcaﬁﬁs)t t bale £Xi ghisat
the same place. act 3 transmts an |nternally hel d message to.
t he report cagent .After the  process for disposing of the clone is
completed, the plan'object 353 extracts the next current
10 plan node '(act3), and - requests act3 to  execute an

activity.

The act3 obtains the Results that are internally held by
.the'aetl and act2. In the preferred embodiment of ‘the

15 present invention, the deetination moderation module 607
refers to fhe predeceSSor list 591,'and'tranemite, to the

clone actl and act2, a "getResult" instruction to request

- the transmission of the processing:result. In fesponee to

the instruction, actl and act2 output their Results.

20
The act3 employs, as a key; the class name of an
inteihally held agent to.refer-to agents (report agents in
this ease) that exist at the same place. The act3
transmiﬁs en internally held message to the report agent .
25 by using, as arguments, the Results obtained from the actl.

and act2.



25- by using, as arguments, the Results obtained fromthe actl “and
act 2. . - 65- - The plan object
353 extracts t he next ‘current node. I n this case, since no current
nede is present, the plan obj ect- 353 detects this and term nates
the processing. The noder at or  ageéhfi- 351 detects the ternination of
the 5 processi ng and di sposes of the noderator agent and the

objects that it manages. The processing.is thereafter . termnated.

E- 4. I ' ' |
Frg. gipnggy§ﬂ§;hd%§i$C¢IPégh l%?ég§§hth oﬁFi aé&5¥en5nn%de Inngggglon
of a mobi {;ﬁ%g { 'l 8”%@#&% %dé?la;s preS&HP) | & lrfee”?tl% he-

The ORSpl i ers rom and ANdSle enpl ates

in that 'Bbﬁ’é&fzor@%t heetedts RhOgesshdg tshavihatedi ¢he32pascebsipacess

for the origin. - The ORSplit tenplate has one predecessor ‘activity and
a pl Dhel ingdefatsercesemt adbl viddtectant thiee ’Cﬁrlgilh%ﬂ:l@lla(ﬁ the = one -
activity is selected from the succe

) lmﬁtmg " chBBeEAESLRDL yand ot SHASPS: hets Skéic)r@&defétmy c?g%li“&ya} %@&:t ed.
roc SSi r '
changedpto ggst?ﬁ%ﬁloncﬁgg & 885?|QheTH%§§%%%$?%§tQE§ thereaf%%r”

termlnated.

E—Q: Topology of case.-in which ORSplit5 template . 1s
10 .inciuded | ' |

Fig. 31 is a diagram illustrating the outline of an
operation_-of a mobile object group ‘controlled by an
ORsplit template. The ORSplit template differs from the

. Chain and ANDSplit templates' in that it pe:forms.-the

15l processing shown in Fig. 32 as the'procees for the origin.
The ORSplit template.has one'predecessor activity and a
pluralityfof successor aetiVities. At the original'place; 

one ' activity ' is selected from- the successorz'list .by
calling e method ﬁchooSeActivity," and only the selected

20 activity is executed.

In the processing for the ORSplit origin, firSt,.the state

is changed te the destination (block.982). .The function

"chooseActivity" is called and an éctivity' is selected'-
25 ° that matches a predetermined condition (block 983). The

index for the activity is regarded as a marked index



"ehooseAbtivity" is called and an activity i-s selected 25 t hat . mat ches

a predeterm ned-condition (block 983). The ‘index for the
activity is regarded as a narked i ndex ' _

- 66- : -(block 984). The address for the selected activity is
obt ai ned, and the noderator agent 351 +66requested to nove : to the
addr ess (block 985). 5 E-5. Topol ogy of case in which ORJoin tenplate
is included Fig. ‘33 is a diagram |Ilustrat|ng the outline of

a npbi |l e objec roup contrqll ed an_,  ORJoi n

an - gperation_ b t
enpl at e. %ﬁ?éz C?ﬁ@?/n di frer &dg %81” Cﬁ%ﬁnS&ﬁGcttﬁéi aCthlMDJ’o‘i n

tenplates f oce .34 as a
process forogtragi'a |na %%&§&H%¥%@%§%Pf gaggg §§?m%%| Fguﬁggeg % r%ﬂv%y of
predecesso&oaehbv@Hdgggyuibyy%k 985) ., successor activity. The first nobile

agent that ~arrives at the destlnatlon ‘generates a Di spose agent and
- di sposes of other nobile agents. 15 - First, an ORJoin
tenplate 694, for a first nobile object gr oup that arrives at a.

desti Rat | oB~§90 Topodesivi of Gase in whigh (RFoim Memmlae Aeninc Luded
BRI O3 deienren, ARG LR WS
RO 108, PRSI SY Y ot e et B SORER, el Bk i
template. The ORJoin differs from the Chain and the
ANDJoin templates in that _it per’fcrms the'processi-ng shown
10 in Fig. 34 as a prdcess for a destination. The ORJ01n
| | “template has a plurallty of predecessor activities and one
successor activity. The first moblle agent that arrives '
.at the destlnatlon generates a Dispose agent and dlsposes
- of other moblle agents.
15 | | |
‘First, an ORJcin teznplate 694, for a first mobile object
group that arrives at a destination 690, .transmits the .
method "flnlesposeAgent," and determlnes whether or not a
Dlspose agent is present at the same place (block 943).
20 _When no: Dlspos_e agent is present, a Dlspose agent ‘for
-disposing of .othe'r agents: 1s -generat_ed (block 94_5)-. At
.this time,: the plan and the count — 1 of the activities .in
the. predecessor 1list are transmitted-as arguments. The
'Dispose agent waits fqr a mobile object group having the
_25 count - 1 of the. activities in the predecessor list, and

_d'isposes of that group. When the object group has been



t he predecessor list are transmitted as argunents. The - . Dispose
~agent waits for a nobile object group having the 25 count - 1 of the

activities in the predecessor list,-and - di sposes of that group.
Ween t he object group has been .

-67- di sposed of, the Di spose-égent dlsposes of -itself. In the.
preferred enbodi nent of the present .invention, whether or not the
agent arrived first at the destlnatlon'690 S enpl oyed as the

condition _for %fl ectin survivor gent t

a, o
conti nues dtlrﬁi’%':r e¥si nEgﬁHPlﬁgose agen&efjérsﬁ’ior?@@ lﬂférﬁﬂegﬁng }met %ntenlts

of the e neligt egﬂl 696 of
anot her nélo g eeals%éj&]ec nﬂa?gﬁlﬁeg{?sgﬁ 1%“5 ??%ﬁ%%tts mat’h €He 38 _
"findD spegfAgenk "agand d&fﬁﬁéd\eﬁflrst aphether défstﬁ@iat&d?l Seose ggent 1s
present at the sane pl ace (block-943). In this case, since the

Di spose agmployed as atheadgopdégénn, &opr ocssledmgli sapossmgvn\?or he

.Di spose - i s begun. - More specifical Ié a check is performed 15
to déter mWtheuant hégaigpdéf@tagsﬁptﬁa&eﬁhet BnPIRAFSIing  mayp Bek 947)

or whet her U [ th (b 49 -
‘resul t, t%e %lp%%%néﬁe%?‘%lgger tgalt%e éaOm‘:jg%:‘if%a?ft 1ﬁ- D!R%%§l% %Senpegt sel f
shoul d be Qispaseshof. 20 Wien it is ascertained that the Dispose

agent itself should be disposed of, the nessage "countdown"
IS : ' -
| . An ORJoin template 696 of'another mobile object group also
10 transmits the method' "flnlesposeAgent," and deterhines'
whether or not a Dlspose agent is present at the same
'place (block 943). 1In this case, since. the Dlspose agent.
is already present,-a process fbr-disposing of the Dispose
agent is begun. More'specifically,'a check is performed
15 to determine whether the'DiSpose agent has'the.same plan
(block 947) or whether the current node index is the same
(biock 949). As a resuit, the Dispose agent ascertains

" that the Dispose agent itself should be disposed of.

20 When it 'is ascertained that. the Dispose agent _itself
shonld' be disposed of, the message "countdown"  is- '
transmitted to the Dispose agent to reduce the number of °
'processes it performs .(bloek '951) Then, the ORJoin
template 696 transmits a request to the moderator agent

25 _' 692 to dlspose of the moderator agent 692.



transmitted to the Dispose agent to reduce the nunber of - processes

It perforns (block 951). Then, the ORJoin tenpl ate 696
transmts a request to the noderator ‘agent 25 692 to dlspose of the

- nmeder at or agent 692. _ - 68-
In the preferred enbodi nent of the preﬁﬁh{ inventlon, a parti al
Join tenplate and others are al so provided that - have a pturality of
predscessor actL%ities and a pIuraIity of successor activities that
are fewer in nunber than the edec r activigfies. Slnce t hese
tenpl at es IBarkhge preferredyemiost ]éga gﬁ’cﬁ nBEFBRRbf HEHHRY

partial JOPATERAI BT ﬁe%%T?tgx@nad‘%‘a‘ﬂgrg"rafé"eg}%' e gnat ThE

| enent € exa :
conbi nati oR,vef 5 bﬁﬁra@B%Q'%f‘ﬁ%ﬁ&éﬁéﬁsoﬂwﬁéﬂhv1ti$§ aﬁd éOpluEhMiaylty Of
predecessor acfivities @ith “one  successor activity; an

activity éﬁrsudebesmmmaaxlvﬂEMesethdhsaredfewer innumberenftioRiothe
tenpl ates are executed; the Iteration ; nplate, which returns
to the Qrgetlacessnpl saetivities. %iaﬁé\@s% ttl‘?—mpéat(?& eAPnaPPon as

to V\:hEFhE[ g?‘%&tﬁa bX(r:]I:II V't%o cl eaﬁrﬁjn a ¢ pr gte%]gq)ggd Fgg?g%éan

dunmy tenpl a I nNg the
activity i EéﬂPEaGS@ r &g nesz‘a%nfaftl%%gﬂﬁafs them willAbd Sgﬂeéﬁrl bednabove,
~according to the présent invention, 20 - it is possible to reduce to the

m ni mum t hﬁaﬁtmlamymblitn dfemplate caheber daplenes ted, r@lexexampber obya
nDblle ageg; combination of the ORJoin template, which ‘links a
10 plurality of predecessor activities With one successor
activity; 'an_ activity for determining that a desired

number of ORJoin templates are .executed; the Iteration

template, which returns to the _ORJdiﬁ' template _in
accordance with a determination as to whether that-

15 activity cleared a predetermined condition; a dummy
activity; and the ANDSplit "template for splitting the

activity'into a desired number of segments.

~As is described above, according to the present invention,
.20 it is possible to reduce.to the'ﬁinimum'the empl¢yment of

other resources during execution -of a mobile agent.

Further, according to the present invention;' it is
possible to reduce, through efficient processing, the '
25 processing time required before results are returned, .

since ‘a mobile agent is emitted by a user.



Further, according to the preSent' invention, it is . f'-possible
to reduce, through efficient. processing, -the 25 processing tine:

required before results are returned, _ S|nce a nobile agent is
~enmtted by a user. -69- In

addi tion, according to the present |nveﬁ9|on it is possible to

develop..a nobile agent while high |evel programm ng know edge is
. not required, and the effort and the tine required for devel oping a

programis red&&gﬁ!gion? accord::f:ﬁ(%h%r m’Eﬁ ﬁ‘glh%{n*&goﬁr esept i g

i nvention, provi fri end e agen él oprrent

programt h@ossmlef ung i iVl oPf a \M&ildifle &g edfcvelmqre Hadh  lRder st and.
intuitively. 10 Anmendnent (Based on PCT section 19)

C ai ns Programmipgremwl ddgenmbs y nokdinequistest,i nand abhebpéébriteianyl a

the time required for developing a programiis reduced.

Furthermore,.acoording'to the present invention, providedr
is a user- frlendly moblle agent development program the

- functlonlng of . which a'- developer can understand
intuitiveiy; |

10



menber of a nDbiIe.object group, sai d gr oup being_operable' . to nove

froma first place to a second pl ace under the control of a
nmoderator agent and to execute a first - activity at said first
prace and a second-activity at said 10 second pl ace, sajememory TTEU!
storing: tay—a—predeecessor |ist-having |ink infOrnat'Bﬂsﬁgﬁﬁgﬂﬁ%BFQN
said first (b) a successor list having link inf ]
relative to g’uﬂm wUﬂlﬁHwnd ‘activity; and 15 (c) - a Wma'lﬂ—e- :
foor requiri agent to nove fromsaid first place to
said second place. . 2. (Arrencﬁl menory nmedium storing an

obj ect being a nenmber of a mobile obj ect group, 'said group being
operable 20 to nove froma first-place to a second place under the
control of 1a neferadjgctageraiandobgeetecétng fa rAbmber ofadd i wicky 1@ said

first place and a second activity at said second pl ace, said nenory
medi um st opbiigct group( apad dorgdeceswing sOpeaabihg lticnk moweor fredm ora
relative t said first activity; (b) a successor_list having
i nk nfor%ﬁF? n PLaGei & t & second ‘place under the control of a _».
sai d secon Y; Cc) ngpﬁgg n|n

whet her ﬂo?@&b%b& %ﬂﬁ? ?n§n1ﬁ%dﬁf§Eg§§sts a §%|80$|P333%|a e® %5t

said flﬁgtowé&élcﬁnda@ second act1v1ty at said second place,
said object comprlslng ' '
. (a) a predecessor list having 1ink'informatidh relative to
10 -said first act_ivity; | |
.(b-) a _3'suc¢essor list haVing_ link information relative to
" said second activity; and | |
(c) a moderation module-for requiring said moderator agent
to move from said first place to said éecond’place.
15_ .. | o L
2. An -object,.. said' Obj'ec;t being a membér of a ‘mobile
o.bj'ect. group)_'sa'id group being.__operablie'lto move from a
first place to a second.'place under the control 6f ‘a
moderator agent and to execute’a first activity at.séid
- 20 first place ',and a .second'. activify at Séid second place,
'saj._d object comprising: |
(a) a pr_edeéessor' 1ist having link information r'ela"-cixlre to
said first-activity; _
'(b) a successor list hav1ng 11nk information relative to
25 . sald second act1v1ty,

(c) a _state manager for determining whether said

s Sheet Has Been Replacec

BT i




5--  (d) a noderation nodule for requiring.said noderator "ageht' '- to“
nove fromsaid first place to said second pl ace. 3. (Amrend) A :
- menory nmedium storing an object group, said group being operable to_

f

meve froma fir MIE second pl ace under the c g"‘ EN
noder at or agentTull'lmﬂﬁ“lﬂ"m“ cute a7i+rst activity at s 5 nggée_

and a second * Cactivity® at* said second place, said nmempry rre .
st.oring: (a) a noderator tenplate including (a-1) a predecessor
list having link information relative 15  to said first activity,

(a-2) a suE‘@é’§§é‘rt31qnsth§Wﬂg eigts mor satdonfiestat Pdaceo or at "said

second act|V|t [ . .state mmnager for deternining whether
said nodefati %‘ﬁl I%&ﬁeé e‘%ﬂ%ts in said.first place or in said 20. second

place, and (d) a ncdehat PordORSAREd Of'oFDPngﬁlf:Qﬁgr egear B3 altd AR

agent to rmve said nobile object group from sail pl ace to sal d
second pl ate; move fropb)saial pfiarst tpdraeortd Os"a:ctetsaercmrm neLdes ., Wm ch of sal d
25 first activity, said second activity and said noderat or.
tenpl & e aut horlty for execution currently exists; and :

égh vity, gal c]g leZQPPQFlzg aﬁﬁi;"g{a{l manag;p%f turgﬁﬁ Sgllfgblfe:‘ ?ﬁ% t he
executi on. move5 frém Ag et hpgd f %lafdg't Q) | hngs@-5Rk! l;?la)(?é eqln gl PURp S d
_control of a moderator agent and to execute ‘a first
activity at sald first place and a second activity at said
'1_0 second place, said ob]ect comprisings: -
| (a) a modera-tor templ'ate including
(a-1) a predecessor list having link infornlation relatifre_
to sald flrst activity, . . | | |
(a 2) a. successor list hav1ng llnk 1nformatlon relatlve to
-15  said second act1v1ty, |
(a=3) "a state __manager- for __determining.'whether " said
moderation module exists 1n saidl first place or in said
second place, anld - _' '
(a-4) a moderation module for -. reqnirin'g said moderator
20 agent to move -~said m_obile ‘object group from said first
| | place to said second place; | | . |
({b) a plan iterator for. dete'rmining for which of sai.d
_ first  activity, sa1d second activity and said moderator
~template authorlty for executlon currently exists; and
25 (c) a plan object r'o__r managing turns of said flrst

activity, said se'con'd-'activ'ity and said moderator template

iThis Sheet Has Been Replacec
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group being operable to nove to a first place SpECLLLed by a—f+r st
address and to a second: place specified by a : second addr ess under

the control of a noderator agent, and - to exec ﬂﬂlmlmlmuuﬁt II ity, -
at said first place and a 10 second activity at | ace,

said. nethod conprising the stepd2of: ' (4) requestlng sald
noder at or agent to prepare a first nobi | e noder at or
link information.relative to said first activity and. “aHmdkﬁﬁﬂHHSBﬁﬂé
noderator agent. 15 having link information relative to shid SBEPSAGED
activity; for the gxegBtaPRing said first address; - ( &—obtarmmg™
sai d second address; - (d) requesting that sald first nobile noderator
agent nove " to said first place; and 20 ‘(e) requesting that said
second nobjl e ATOHEEREQT REENEontrollifBVea tRobaid eBo®et Pyecep, said 5.
A nethod for controlling a .nobile object group, said - - group belng '
oper abl e t gronpebedng bipextabileadm spees ftedabfirgs plagef specifdededy a
second pl ace specified by a second address and to a, %hlrd Iace '
speci Bi ed By ﬁlrﬁtrdidﬁkﬁ%sand to a second place speci .

under the contr a _noder at or,_.agen f|r
activity atS&]P P%PgFSSI er'g% %n%€$?vé?y @85&?a@or 2950ty eé%%h
place and gt hifxd-@edi \é' tflﬁEt 5@&@1‘}:{"& dat said Mg pakdem™ih@d a
conprising the steps of: . (a) requestlng that said nobil e noderator

agent at saedond act1v1ty at sald second place, said method

comprlslng the steps of: _
"~ 10 (a) requestlng sald.:moderator agent to prepare a first
R mobile moderator agent hav1ng link 1nformat10n relatlve to
said first activity and a second mobile' Iﬁoderator-'agent
hav1ng link information relatlve to sald ‘second act1v1ty, :
(b) obtaining said flrst address,-
.15. o {c) obtalnlng said second address,
e (d) requesting- that sald f:Lrst mobile moderator agent move
to sald first place, and _ ' _'
(e) requestlng that sald second moblle moderator agent
move to said second place.

- 20

5. A methed for controlling a .mobile object__group, _said_
group being operable to mofre to a firs-t pl.ace speci.fi_ed‘by
‘a first address, 'to a second place speeified by a second
_address and to a third place spec1f1ed by a third address

25. - under the control of a moderator agent, and to execute a

flrst act1v1ty at sald flrst place, a second act1v1ty at

Been Replacec
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first place prepare a first nobile nDderator agent havin
i nformation relative to said second acti vi t;”“"““ﬂ“ll MII \um ond m)bl |l e-
nmoderator agent having link informatidn 0 said third .

aetivity; 10 (b) obtaining said second addré€ss %L.OD[alnln
- said third.address; - (d) requesti+itdthat said first nolfi gﬁsN
agent nove . fronlsaid first place to said second pl acqg; R LAC )

requesting that said second nobile noderator agent 15 nove from sald
first place to said third place;

esting execut d-
second act Feitfly aecemflg place 5§Etoﬁd BPiEQ gﬁlslkyg a g)%¥%ﬁ é@?ﬁﬁgl

execution of said _third Vit | pl ace. 20

met hod forPESﬁF(oFFﬁﬁgm nSE'|8¥%bJ§§?QEF§§th%§A]df1 group being
operabl e t Qa0 dided Phyr 2hialty Hid! A6BIle moderAESt Llentondf Olsaald a
noder at or agent and to eXecute an . appropri.ate activity at each of

sai d pl acefirsai gplartehasre@ore acd&wstsmqbﬂﬂ&ammdgﬁabér agent hea)ing
executing, at a first place, a _first act|V|ty | i nked
-5- 5 linkj tipfornatien mﬂ.artévmad@ aggid a@%‘ﬁ‘?ndtdCt&(Yd&Yr eandl st

z;zﬁte“f POSLEEHH Shopthe, nbRkea 3RS AT Ualbi TR
first procesmsvee%w Ts%’ldmt‘fﬁﬂd)a%t%%(t@fi pl ace; |
(b) obtaining said second address,
(c) obtalnlng sald third address,
_10 (d) requestlng that sald flrst moblle moderator agent move
| from said first place to said second place,
(e) requesting that sald second. moblle moderator agent
'move from said first place to said third place;
(£) requesting execution of said second activity_at'said
15 _second place; and | o |

(g) requestlng executlon of sa1d third: act1v1ty at said

third place.

6. A'nmthod for controlling-a.nwbile.object group, said'
20 ' group lbeing operable 'to move to a pluralityt of places
" under the control .of a moderator agent. and to execute an
_approprlate act1v1ty at each of sald.places, ald method
compr1s1ng the steps of: _ o _
(a) executing, at a first place, a first aCtivity linked
25 with a first moblle' moderator ‘agent to acquire first_

processing results;
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“results

(c)- executi.ng, at athird place, a second: mHm with a
second nobil e noderator agent to acquire sgﬁ l”“‘ “ﬂ SS|ng results;

(d) requesting .that said second nobile noderator agemt, s whi ch exi sts
in-said third place and which holds said second pro eSSTTIT T étﬁu
nove to said second pl ace; (e) refdesting that said s¢THHF ﬁgg
noder at or agent at said second place transmt said sqcond 8 Ssi
results - - to said first nobile noderator agent; and 15 (t) said
first nobile noderator agent. at said second place hol di ng bot.h

said firstPlandFedigstingec5hat p‘T‘%‘éssﬁlr’rb'St m°blltees‘ﬂ‘P‘Fl§rat°r agent, A
met hod for ontrollln a pmbi bj gr Sj g be
v?h x:Lg a QH %ald) fﬁ)‘l st BYQCe Odj (ié:h h? F.: %Qi}d

operable to e to ural ity of aces er con

moder at or: anefst gs%é@sm%@s@ns, movap@éoers@&@naclsweéy at each of
sai d pl aces, sal conprising the steps of (a)

executing, @) aekecstipypcat a filristd golawcef yal sekedd E@tivmty1lznkédrst
nobil e noderator agent havin agent - identification information
and acdqui r,wd:h, ﬁst5%¢%@s§}q3&§- e moderator agent to acquire second .g.
tlng that said first .nobile noderator agent,

whi ch eX|s@%qus%§3QPfF$%R Tace and which holds said. _ first
processi ng &ﬁsukbauegtlﬁdﬂkﬁb§e%%@$F%éé@nd n%bllécnoaéﬁﬁﬁhwﬂhgéﬁta

thlrd pl ace, a second act|V|ty i nked
which exists in said third place and which holds said
second processing results, move to said second place;

10 (e) requesting that said second mobile moderator agent at
said second place transmlt said second proce551ng results_
to said first mobile moderator agent, and |
(f) said first mobile moderator agent at saidESecond place
holding both said first and said .secohd processing

B 15 results.

__7. A néthod for controlling a nobile object group, said
‘ group being opetable to move to 'a plurality' of places
"~ under the control of a moderator agent and to execute an
20 appropriate activity .at each of said places, said method
comprising the steps of: ' | .
(a) executing, at a first p_l_ace,_.-a first activity linked
with a first mobile moderator agent | haﬁing agent'
identification information and acquiring first processing
25  results; | | . | |

-(b) . requesting that said first mobile moderator agent,

s Sheet Has Been Replacec
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with a.second nobil e noderator agent having the sane agent _
i dentification information as that of said flg”“ﬂlmml m Illlu noder at or
agent and acquiring second processing resultsj kst ing that

sai d second nobile noderator agent, - 10  which &xi §ts"ir® sai d

and whi ch holds said second proe®@5si ng results, nove|THISRHERT SASBEEN |
pl ace; (e) requesting that said second nobile m)derat_4>r agBERLAGED

said second place transmt .sai d second. processing results ’ B N ORS-T-im e
first nobile noderator agent; 15 . (f) searching said s'ec'o& pl ace for a
mobi | e nodehdicly exists ajenisaishi Adreke RARES; iP"ﬁ&&Pi olﬁ-of ForfRtfon as
sai d _.agent identification . informtion;_and., said first

mobi | e nod BIRGRS AT F P I PP R 2 Seco%%’l%%ég).'both sai d

first and sai : : 0GEeSHiRY « regu n ivi%v A ivobede
obj ect grou(ﬁ:,% %é?‘%%%ﬁb E{éi %g%glﬁg?aglg%%%' 2 %béorrgvg?ftrom gfi rst place
to a seconagyipace $acon® BEBLLEem@derator Bigeat haviiwngt yhat .sasme dademst
place and a second activity 25 " at said second place, said nobile object
gr oup Sconpriidsnigification (dpfarpesioshjaet that nefadiaig t firstomakite i st

-7- tivit d I d d tivity f th L on;, d
(b.) a pl aMIGRHAHDN IR ATRIF T SRFORT pradrasiig tedfi
activit -lyy 3 Isfge&uag%%&} At VishY g a4LBORAT YnoHide moder§¥8EUtdQNL,

which exists in said third pla¢é  and which  holds said
- second processing results, mové_to said second_placé;
i0 - (é) requesting that said second mobile-moderétor_agent at
o said second place fransmit said second processiﬁg_results
to said first mobile moderator agent} ' N
(£) searchiﬁg said second'plaée,for a mobile ywderator
agent having the same identification information as said
15-_ agent identification information; -and
(g) said first mobile moderator agent-at_said,secqu place.
holding 'both"said first and said second_-prbceSsing

results.

26. 8. A mobile objecf_group, éaid groﬁp ‘being opérable t6
move from a first place to'a second place and to execute a -
first activity at said first-placé'énd a second activity
at said second place, éaid'mdbile object group ¢omprising}.
(a) é plan ébject 'for  managing turns of séid first

25 activity and said second activity for the execution; and |

(b) - a plan iterator for"determihing for which of said
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5.- 9.
I ncl udi ng
activity t

A rret hod f or generating a nobile object group, sai d.

' group
a first activity to be executed aﬂlml[“mmnuumuml ace, a second
0o be executed at a second pl ace, ator tenpl ate

for requiring a noderator agent 10 to nove to sai d sdcohd prace—sai-e—

agent being operabl e t-7@ontrol the novement pTHISSHEETIOAS BEEN
said first place, said nethod conprising the stgps O'FE"*-ACED

(a) generating, . during said first activity, ‘a successor '.- rlst

containing link information related to said nnderator
(b) gener afitikgt b?/cﬁt‘éh*éyofa%‘él ols%ersfﬁqﬂndt eRGTtdvdtYa a‘*‘thorﬂ'r de é’§sor

rmderat or
group at

second place, and (iii) a_moderator_tempiate_ for requiring

R ————

eet Has Been Replacec '
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l i st contalnlng |nfgr tlonl%%Iated o said first. activity and
a successof*FF Fl88nFHFﬁ|H§ TR |nfornat|on related to said second
activity; and 20 (c) generating, during.said second activity,. a
pr edecessor - list containing link information related to said
noderator 9, A meehpdatfor generatlifhg Aanaidhdd ef oobjeotr agrouwpa walid e
obj ect group, said 25 group.including a first activity to be executed
“at a Pirstgroup lqﬂlaleﬂén% tekoad f&@tsltv@%ﬂﬁt‘bl%é ERebgt @regutedeabn@
pl ace, g a nmoderator te ui ri.n der at or
agent flrﬁB;ﬁ%ﬂ?%«)éh% &e AP aé&klggt ﬁﬁﬁngtg %ﬁ%ﬁ#hbﬁﬁn
oper abl e FgeEBH rgllatclee N NG rlh 1)07a SR de RS et&fq@l'é’té‘-t for requiditd irst
pl ace, said nethod conmprising the steps of: (a) generatl ng a |1 st
for managi By MoEBabbr Sageit r o move to sald second place, said
moderator agent being operable to control the movement of
10 Said mobile group at said first place, said method
comprising the steps of: _ .
(a) generating, durlng sald f1rst act1v1ty, a successor
- list containing link 1nformat10n related o sa1d moderator
_ 'template, _ |
15 (b) 'generating) by means of Said.'moderator _témplate, -a
predecessor list containing link information_ related to
said first activity and a sUcceasor'list'containing link
information related to said second activity} and |
(c) generating, during said second,aCtivity, a-predeceseor
20 - . list containing link information related to said moderator
template. | |
10. A nmthod for generating a mobile objeet group, said
group including (i) a first activity to'be'executed at a
25 first place, . (ii) -a second activity.to be_execﬁted at a




aetivity, sai d noder at or terrpl ate and said secaon ~ for the
execut i-on; : (b). generating, duri n,g ﬂ“ ﬁl“ ‘| gm a
successor list containing link infor

16 tenplate; - (c) generating, by neans of said. no QHHSHEET HAS BEEN
template, a predecessor ‘| i st cohtai ning |ink inforngti onmnemlageEdd t o
said first activity and a successor |ist containing |ink et '

related to said second activity; and 15 -~ (d) - genérati ng, dur'i'ng said

second activit redecessor ' t containin i nf or t|
rel ated to? salp%d%ﬂg?ﬁt ofdent to ., mo¥e, go ga1d' s L_’lo ci\nli)alpap"’faer'atrr%s J;Hc])r
generating,g g!BQ'tb‘% (f‘?&[ 19&EONE opg?ables%'od SERUR 1 NehaldihBYeRehitr Yt

acti-vi ty tO execut I rst p ace, a second activi ty to be

execut ed abaadse&@mﬁle grouiji ac agulid nbilesat oplaespl asaitior meddudd i ng a
noderator - agent to nove to said second place, said noderator agent
bei ng- operabmpru.sumntthel Sttha@Srrmf-errent of sal d nobile 25 group at ‘said

first _place, said apparatus c ( nmeans for n ting,-
duri né sai dap, r%en%at;{,ngy [1TB£ TJ.org managlng @urns of Pg efr rst

rictssar Loy g8 Malcl o UL 0ta S Tt
tenplate, farptadeeses@tilonst’ containing link information - '
| (b) generating, during said 'first_activity', a successor
list containin.g link information related to _said_moderator '
10 template; | ' _ _
| (c) generating, by means of. said 'moderator templ-ate, a
predecessor llSt contalnlng l:Lnk 1nformat:|.on related to
‘said flrst activity and a successor llSt contalnlng link
J.nformatlon related to said second act1v1ty, and |
. 15.' (d) generating, durlng said second act1v1ty, a.predecessor

list contain;i.ng link 1nforma_t10n_related to said moderator

template.

11. An'apparatus for 'gene_rat:ing' a mobile. object gro,up,'
20 . said group including (i) ‘a first activity: to be executed
‘at a first place, (ii) a second activity to.be executed at
a second ~place, and (iii) a moderator template for
r.equi.ring a moder.ator agent 'to move. to said second place,
said moderator agent belng operable to control the
25 movement of said mob:Lle group at said flrst place, said

“apparatus comprising:
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5:-related to said first actiVity and a successor |ist

e e e el U,

predecessor |list containing link information felated to $10* - said

moder at or tenpl ate. 12. A conpat/8r-readabl e nmenor y |HlerBEB‘IrHK8;)BEEN
program for generating a nobile object group, said grdqup i MEPLATIEDG
a first activity to be executed at a first place, a second 1 abtiv.L,
to be executed at_a_second nd a at.Qr t |«
requiring a&ﬁnd@?ng d%n?gp8 g?o %@P%E& Egld’é%%%%% % l%E% éld
moder at or 9%ﬂ§€ré9h€alﬂln? llnkPQQWH@mdUT%d“¥é¥§¥Ed(%osﬁéﬂd
nobi | e group at sald first ac sal d program conprising: 20

. (a) progrmmdexutbrftgmplaﬁé;uct|ng sald conputer to - generate,
during said first activity, a successor |ist containing 1ink

i nfor mati on(b) elmgtags  tfor séﬁ@eﬁ@déﬁﬁborby meangenpfat@aid mode;ggor
progr code for instruc sal onput er erate
eans 5 of * KRl A Rge P autisd Rt o Loty Containiy ddnk FRFTETAELon”
contai ni ng ldyikd di‘f %&Htéﬁrhrefﬁse@ té’ctlnt successor list

--10- : sald first activity ‘and a succe sor ?lst contal ning |1nk
i nf or mat i orcdredaireithd o sanu semfwbcmtwnty;ceam&ed to (Chaipr ogsémnaode

for instructing said conputer to
act1v1ty, and - _
(c) means for generatlng, during said second activity; a
10 ‘predecessor list contalnlng link 1nformat10n related to

said moderator template.

12. .A computer-readable 'memory medium 's'torin'g a program
for generating a mobiie 6bject grbup; said-group including
15 (1) a first activity to'be_executed at a'firs£ place, (ii)
a Second'activity'to be executed at- a second'place, and
(iii) a moderator template for requlrlng a moderator agent
to move to said second place, said moderator agent being
Qperable_to control ‘the .movement of said mobile group at -
.20 said first.place, said program comprising:
(a) program code for instructing said computer to
generate, during said first: actiﬁity, a ‘Successor list
containing 1link information related to said: moderator
template;
25 (b)_'prdgram code for- instructing éaid"cdmputer to

generate, by means of said moderator template, é
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generate, during said second actiVity, a predecessor'liét 5 cont ai ni ng
link information related—to. said noderator t enpl ate

(L . e TH-'S;L;;;;;S .

.pfedecessor 1iét containing link infofmation related to
séid fifst adtivity'and-a successor list containing link
1nformatlon related to sald second activity; and |
(c) program code for 1nstruct1ng said computer to
5  generate, during said second activity, a predecessor list
containing link information ‘related to  said modefator_

template.
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