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COVPUTI NG SOLUTI ONS TO PROBLEMS USI NG DYNAM C
ASSCCI ATI ON BETWEEN ABSTRACT GRAPHS RELATED

WwOARIBLAILATY ON DATA Thi s application cl ai ns the BeEnER0E9/000389
of prior U S. provisional application No. 61/045, 664,
filed on April 17, 2008, entitled "AUTONOMOUS MULTI PLE
| NTELLI GENT- AGENTS W TH GOAL ORI ENTATI ON' and pri or

T Tl e

Apr i VE ] _

ASSOC! ATI RN , EHSwi ch

are incorporated herein by reference in their

entlrety FI ELD The present

i nvention rel at @T%fﬁm&&@wéi B ved in | ar ge

s eliig hapijma@tﬁmo E;lahﬂs WHRC BEdeHit NofapHod YIS Mbfovisgstal vxtaf)h@buon No.
condi tions. particularly the present invention

6140@5 86%s filed aoi*retAﬂ’?BH 16r 2808.vientjtled co@a{dﬂ"@‘ﬁ?wlﬁﬁ’ oMléInTIPLE
t 4

I RG0S T TS B

appicatddre niNo BATKIBREASD filEd THiE APMENT| Q0080 0éhtikleRe CABTIHOD OF

DYIAHG A SSOCRA TR BHPERR, AR RGE SR ABLLS glntt ofiwhich are
1nc§fpbfzftécphéi%1n'ﬂ}tr@felrélﬂ€ ﬂPﬁ"leﬁ'%hﬁregng' ne for real -world

applications that copes wth obl ens and uncertain in
conpl ex and dynanmic environnents. In these

environments it iS.0Or i 1y unfeasible

to envisage and_H@ghg$68fth&fhmggsgﬂ§§?alI t he
009EE 56 s 3 00 SR s ML HINIEE M gt soace o
in mca@aﬂntand ldynaimudeeaiamhi dontlitieas.t Mivke pareibhlerly thel prede@timoention

about unanti.cj pat d opportunities. Mreover, typically
relgigse oy Eﬁﬁﬁ% %phmvag E’gc‘i’lﬁalé‘ﬁéﬁ‘?dﬁfﬂb lesh usHigafynamic association
bet{ﬂ/@éﬁ’\'{aﬁgﬁﬁztt aptls| G rr@;:gi%&m ld s% Prsgﬁ roc’cﬁélxﬁ% Ar AR Bl licated
These essential properties enable e realistic
probkhmavi or of the application, and prOV|de added
flexibility to the system saving inplenentation
efforts. [0003] To solve a problem (e.g., to identify
the best acti BACRGREFENDOF YK INVENTRYNUL I on set or
search space including pernutations of possible
[00024t Recrmﬁy,rmbrab eeslsmh\llgro@s a5 edlleds d:dimdylfdﬁﬂneﬁteﬁﬁfbes have been

certajn environne [ ifficult to be solved since
stniljllrr}g 1 fevglop a genera artlsﬁc(ljal 1nte1hgence (Al) engine for real-world

applications that copes with problems and uncertain in complex and dynamic
environments. In these environments it is impractical and usually unfeasible to envisage
and pre-program in advance all the possible situations and events that may occur.
Accordingly, development of an Al engine should be aimed to include capabilities that
enable it to reason about unanticipated opportunities. Moreover, typically the Al engine
should be independent of domain knowledge to allow reusability across several
domains. These essential properties enable more realistic behavior of the application,

and provide added flexibility to the system saving implementation efforts.

[0003] To solve a problem (e.g., to identify the best action for each situation), a solution
set or search space including permutations of possible outcomes must be known. A

problem in dynamic and uncertain environment is difficult to be solved since the search
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- | -space becones large, even for relatively small

probl ens. A well known technique to resol ve problens
wonrdvia70aar ge search space is an abstracti on bESEN.2009/000389

technique. In that technique the original search space

is mapped into abstract space in which irrel evant

details are disregarded at di fferent | evel s of

spdbe RAAEL tafue, B0En 30PLARRELGoAF RRBIAES I Wl RERGue 10

resalﬁarmbblcmabﬁ"th adhigense®hfspadidistah AH¥RAQR Bdied techmque In that
efficiently of real-tine path-findi ng probl em (V.

techpique e oq\glngt sparcdy snaee isymapped ingm absiractygpace 1@\@{3@ irrelevant

C i gt ch J f
ép ?cclhg nt e:gl??%lgtﬁ%:eg? esearozr ér ﬁ%‘ﬁgﬁ% lg-f 8%%% for?" based
techﬂﬂﬁé’ )hhas been prldiehitorbe aﬁﬁez:ltf 1lvaoﬁlseVEraISse@fdheptob&ﬁd; IPBr example,
real. ppl.i cations nni ng,
absfagtion @@Ha tg)&&%‘?‘feoﬁiea‘ifg"‘? XePf é%@j}élale( mthﬁ@émgceqoblem (v.
Bu@tkosme MRlevaffd. fu, BHEA By au, I'@xtagflllﬁ%ﬁ’a&%no naﬁgélr{ﬂn@?ﬂ:unstlc
execution in a nultiagent té anni ng envi ronnment
Se@ckictownal of datificiat tIntElllgbmeeRhseatbh 30, pp3- 43-- (OIDCXQ))Q’I)) In

tract on _bagsed techni s . inc
ad<5 839 SsreERD B PR w10 ook “apl aPacatgPE i sk pfaning, in which
2Bl A e@calbn RY iRRribaVel Q1! Padla&d, 00 SIRRGKSSMH R. Sycara,
ar1 ial solution to a problem and may be exténded as
Intqﬁléa‘st@g WRlaming aind egieqeidorail ac orifiagertd teafro plasxingp Ervirarenent,
EIELR! Hand W ARHER. 4P BR! f‘-ﬁ%ﬁb@‘éd)gns to a probl em may

e a su co ol ution set or
e 0 u t gt 4.0
O e el eGSO Feluda e entid prBEARY. WO fpact
grapbs h iy alestrapa gtaph| may batinitinBy negd e repogsenteal padial selution to a

o TR bl RO ARG e B LR e,
detdil§ ﬁl@raﬂﬁéd | Biv@d1 Ssolubid@s 3 & tpré¥lém GhaPhcRide tahéi‘xbﬁ’ér(;f' tﬁé complete

sol ution can be expanded using the partial know edge
solyligrh getvm ﬁe%wh anice, davlyels spwey het emvalnl,ommmtattohatof possxble

J
oo 5L S45 L. 416 L5l 8. AP el

to ﬂmwﬁioelemead) -medifyd gy ebsl'lﬁﬂiﬁwhhakartlﬂvwlwtﬁ)xﬁaéahl B a8p11ed to the
ow edge, of {he probl em and its environnment

pr%ﬁ%%fs% Yagiety gt dibferany fvelst The abtpetcmapheltbe pe@aLsoluuon can be
I
o R L N RE s
thag @cenri durirge theoprasessr of sslyingethei probleic Hl'tals| the abstractlon based
er mut at i ons., qf ssi bl e out are kno

reeRGf b b8 St b Fele Sp PG Problsmcbi BY0 iy Parah kppledee
of the'prdHlerdlahd {t8¥®ifoniménty i nstanti ated. Therefore, a

conpl ete graph can be viewed as fully instantiated

[0086] Anabstiadgtaphndpieslfieicludes nodes (e.g., vertices) and edges arranged in

multiple levels. A complete solution to a problem may include a complete solution set

or search space, in which all permutations of possible outcomes are known. The
complete solution is typically represented by a graph having all levels fully instantiated.
Therefore, a complete graph can be viewed as fully instantiated sets of nodes and edges,
which are required for resolving the entire problem. In the same way, an abstract graph

of the partial solution can be viewed as partially instantiated sets of nodes and edges,
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which are required for resolving the entire problem

In the sane way, an abstract graph of the parti al
WoeDhai44005 can be viewed as partially instanti aGULIENS00389

of nodes and edges, which are nodified in the process

of solving the problemas the partial solution is

refined. [0006] The refinenent process extends t he
wh?%fc‘n%{ aﬁfodﬂ'{egg tglF ;%r{)lceesg g%@tﬂg Utl ge e 82%&3 solution is
refirefli nement process incl udes several operatlons whi ch

depend on the type of the problem For exanple, in a
[06064 K hp| rmfinement pproddse rexteads ahgiabsteaco raphecflthebpstidlagitstion to

vefile & oSt B pscbe Z6PlRE paludhr dbR A disencet pesfess includes

sevetM A péeiioRs WWGC@nH'&r REGDHEBE iR FABIeRY rTe3hRgY, in a task
that exploits well'-designed hierarchies of a tas

pla;mngrprolslemea efrquenlcetccf exscuiahl tasks why baldeasinedlet avhidve a given

eoth Kok R SRS mttlin B e sigpaed Ghae SRHuniivesneaking a

hlemzﬁchlﬂ;él%iiarmﬂgléi&teg(y]tﬁ:&@x})lmﬂs Rvdm@es§n@d Alepditkied o4 8RR WElch is
strategy, an initial task, which describes an abstract

refparegh to g agicapeltical r kask ﬁ‘éetyvgrlg (HTN) glanner, €€ Erol, D. Nau, and J.
I h
o DB LA G ARSI P R0 BT 12

112&(((1)9@4)) Untthd hierdrehitdl PlarndigKstiatdey, an ptiali tasy, ywt@ﬂﬂ@éseﬂbes an
set of |oQwer-Ilevel sub-tasks. The apstract pI an m

ab} Bngedn ) CHATHNR ot MAPASHED RO  Heiheoblem. The
ab@{e@t {)1%.9 € BRALEA LY by gﬂﬂys‘lgg rhddécgﬁstﬂgﬂﬁ_ﬁ gﬁﬂgh&? tPdRMstruct the

asks are repres construction
lmbﬁetaskt intora madbd@dcnaé Setbﬁtlowcxt-legcrlaph-tisys i Tieabstravgplan may be
nd e the he deconstr

TGt AR GBI PORSE HRENCE] yifies and the

depen@lsiciddf arhdifpy @B I4dkaGle BipAdibntad By dASEN e WekSitbtiubidh operation
smal |l er sub-tasks until the | owest | evel tasks are

extgpdsnithe cabstEant agraph ¢ by kigsering anasies carasb( @dgnSa ite thesigraph. The
ool DUy BR IR oAb LSRR B G drth Ot

graphsire dedongtraqéd irfio Gonalers §ubfaskd il tthe 1dweae 16k tasies are atomic
eTpr ;ﬁejm The structure of an abstract tgra ph may
ex tasky 40 atemic exgoutable task e fask that et pneneed not be

de&ﬁ%té@ﬁﬁt&rﬁﬁltfg%%g)tasl&he process by which new edges

and nodes are to the abstract graph, the type of

[0087] ThaSEGhNe df bR aBsk&alt 5ia 1sad3ﬂsﬁﬁﬁﬁvxntﬁﬂfyt?f3e QIttﬁg E)roblem. The
features of the abstract gldaph For exa

strygitergref af alpsirget. graplamepy2inchidg, ¢.ghdhe typeao ¢Q§ma¢tm beiween the

no#e%s yntﬁévgg%gs S{hegfrggsg)byg%ﬁlch feggcfrsﬁ%& ﬁ%%%’l ‘%1 ded to the
abstiaosgraph, lhe 1yt WO dita amﬂgr&drta\éh@ﬂﬁddérhnﬁfea@‘h aﬂ&ﬁoﬁ gth@r features of
the albst%alljc? g(r)a{phq%grde;atr}lple the graphs of Figs. 1 and 2 (e.g., having a hierarchical
task network structure) have a different structure than the graphs of Fig. 6 (e.g., having
a temporal constraint network and a navigation graph using a clique or quad-three
representation). Thus, dissimilar problems may be represented by different structures of

abstract graphs. In one example, an abstract graph representing a path-finding problem

(e.g., in which a planner searches a route from a source to a destination on a map)
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representation). Thus, dissim|ar problens nmay be

represented by different structures of abstract
w@raphst70d N one exanpl e, an abstract graph repr@&sHR20090G0389

a path-finding problem(e.g., in which a planner

searches a route froma source to a destination on a

map)typically has a different structure than an

' k pl [ bl .
o R, PR PO P BB T i

préblér COtieg exhinples ', abb@dct @8 Riving dissimilar structures include, for
constraint-satisfaction graph for finding a solution

eXample: atonsirpiplsafistastior amanty 4pm fiading. g soluionc et wptésties given
cofind ROEnSRIE L Ul b FASE i L0l
refiresent3)an cagechization §@p., tiktary fopcedsard 5 gaph ltiean representsarpdan of an

e g., .city plan, architecture plan). Furthernore,
arcletx plan’ arisedie -fa”@nﬁsgmr%eavqnnﬂaﬁl grabigms may be
resR iﬁl@?ffér&ﬁswgrsec}ngetﬁw&%%ﬁ&sémédwwﬂhfcﬁﬁ Rt a&gﬁggﬁﬁﬁhs. For

S
graphs. For exdanple, a path-finding problem my
exgmaplo] ¥ pathelindiag ptoplag athyt beeresolyed eifzardty, quad-teace (i Samet, An
of . quadtrees, octrees,  a | ated hierarchjcal .d
ovGiele iR, St Pstheg! el gej NATo Ast
Sefids;, 8%3). A0 (98P, 51-68)6r Ky 4 BRI FohAstA& drerleEi§LS as dscribed
descri bed V. Bulitko, N Sturtevant, J. Lu, and T.
by YaBulitke N e%lf@ééVﬂﬂérJeLha@@dvjé)YauAtﬁf@ﬁdeg}leﬁlnﬁh@@e)- Accordingly,
C [ k r ' t he . e
the SIS an Bbafite BBh 1o BLRME B BFFRENRIR St on
theespedifio myperind @hvirdréngit obthe proteMYMARY OF THE | NVENTI ON
[0008] In an enbodi ment of the invention, a data
structure in a conputing systemmay store a plurality
of sub-problens representing a nai n probl em pertaining
SUMI N1

to an environme MARY O TEE BENYENTION espondi ng to

of the_sub- bl.ens .ma e construycted in the
w@%ﬁ%m H@B%%e hbF G inwerona ¢ SUYHUISIB ) ORPULing System may
stk @S bldallty " 6t sﬁp-ﬂcf@é‘rﬁs %ﬁle&nﬂg%tmnahsgfoﬁfe&n gxe?teﬂﬁng to an

may De reSolved, for exanple, deconposi ng one or
envitpnenend desn abstiahe gfaph sorraspondimgt togeagh of the shlepsiblane may be

of the.o or nor.e nodes of the fi,rst .abstract graph
coffiryb@] iB6e PuPBlTe Ten 18t shal e uatobleRs a3 38 o first
abdtiaet oGk agitﬂi@h?rap}ﬁ mh ¢ B tes6Red,Ibr _é)f!ﬁh}ﬂ@,ﬂiy_r@@&mgosing one
graphs may be resolved usi (r;g i nf ormati on obt ai ned

or meEe pedesif 4he Hrst abytrast graphodli leasitone nif dhejene pi more s of the
l.ai i n t i n | O},

e AR S0 o BRI R0 s B

grapiis t Arichastroneathhodbsarag gisiptsirhay b4 resoldted asilg formation obtained

| ems, The plurality of |ndependent

by Z}Il}&sg‘;cg%}°§ntptp%rrﬁn§§’éﬁ?erﬁs #raidgsoEibse padhrlaimed, abst r act

O o 0 0508 S SSSi  Loin n e
corliBting system for each of a plurality of independent sub-problems. The plurality of
independént sub-problems represent a main problem. Each abstract graph may include
an ordered set of nodes. A first node of a first abstract graph of the abstract graphs may
be associated with a second node of a second abstract graph of the abstract graphs. At
the first node, it may be determined if available data can be used to solve the first

abstract graph to resolve the sub-problem corresponding thereto. If the available data
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be associated with a second node of a second abstract

graph of the abstract graphs. At the first node, it
woreobe7aket ermi ned i f avail abl e data can be usEdI/iI2009/000389

solve the first abstract graph to resolve the

sub- probl em correspondi ng thereto. If the available

dat acannot be used to resolve the sub-problem

e.fir abstract ess
coff SETRELA B Syt o PSP P e, PSS repn, o
prcﬁ:éi@; idyOBViesh t6 arseassidatdde ik resvlvihg trembifotiBntdoAeiponding to the
graph. [0010] In an enbodi nent of the invention, a

Se%@HB%TaFTcﬁTaB}bI ving a main probl emincl udes

o o riiiBelt Bh i it s i ey Sxigect dwtin grgblem
incPided c&is%@tllﬁgt y pRﬁalﬁ’%‘ Br Qﬁs@xlﬁh@%};ﬂ; hsTJégh Rl g hydeSf Eﬁch abstract

sub- probl ens” t aken 1oget her pically represent e
graph |maymeplt¢5@m0pe iof aiphiralitytad’ sabrpeobléme nitherpluraity o€ sigt-problems

5 iy ABELLAhr PR B R abien.

leagtSGRChotie &sf. anTitRtrasS@apIR inla§ bt olnpobdddRio b leaf@WaCAddRS A
a first node of a first one of the abstract graphs

Subsetmféb@ansgma/ bq asseciggd Bie aspreiaign-manischds; (i senle)ctmg a first
feathe tr
roFLEE G000 1 68 SRR ! DR oB S Bifobiems:

(ii)eselbbcling bx)e or awké Etg:oﬁdil nadessosfl @hdraabstoiit \Wedphs &E;ﬁeiehflﬁg a second
sec odes i.n_which information pertainin
ong Hgﬂlﬁsi“ ProRlerasigndiGib orratioe aRpssecitiondrelyeen; the first ‘and second

nocﬁ:%ﬁﬁ%lﬂ&l?qnﬂ)ﬁnﬁtnﬁl EHeaifth ITE’rtfrae P?sq &d0forthe flgsttrh%gtract graph is

abstract graph e or reo he other abstract
aSSgclaipﬂso mlaa/ortﬁeorf wotechpodes of dimpothedabstract graphspl @ne usmmge of the

ot R BB O Rk sl G OB St

" info@d@idn | 41d dsbiveRenéashaRSont otter NAYstrlQCHABRS T MPhdB¥eps of

be iterated to obtain a solution for the main probl em
asspratEre PEsRrriffarnapdesHEnORshendSopposing may herithsated ¢o obtain

as&ﬁﬁ&?farﬂ%dxﬁ&?‘ apdet,ne present invention, and
a

appreci pr &cCti cal appl i cati ons, the fol |l ow ng
Fi gures are provided and referenced hereafter. It
shoul d be noted that the ][I?ngres are given as exanpl es

only and i rBREEERESCRIRTION O THE BRAWEINGS ent i on.

[Oﬂh Eﬁ&, gﬁ%np%l[’l g«%%g ]u%é?erét%g(? ?lit)eggrg?%% h%ylég{lér? fgq%tgfﬂ?)%remate its practical
applRREASEHe abiloWingf Figuled tle Hroviiel wad aete&ﬂpédexerem?l Rthbid be
whi ch hlerarchlcal pl an nlng strate is used to plan

noted ghat theyki 1HRP @R &REF) as ¢ ?S qmlg an m 8o avawaltrnut the @pafp hf the
mvgxtét}({hhﬁ li% g%lo ég %‘l%lgle%ﬂ ﬁh}f 'kg ret%regcecr%ﬂperglx 5. P oblemis

[0012] Fig. 1 is a complete graph representation of a task to solve a complex problem in

which hierarchical planning strategy is used to plan the task (PRIOR ART).

[0013] Fig. 2 is a partial graph of the graph of Fig. 1 in which the complex problem is
partially solved (PRIOR ART).

[0014] Fig. 3 is a flow chart of a method for solving a complicated problem according

to embodiments of the present invention.
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[0014] Fig. 3 is a flowchart of a nethod for solving

a conplicated problemaccording to enbodi nents of the
wqroesenros nventi on. [ 0015] Fig. 4 is a fl ow chadr/mkom/000389

met hod for solving a conplicated problem according to

enbodi nents of the present invention. [0016] Fig. 5

illustrates a graphical representation of a

.1 cal di vided.into.two sub-probl e .
OGET L SR S BL B i s Mie s GO F e moprording
to babudigrRnishE tlelistseacinvertiphs, according to enbodi nents

of the present invention. [0017] Fig. 6 illustrates a
[0Q6d pig. calillusepes 8 egraptiical represantatvmpdfi £ avegliptabbslem divided
. e.0., planning a day in the nuseumfoy a famly, .
intg 4oy Rl DY achighehicd by B Ebtiant Braph GBS OPRGMISchRgveen
theSAa@ lor s, Hacdrling 8P ERBEMORAVY tRe peSHfE Hvelfor2nNe Of

three abstract graphs, the graphs having associ ations

[00117¢ P 66 \itedirated CE @f4phi@l trépressaeionest & mplidsted! R681BH, e.g.,
invention, [0018] Fig. 7 illustrates a system ‘
plagaingraidayging the aHisewndan ademilpssolyed hyndiziding the grobleny into three

R O -
thePiREplisRRFvih gEASCIDk MR TR rE IR Bdn, labcdriidg fto lehthoidingentked Bihk §esent

. description, numerous specific details are set forth
veRtigh-der to provi de a thorough understanding of the

1003, 7 s8R pmactipingil o EREoFERL e ipetobn

[odﬁx Fﬁe 8¢ ?ﬁ%%% 8‘f'ef ﬁgﬁ%d ta@&ﬁgltn% & & Eﬂngoﬂﬁlt ’ﬁ]‘{ (Lfsthe {nr\]/ention.
ot her i nstances, wel I -known netRods, procedures,
conmponents and circuits have not been described in

[ 002 PETANER BEsifietaTiy i bRERGRRD EMBO DRy EN s
10G38P R ¥ el e e stistiboy PERERES peeits gl are set forth in
orddt %6 UsbVidSa Whorbugh 0HddrathAitEing WINthaSinvestmes Hovekver it will be

“conmputing”, "calculating”, "determ ning", "dividing",
undeggfped /by thosgr of nedlnzixueikﬂ? én che tagt ek the Presentainy¢nsion may be
: c n e [
oK 68l UL S, S M BEh g, oo
progadiires, dorpoaés and aireuits haes aot beknadesphival dpldetall Wohasasot to
el ecélr onic, .quantities within the conputing systems
obscufs ?8F§m5ﬁ§%%P°%enDries into other data simlarly

R SR RER R R el B uvig dispsions,
it is HipPfediatddomas itRsaMBut theadpebifisstic dREusdionk u@YizHE GRS such as
In addition, the term"plurality" may be used

2% & 2% & " "

“proggssinghogpmphiang”, “calculating”, “determining”, "dividing", "solving", or the

like, refer to the action and/or processes of a computer or computing system, or similar
electronic computing device, that manipulate and/or transform data represented as
physical, such as electronic, quantities within the computing system’s registers and/or
memories into other data similarly represented as physical quantities within the
computing system’s memories, registers or other such information storage, transmission
or display devices. In addition, the term “plurality” may be used throughout the
specification to describe two or more entities, such as components, devices, elements,

parameters and the like.
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specification to describe two or nore entities, such
as conponents, devices, elenents, paraneters and the
wd 10ke1440322] Accordi ng to enbodi ments of the @EEIR2009/000389
i nvention a novel technique is provided for solving a
conpl i cated problem having a | arge search space or
uncertain and dynanic real -world conditions. A
I|c ted oblen1that be . .
0GR o' A Thents heolkerpeSen e Popvel ipehniaue i
préaddd ﬁ)bll%oli’ﬁﬁé)h Qﬁ]r%ﬁczﬂ&i pioBleds having Y fget f8rchadPacd BPAncertain
The type of roblemmay refer to a probl em sol ver
ang dygamicggal aw contitions. Aeeteplicaief Aroblemeisat pioblgm Hat may be

 ded¥nSi&A q t h? ?ﬁgrgf: tsg?—é?c%lﬂ?&nse p{Vgl? nt.at | Os{}b-problemI js not

correspon pr o pr obl'em~sol ver
nedeseitily bfithe hemé itgled Tk tyje dfachroblymhnaerddyted prblemsRer (e.g.,
d/or a conputing system  Each sub-probl em nay be
an , lgeitien ornmiechA YR ot I&haly g dhﬁalgfog]éﬁ’r @8 nihey absiract graph

repiéseftaibh QBrrEéfJBﬁdﬂ‘lE 1§ Wgﬁ?leﬁ{ ohl & léﬁl COTR! RXwal i%%\%”m the

Is a problemthat "may b urther constructed I nt
fieldl ofr/dll andymay be ermbeddiyl cewser andier aeccaapnltugtslystpmo EhdmubSproblem

ei.t her of the resen ed an
ma i el i g SR oY ol R RSEL G oBHAG §Pgpf complex
prdbléi’lm & QnGSIs pRIIerh 35 K- problemt et B4~ Y ﬁfﬁh%f“@le&fnsﬁ@&éﬁ into a
npl ex groblen1are typically représented on a singl

pluaaigr redofu grralp)lhms,l wh@rsmapbwb-paohi@nptsuemmedf itheo bmmntype (e-g.,
ol
rertREEHEH S bl o Rt B bR f ey g esputable

* taskf Al aRdSub- Qﬂﬁﬂ‘en@’ ap Bacheq@ngi@n ptdtler® e &fpiddN§ represented on a

plurality of sub-problens of a artlcular type. [0023]

singls AbevAct SFrh. 4B SpRESh RGAMPHSEEd PEbigm. fssanstiugissl datplayplurality
of %Leé’ bf up® ﬁ)%llénllé: iﬁﬁﬁsaﬁ r%h%ﬁ]e%sé gﬁl\ll-éell#?an &re%q}]ls each graph

respon I ng méc pro

repeesentagparedifithe plhsdityacf sugrpmqsttleme pf & particalat type. The
problem may include a plurality of sub-problens. If
lﬂﬂﬁbcpnmﬂt@mh abstra¢timmpbassd mqb\mcnm tyhisally sokbvei 4 ypesific type of

h d
pro%ﬂ:}ﬁh ggl:ﬁ %ﬁ%?or%sggﬁ% { e ﬁ' sm 8}/ ﬁgdé)&ea}{l] 80¢V8¥ in;]cgﬁf hCé)rrespondmg

abgiaclodreph rdpfresbh\lﬁtlﬂi O’Wh@ﬁi‘obl?errﬁrrﬁsi Hidlhdead pﬁmﬂft? ¥ suB-pro8lems. If
i ncl udes a pluralltY of different type
theigplemis éntOmReve Problany dhe plurality P E‘Pléﬁ@bﬂ%n% greiof 4hg same type,

and@le e Qﬁech%smmgﬁg%geﬁv&r gsbpr ac H:%ngafhﬁ é§8ﬁgtnex If the

probllemis represente an a graph ng a
proplemn ad atqomphcmedi gsotdem endéncluddsea ghtralitgfofedifferenndpeoiof sub-

T T T U
Thél &tan %Bl"nﬁlé)x proBRnPishepresiitedPb P Bh &BrR% g’i‘a}ﬂﬂ ﬁi\ﬁ?ﬁée Blplurality of

type may be represented as a set of addi tional
nodesior adgess Thadath ef eashaode ouedgamenydie tepreserited b)amn@ﬂeaph a data

struchz}tF Iﬁ)(g %}iﬁaa[ %&Qcttgilﬁ)% ?the cya?a &r ob)| 2 Gath Equg}t') Iﬁle o?her su -pro%?ems of
a different type may be represented as a set of additional variables in the data structure
of the abstract graph. That is, each type of sub-problem that is not defined as the main
complex problem is represented by specific variables. Representing different types of
sub-problems by different variables on a single graph enforces strict constraints on the

expanding process of the sub-problems and it reduces the flexibility and the modularity
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conpl ex problemis represented by specific variabl es.

Representing different types of sub-probl ens by
walzdod/esse08 vari abl es on a single graph enfor cesCBLIIRI®I000389

constraints on the expandi ng process of the

sub-problens and it reduces the flexibility and the

nmodul arityof the solution as it devel ops. For exanpl e,

I e var. d thus L1, sub- robI , e
ot Bl o Rt AR fborPinse i M sS¥aleRls® a M ol fpgprobiems,
areCBdi[ﬁidet&gﬁh@b{Vﬂmtha' Ratie eRp&fing ieQ8l SfEthB QAnfpRdkPoblem. Thus, a
proceed to solve a sub-problem of an advanced | evel

SOIHH?IP meghad ¢anaoispIoceRdotsl whve »Pub-preblem pEaAR admpd éﬁV@l until all

theCsQMrgﬁ Eln¥ oﬁgﬁgﬁﬁf‘eﬂ garv%elsé}% %grqglregz* ?}f%slagé&f {)/rggbcl]v er en%olutlon

restrlctst 0 conc

meltlygae sestrfctd ewebbiliof t6 Wopwkdnelyssolvhdifferémytypéd of levels of sub-
tenti al ro%ress I.n addition, this solution netho

b5 vych % hakippfeniiak rogepsara aeiﬁlél0§u®mp‘i°élmo@ﬂ§e¢1ﬂd H:stncts
théjéb?tﬁl&' B L&Eﬁl@@ﬁrﬁﬁ?golﬁ@mg in F%s’ﬁgb 5 OFEP?J% @€ using more than

procéssor to resol a conplicate
onmedesmnﬁm agesolve 8 cmoipllik:ateth pretilén)l Fethaoesres tas ablutibn ynethod

redyfes TR iy BorAn e R SRR PRE 1§ S BIPOBmR]Or the sub-

prod&R WleA Bx paAdRIERAE AL S of the present invention, a
conpl i cated probl em descrl bes a plurality of

[0024b Apeaidingn®: elbobintdies pf diY) proséis ihegitRae at @inplicatd problem
respectjve 02)2 of data struct ures such as for exanple
deseriges 2 glurglity of subreroblems. Jagh sub-problemy i repeesented by @gespective

S e b
o B BIGAES 81 8300k SRR Pl e
strpttumalsiltlyaa)graplhs tepacsengn@pibsproblgmbemax parepegiented in a computer

syq%%ﬁa&gltﬁ ﬁtﬂ?eygl&fallaﬁ Eb%l{'lﬁ%t D ian Iem y be lvg%étely Thus,

eachSSBGIrableRNBay B WBREd ‘iﬁﬂ'ﬂﬁ@ﬁ&ﬁﬂ? of %t}ﬂr suB'lEfd)%fen?é" dffdre may be
edges) of the pl uralltr(y of abstract Each

aSS@@#t!@m;ebﬁWquﬂ@mI@Q@ £-gdinpoflesr angyor| eégeﬂ) oéﬁheapkutalay: of abstract
h
o e P PGt WS B SRR Sp gfapie.

Heabs uhHkd eﬁﬁt&@ﬁecl&ﬁﬁﬁﬁsﬁ im@hich acsopgslicard tpEotidém ti§ erresented by a
present invention, associatjons between nultiple

Smglﬁs%hsfa%qt ggpho RECOpding| ta cmbedinenty @&ths |PECSERLINYeRILANg ASsociations

belo RS RO S8 HSpR! AOVREE mol NCAAETRA Trohllf fashign g resolve

pr@}lnmsa duinthasnarac lthes ubmphcmd:de iprabdem bﬁa)r dsoleydded in a distributed
i ndependent | y. 025] .G ven npl ted problemto

appyaa 3bﬂlb-w051% es“E?Prl@% 1 g“é’@%‘ll St Yunder u nc ertain

[O(Qng Ggyeri]la{n tcgmgfgatt%dl\grob‘ij Snégi? %e esoﬂsf QCs a{ﬁge g F%F o under

un¢dialil e d@ﬁnﬁ@rdﬁl-Woﬁl@denﬂitfbnﬁ d@bdtﬂﬂl itb ¥mbodiments of the present
sub- probl ens. Each sub-probl em may be used in a |arge

an§efa% tthe; peraplicated Arobirmn ayayabs dividedi intonaphirality of sub-problems.

Each sub-problem may be used in a large search space or in and dynamic environment.

A search space is a solution set including all permutations of outcomes. An environment
may be a set of propositions that define the state or parameters of a problem. A dynamic
environment is an environment in which the propositions may change. Each sub-

problem may be solved separately (e.g. using abstraction based technique). Thus, each
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A search space is a solution set including al

per mut ati ons of outcones. An environnent may be a set
waoofoopi4apassi tions that define the state or par aaAayE2&9nH0389

a problem A dynam c environnment is an environment in

whi ch the propositions may change. Each subprobl em may

be sol ved separately (e.g. usi ng abstracti on based

hsub- ented .. .
o IR e e A BT B SRR e i
owint way\and s itsadWh Phcd. tBccdYding a6 @mboamentd BY theOpresent invention,
enbodi nents of the present I nventi on, conponents of

companeatefrepetabsrach Braphymaebe asseeinted evithsone ensrponents of another
t t
ab%%?pmgrgﬁﬂﬁeoafsso%ﬁwon%r tvﬁet}ﬁ r(rfég&'g %\%ﬁ{lrﬁla ?got%vc‘%?egr%ng multiple

ferent grap
types lof syli-problepss Tk phuralityr aftissoviatedr iilﬁtrb&tlgra}ihstrxyayolie concurrently

ocCi at d abs gl aphs y be concurrently and
an%fg{%‘i“l%]l Y f"@?ft‘%ﬁ §@a Jsas@a SErmped of SRR Ppositions of the
enYOHRABRE Pl H@Sétt W%t ?é drife %Wtfoﬁnﬁ@@fogﬁpgtrdéﬁ?ren@ievels of

any stage of the sol ufion devel opnent
abstravidns off difforent fypes ofisabstraadigidphisemdy by pewciafedadyatamacdlly and

P YR i S, PP PP U SV PRRS Gy Lonment - [ 0026

8 Ay IR BSSRSmBUETLARP, (T iy o

applivations, OnAithbught thei pieb@l inveitivns iy espdinhitedt e this respect, the

tecgwﬂ %tﬂﬁfg%ggg%gq? %);9 hﬁé)g:lf‘gpemn&qrwy bienl{gggallq%g%g;sgg sdcrl]l arsmggsonal
coMpritk st 9n§/orlé§‘ta'h§h§sv31rgl@¥§ ng?ict%r Olsgé{lblgsnéf\lldé{)l ge Qilé}{al game

digital gane devices or systems, Inm l'ect |
dedgestas nssterps,omegfsmﬂycsqrsxs)stmns pr(xzﬂssﬁngzsystgms;wshahping)or display

ste .. digital Iays stens,. communi cat.i 0
sy il oy ; ey PR Rtion oF s aritiopo sy stems.
unﬁm&tea@stexa@dowﬁ sybtéfds, dfdQB likd he sub- probl enms t hat
represent a conplicat ed probl em may be different types

[0(R217] fihe bhtepRobiemssthal tepreséntieSomplidatedrebiemt rhél}t baﬁ(fferent types
lved in | dlffer nt way (for exanple,

of PF Yy 08 FH otbfp%%rg @gqh%anau haterre ﬁ?sql‘éeﬁ‘r ’é‘s% rﬁl& repnyay (for
exa?ﬂxkﬂ@ R SR FnBRESuB probIE MY Q%mtgpéﬁﬁglreqf gé% Qntgt'f@ﬁdgugﬁ 3L Juad-

t’he present inverti on, stract gr hs are Use
tresrseprcd;geqzﬁ Ancpriing|to cmbpdmlrwnm ofgbé pteiscm snventibmabstract graphs are
obl e

oo RaRPERiTe TG+ BELaCroM a0 Wit RioHePABCHREh tinsumelcated

proBfent he caMptisedC ind adddftidas @ Bliﬂ[e@pﬁét@E&l cbBP@fhts of the abstract
According to enmbodi ments of the present invention a

graphsaseappePIigte hod nay represent a plurality of

proh) ens havi ng conponents (nodes, and edges) of_ a
l“"?gﬁéﬁwgtngdo dgRenth o8 dpa PESENtaBENigB gx%th@r mgthod may

rept&eRt a PlGraliRHbf RUEHESEIRhY HRIE cShponents (nodes and edges) of a
complicated problem in separate abstract graphs. At least one, but preferably more, of
the graphs are abstract graphs. Some abstract graphs need not be solved to proceed with
solving other abstract graphs. An abstract graph is a data abstraction. An abstract graph
may be any representation of a graph, for example, the graph itself, a database, an array,
tables, strings in software, data elements that may be used to assemble a graph,

instructions for assembling a graph, a map of relationships defining a graph, vectors,
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the graphs are abstract graphs. Sonme abstract graphs

need not be solved to proceed with solving other
wabebmaces gr aphs. An abstract graph is a dat a PCT/IL2009/000389

abstraction. An abstract graph may be any

representation of a graph, for exanple, the graph

itself, a database, an array, tables, strings in

f r d ts,that SS
ma DRI1ed'3h ArRUEATL 2 HARAIRY i3 (0 ad2 LR Bradh, or
any 6thet b abditaptortief iheighphabid@/Rh AnVaAEiradtrifdSay be a private case
hash-tabl es, an ordered set, a hierarchica

of graghhieh mak 6fiy1@|%mﬁalbae>ma@é€dg erﬂwabstwctxﬁ%phdnmhavm plurality

of ﬁg’(?etsrlﬁ%n ORaftdbld Sa QF Aond %V\ﬂalla@g cﬁpasl%xé}a% dgta%l&)at may be
may be a“private case of graph

retdwe&lnfrcml inymex;pamﬂledt ﬁﬂ"lfher aiqsinsmt otgfhapibsﬂm drg@ptetodincreased

‘Bk % of nodes havi ng vallable data_ or
levelsy iﬁ iRt eoAph maicce R drfgyingreased deyelhigr inrggseifbe number
of Bgﬁers' GNE A ddsP IMITRIR! % ﬂ%xjé%gutfxe ohﬂte{ﬁ] gﬂé'(ﬂfé Qirebfifading

abstract graph to Increas tract gr
themeig. Dlae ebqﬁanﬁg(dph mnaynhaveah@doﬂeaudl te Heo(buh lIrleaJBErd:qh&ed to be)
nd thu to,i ncreas

nu of no

ex SR lo Bereaoa udls B araCioh, O AR g ahsat SrappHis have a
solatiér fREmag FaRdin MRYHRVA paRRIIP@bREAI al to be (but it is

not required to be) expanded ' to increased | evels of

[0029% Wcamﬁmgnto eﬁﬁfod&nmbﬁheme@bsmwmtorwmwoma\as néy be
sol ut on .th y remai n unsol ved or partially saol ved.
cor (ﬂrnaé ematixedencse ﬁg@r@mgttﬁee%b(@é@ﬁqts of the present
1mleﬂff@r{“nb99ﬂ BB b D618AO BE § B gﬁxa@@ pfodileh AL RAGKAAASome
or al’ternative. ‘Hence, accor odl nent's o
sulppwblemts inay eet lefinunsobked.atd b Iselvsdltaspho [shiepeobdém abstract graph
roblen1need to be solved. Sone

‘“%? | i.cat ed
p@ﬁﬁﬁﬁ? fray be |eft unsolved to be solved as the

[ d [ ess
IO‘FBBEH% WS AL 26 o BRBIHE G5 R B, SR G papapically
chmmgdﬁmdhﬂ)n@ﬁsﬁh ragnfoe akixmplehalwlgeg irC R CnkvirGMBents changes,
| e, changes _in the environnent

f
locg g 9kral FORITSH SBbADEE fackosh diach AieLs PErE SR of any of the
sub- ﬁx‘a)pr R blf ERCddd T ReRAS 'g{e_aéon Jf § hefen %?ynn?én the

ens IS extracte uences t e conditions

[003NT At fifgoeiidd FpRéseRtation Q&%ﬂdm?t@ eBeSInRMAtY SPMESRELAL in98htion

according to enbodi nents of present invention
inclydgs ua@gpmabatrpcte gmbs rva&t agaoaa@hgn vhrtkls mm gheiiropomponents

O SRR, OB BRI 98 b R Bt o

rep@’samb arsgemﬁseuiti pro&léirpﬁ@uuflg 8 s@lu’ﬂoﬂi) ﬂﬁbhﬁmbhaﬂddﬁﬁ)léte at any stage
solutlon t hat ’F be inconpl ete at_ any stage of the
f &5 solvggoPecesss . Thent @t%@t@@r hetwsan (e v@@érpre ems is executed by

czﬁfﬁm&?ﬁldg%o‘aé&%&éeﬁ%r% 9%@?&%&8&#}{% st%{ag@gaphs

Yo edges Or any ot her conponent
[O(B!ZPSﬁﬁe each sub-problem may be influenced by an uncertain and dynamic

environment, it may be impractical to achieve complete knowledge about the
environment. Thus, the solution of each sub-problem is represented using abstraction.
Each sub-problem may be represented by separate abstract graphs and may be solved in
its own way and pace (based on the partial knowledge available at the time). Thus, in

contrast to conventional techniques in which a complicated problem is represented by a

_10_
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[0032] Since each sub-problemmay be influenced by an
uncertain and dynam c environnment, it may be

WO mpv/actiocal to achi eve conpl ete know edge abordT/ii2€09/000389
envi ronnent. Thus, the solution of each sub-problemis
represented using abstraction. Each sub-problem may be
represented by separate abstract graphs and may be

siobf ARl Brdpb e PR 2 R Bhn el horBafididoblgm by
a phaalg if asydiated bBitACH dRphs Withidifdied 16RO Matr&ions.obl em

is represented by a - 1 0o -single abstract graph,
[0033 ddsoviation tefwednealistraetngriaphs is @pprocssn tha conigts 61t @shponent

obl.em aplurality of associated abstract graphs
m%?areﬁﬁld@r F?%%)ém% Regtfaiselugion hope aue-p Lem (@)@ ggfnponent of a graph
of ABSME? ?Eﬂtﬁp sORIYE ST e %B-;ﬂé}lg?gs ArSa o@i%?&? Si5ayt Bt 7.8 a

connects one component (node a r edge a partira
pokigdr a ingp, in$trustiens; wb ofheo bate sirtouz, thetindivetes agtlatomphigpetween
o of anot hﬁlrf far t.ial solution of anot h%r sub- pr %bl em An
rgggrbegfsat H SF&(‘S}atHZ)él’ prgc_:ed_s may Lﬁsiarﬁogpc’:c ]é’nr{ﬁ'ﬁ;’ such as a pointer) to
dirbdiShfofiition Fom Wne kR sélatich Bl the6ihef B fakilidte iileHep sBRing or
a rel ationshi p between conponents. The associ ati on

eXpANSIOB ©F bohnabstsact grapbsnidetasnsiation grocessiig Horgsdynapuéallyeanyl may

ire Lnf.qr [ f 0 artial solution to.ihe
e Sl RS 2D, ST BB A POl i ot
cotapbiienaifHotlacdmppreptiSatiSip 8pasfo cordtraidts) PHaRLSEmb&Iifhens of the
dynam cal | y. and may be_ based on predef.ined, rul es
Preé%‘?tg‘.r‘}’e‘%lﬁécf? Higate ase lsibilayandemadwlatityatwingythenrefinement of

par®a P& onS. BRbrel the g%@ge&@@gﬁgﬁﬂnagb% ?Jlev%? 624 bistibuted

constraints). Hence, I nmen resen
approadntinowhichc eddht agte probieen fhaxitei rdsblved niddepeaidémlyi tayd/or on
dT%%riﬁgtthe refinenment of partial solutions.
L BETLEBMBY e e conpl i cated probl em may be resol ved

' [ [ bu roach, .in .whiech each sub-prohl em
005 BpfoBienP 4 HARERC ) s SRR HoaPRRReFBlehods
forcsamplecinconipufs 4lmblatoey] iwteid sorfplidated probieRs] such\ee FohAguring
i.ncl yde cqonputer inplenmented nethods, for exanple in
theé&ﬁﬁwre?f \arthalichrigisTs apnihes catitigs maxbe golyed Bnd rut topagsice, by

SR SOACLALAE o U A Sl SO AEL L3

[0038] Thét® i§ ANBrektheddOin el arPo pRsiddIR-REMBA 985 solving a problem,
representing the conplicated problem [0035] There is

desgrigecbas (diadad into)tarpdurality efosuprpsotleras,dn vdtichosbnieoer all of the sub-
o TSRS, 5, 000 )

urali 27N Which sone or all of the

: nd only partially sol ved.
[oo?gBREfEPén% R8O @k ?#ﬁgrcf@.

36] Reference 1s now e to the figures.
[0037] Fig. 1 illustrates a graph representation of a complete solution to a complex

problem (PRIOR -ART). The graph is an example of a hierarchical task network (HTN),
which is typically used by a problem solver to determine a sequence of executable (e.g.,
atomic) tasks that achieve a mission. The graph represents the mission 10 in hierarchical
manner, in which the mission 10 is composed of several lower-level sub-tasks 12. The
sub-tasks 12 may each be further composed of other still lower level sub-tasks 14,
which may in turn be composed of lower level sub-tasks 16 or of atomic tasks 18. The

term "atomic" may refer to an executable task that need not or cannot be further divided

_11_
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[0037] Fig. 1 illustrates a graph representation of a

conplete solution to a conpl ex problem (PRI OR ART).
wohey/g4apth is an exanpl e of a hierarchical taskCTHRWOIKIZSY

(HTN), which is typically used by a problem solver to

determ ne a sequence of executable (e.g., atomc)

tasks that achieve a n1SS|on The graph represents the
intm 18\%{310 fév%lgsdbgagﬂsekgécgrgm Y, tgagxrgngStTl%\(%%pee{/e&resents the mission

1081!:15 -16\96'|<16ve1 ﬁode'Eh@rswﬂt Gubstesks12, RychHeag&hbdeorhpdstd 8f lower level
conposed of other still |ower [evel sub-tasks 14,

su nEh 1bgr 1@ oF @omip dasks kg o $hel layrest gbetaskseaye ptosuip 1asks t8. The

rob s B3Ry TPl LA T f e o

noﬂcsrankiedgeﬁ 2.0 aﬂﬁldhe number—ofriévz:lé ofirgib-thske elypissllly dep®ekids on the type
Accordi ngly, the highest-level node represents the

of hedupliEMi 0" and | ower | evel nodes represent sub-tasks

OBy A SRRk Sl B s o

theamm;ﬁarﬁﬁﬁé( roblem Tlepres@ies 9T at dienplée aﬂiiYTﬁ’@ complete graph
. connected bz different types of e g
inchydes ageate sk missiond§) ﬁﬁals@@g@sstmge Hdo icweerﬂ@wb eub-tasks having

|
ato{nﬁ}é %!F() c leS 48 O% 3@? I%eme‘&élk Y %%Eﬁ'gxgc%l Of;hé:régat{:xy t?:lg Inr.lmber of
iteiakilvel sﬁepatthaes gmatfetl tHeyhusridey eﬁ nédmnm{me eréatdr ulid RRelt ¢f dbbl(iiactlon
Iannln%ﬁgroblen1re sented by a_ conpl ete

ahpdedpay bave alenslizara ofabsirantion; aha gbfgyct graph

w1fhht% ActleS BRGMRVE e vRE oh@ Bpall)s%‘ﬁ@ﬁorl %}{l 3 l/ﬁsscH@ sc;lﬂﬁ? is reﬁnefd the
havi ng atoni c execut abl e tasks at owest [evel

nupbehofdewals bf thEhabstrace gtaph is ineraasath dhe oﬁrredpendmg wdditional nodes

the reater. the nunber of no
and RS oo R infread hatier 9 OB ah Lty Kemd i the data-
strivdtlird oF il Aedect BPphhave a | evel zero of abstraction; an
abstract graph wth two nodes may have a | evel one of

[0039} Noded Iamh ,edgdscare Adutd BrRuctaleytwinioh irsay" &fri ¢x@ehpld Be stored in a
nunbe abstract graph is increased.

| evel s of e
meriRgY b FRTpYRA Wategumldawaﬁﬁuﬁ%@a&ﬁ& lygigg g example, bits of an

arrfP Ve SR RORAbE RaliRtbRGngased number of levels are
typically <ept In the datastructure of the abstract

[O(EDPPTg 2[ORafdticing Afustids @ Qafsh RpRsélMtnSIfT éﬁ%ﬁéﬁl%luﬂon to the

whi ch may for exanple be stored in a nenory of

coreakﬁs mbigngfé“ﬁérh hreanigsien 18t patiahlye sotugd. i lelld@lutfcms to the

BAFTRL e 53,50 050 B T A 1o

hawgr aioﬂmd epksekSeattthe lowesofevels ﬂﬁrehd:}ﬁbraﬁai of ihergraph. tHéwever, other

10 tiall
sul%@plg%ﬁf(A Bé&balrrgﬂn%%g‘fegt(p‘gnéog ggcgﬁgogesdl 1?1tno atomicstaslcl)(asl)r rally

[0041] Fig. 3 schematically illustrates a flow chart of a method for solving a

complicated problem according to embodiments of the present invention. According to
embodiments of the present invention, the complicated problem is divided into an
integer number, k, different sub-problems. Alternatively, some, but not all, of the sub-
problems may be the same or similar. Each sub-problem, 1, 2, ..., k, is represented by
an abstract graph. There are k problem solvers for k sub-problems 30. Problem solvers
for sub-problems 30 may be denoted as Sub-Problem 1 (SP1), Sub-Problem 2 (SP2),

_12_
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m ssion 10 include sub-tasks 12, which are deconposed

to I ower |evel sub-tasks 14, and have atom c tasks 18
waa00¢/ng7dsowest | evel s of each branch of the grrqnL2009/000389

However, other sub-tasks 14A, 12A are unsolved (e.qg.,

not deconposed into atom c tasks). [0041] Fig. 3

schematically illustrates a flow chart of a nethod for

Su%qu fﬁl@xgl Sa% 2‘?.41& §'€EO gulpf’ro%k 2%?%9@9%%9% gﬁn&&ﬁl{e 1ng1'cate the

extsh:ﬁac@ bEfRR subAprebletrBrhat} Meordempl avert GrRfcifgIof the figure, are
divided into an integer number, k, different
omyfied. oy obl ens. Al ternatively, some, but not all, of the

[0@‘{#@ &LS%)%E%E{ rrnl?j/ Sgl%e tCQC u%-prp lrepleslﬁl l arﬂ?lgg’aﬁsg dﬂ its own way or

paéd) Yak &L bn Ahe RPBstrakh %‘Eﬁ)haé&re,lﬁ?&{cﬁ)[@ eHer&0! 1 e?le{?% eﬁher a partial
sub-probl ens 30. Probl em solvers for sub-pro 30

soltign bea@emle‘é@d Sdgtlc&mz Pxodrseciation( 131@|c9s,s 38ubayPbo bsedrto Associate

g o7y s oterad ot Pt b CaPepheR o ch g orer o

geﬁ)efratﬁm’lﬂieﬁ dlpaptidl doRiFont Staéomplte doli@tfont 36 FOtHE entire complicated
over-crovvdl ng of the figure, are omtted. [0042] A

@¥Bessor may sol ve each sub-probl emindependently,

. n its own or ace based on the, abstract
w(&simww&q;m A4 betiseh partiabopeaeplsicsolitions 2 anay be carried
oup@éﬁeh@xlng%l WhérOthe Protler ‘%Hli’zkﬁtf%r S Plob¥s3%0 Pr%r\‘ude tﬁe partial or

associ ation process 34 may be used to assocfate
cmpaktq s@lumnSCEhp Tae e)réﬂl int Which tBQ paftlai loe cpplead |solymorﬁs 32 are
ate eithe

AR SR e oo ronBlesl, & EBrh. MEEFmaRRy  tnavalabilty of

1nf6ﬂﬁatfoﬁa reQiiRddi t6 abRe ea&pahﬁlseobieﬁ%ﬁa aAaBies GitdiRdt fEéth%Qﬁzﬁ may
34 between partial or conplete solutions 32 may

be dgtermingd di)/‘lna'@é‘}?Hh @ rike mivmﬁ@ﬁOQqS% upfoddsl. dier gzsamelles SPb may be
ex Qecprd 1%%%? bMWY, dedEroii:Qe% Vﬁ{qné)g%ang rSﬁOPﬂ eégrtlal solution of

ol utions art
SPt aopive levelsahast b&m&di‘la eﬁpz&ldrﬂ'mv M&ﬂlaﬁeﬂymﬂ Sna@'rbd }litﬁ;mble to start
bl em .t he avail abi

t f h - t
SOl R ION o R sl SEAPagiten's S e gbingnlogton from
SPY 3(rol' QItHeroéPPBBﬁfneﬁaﬁ:&ﬁr§ bRl e Ekﬁ%f gxﬁjgfgﬁﬁt%)? which may be

dynam cal 'y as the solving process
negggsany)l te solSPla curmrynteved pHsubdpdbldonBP2.wo | evel s bef ore
roceedi ng to expand SP2. The partial solution of SPI
[0({336 1 tThs qs&;:@tg)nrmweg%3ﬁ suyes & aniptenaedipe between the sub-problems

sol‘eérg emgtaés%@fa}‘w% g} c'ngé %,‘E nﬁgesss%lg B aca? SO u%rotns So Hgferen% sub-

en a cer |on|srea

prabéénng ih nérdemao i applyt 138NMtHBPintégratedt SubiticP)to Ofht aérividnimeMM The
a related leyvel (e.g., information which may be
assueiatiQny REQPESS; 3 BN \ASSOL1AEGH, QNerer METReforppONSHIS. qfrm gbgiract graph

withPéne or more components of another abstract graph according to predefined
propositions. The association process also may control and coordinate the interaction of
the different problem solvers and may provide them with necessary information. The
association process 34 enables loose coupling between problem solvers by allowing
each of them to modify the corresponding abstract graph independently. Furthermore, as

the problem solvers interact only with the association process 34 (e.g., instead of with
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[0044] The associ ation process 34 serves as an

i ntermedi ate between the sub-problens solvers. The
WEIBCi4a0s on process 34 bridges the partial sara/ir2o®/000389

of the different subproblens in order to apply 38 the

integrated solution to the environnment. The

associ ation process 34 may associ ates one or nore

cafRanan BufpeapREphagTbpslsbieth i udnghGhngnt br more .

spaeifes) problat spliveRasdy infidet withetis pasbléh sélReldl 0OCcess al so
may control and coordinate the interaction of the

[00d55] Fay. dris a }ﬂloozbdham showitgyssepa ol sotaing arooviplieatel @roblérh faccording

nece sar% ﬂ@ornatlon The associ ation process 34
to Ipbgei Q5L RGP MKENtioB: ween problen1so|vers by

0G5, B I, e HRE TR RUFRL bl B BR0 i ot

proleaiy. die $6Mi €6 plicHi@r grobleBNity bE dRidddeprast 3o ‘iﬂr@ée‘sﬁﬁ\g by a user
process 34 (e.g., instead of w theach other),

or, RIABERVRSY. e TERAsEBE P f<Prpesstasdaetehbs AR Erindt lina}e ficlude an
ouﬁﬁﬁjg{ogaﬁﬁ%(e g., specific) problemsolvers may

terac h ot her problen1so|vers [0045] Fig. 4 is
[0037] trp%&ﬁ%ﬂ 48N HIGal SEHSR5t %fi' ?l &P éaEﬁ‘tsﬁg Lproblem.
probl em according to enbodi e present
Th¢ ﬁbﬁ@ﬁcﬁ graphs[ro@e] cdnstragsed mta mnpmmg systenmibiyra processor.
l'icated roblen1|s divided into a plurality of
[00é§ m@w ZrRe ofthe setopisbleantis selpntesbl em may be

ded orlor tQ proces |ng o) er or,
003y b Rl §4. therTRprohleBas lemiively decgrinosd by expanding the
absﬁ*ﬁ&f} M asIhatasPodsibRUsHEGvALLN dgsed set of nodes.

In operation 41, an initial abstract graph is

[0050]11:‘d fopéﬂ'aﬁdn 1 a@iaﬁﬁoﬁld@ol’p pedteSsdeteRin@9 St faAChssBERRRS exists
be constructed in a conputing systemby a

beta die GHb-TFedor) Scléetashin APPBHONSA2 8né ashert meb-problems. The
assgdRidH g@cgsgses'ta%léﬁése t§£?c1gtgf914%the5h rrslahoc?e ofl' ﬁrtstt %bstract
sub- pr e

l'emis i1tera COfT'pOSG expan d I'n

graph sf theabstgaca plraphs amdig kEcaﬁd podesofia ﬁc@tﬁil aﬂbgtrﬁt\t @rdpﬁnkdfahe abstract
dat [005Q] .In operation 46, an_associ ati on process

graB}gsr Zl;hrﬁ ?Fé%“%‘tf°“aﬂr°§§¥o‘iﬁt%¥f‘}"&ﬁ§ R9cdgtionp efzer pagies according to

preﬁémieﬂré%%&zmo%eﬂuﬁ%t 3 g I8 spaafiad b B e élng()rﬁ%lF}SIr An association
sub- probl ens. The as3oci at 1 on process est abl I shes an

ma}abs oeddgtusing edlgerthntof det@mmmnl@ies fhawingispedifia kigtarthatt satisfies

pred BB 6t ac el G A Pa e RS srerpgociated may

incRE8,0f0F 3kdrBple P4 B61REOn HBHA SHuBRFe, ASHARARY iR A BRL Y§REented by
nodes according to predefined associ ation rul es, e. g.,

the ed @pecified by a user or conputer An associ ati on may
e usin al gorithmt erm ne nodes havin
[OOBgleﬁzatgerg gal%ocg%{{qnstp [ er su -problem, a process may pr%ceed to
operation 48.

[0052] In operation 48, a current solution is extracted.

[0053] In operation 50, it is determined if the achieved solution is satisfying (e.g. a
complete or partial) solution to the complicated problem. The complicated (main)
problem may be solved, for example, by a human, the same or a different processor,

and/or by other software modules (e.g. a simulator)
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predetermned criteria. The predeterm ned criteria by

whi ch nodes are associ ated may include, for exanple, a
waemowps7erodal structure, a simlarity in the d&EBIL2009/000389

represented by the nodes. [0051] If there is no valid

associ ation to anot her sub-problem a process nay

proceed to operation 48. [0052] In operation 48, a

t | ut .S_extract 0053] In operation 50,
1004 E s B, Sufin o P PEiebs g ShG o operacon 's2. I
ho®@idrsthy i deBiev&d Goluiok A5RIceIsBtiFinpatHel Alobesd OhiY ipffteb® to select
the conplicated problem The conpl i cated (meln)

angfhersubrpreRlgmisad operations 4450 arcaepdated fbythg seimrtacih subt-problem.
i fferent pr ocessor, and/or by othe
(0B3] Trdv b cis Coach. s ussi 0619 (sogapor “amgbstract. graph
| t
coR&PbiARE 15l Hibl Z&Bbllfgﬁih%\;ﬂ\ie t/hg:?é/ %)ﬂgts a Ezﬁlcpé %t? ur{rlﬁ%/) anatifer node,

at “operation e ac eve
themain Sacqufcyn inperfbimed4DcBesproegssqr mayp swittlo ts theessociated node

ub- bl d t 44-50 t
fo et i R CBTBIREh Gl OB{ToRt ARPIORERE Ol Ae the

assoaiaRat subSprebReh. t PheS Prd@sd @%ofm‘éﬁﬁactaen AReAT 80kt aBNo the
corresponding to a Sub-problemand there exists a

aSSOQIIatedSab-@mhlml on to anot her node, then an associ ati on

is perforned 47. The processor %;_ switch to the,
[0056} 6‘6?%(@%%(%8@“6?5% Maye for, ther ghsiract gsaphssigpresenting the  sub-

prdbEg(; Y 5kt Q:Bn@gcétgn%}s%rbg ’ef;?\y re%_ﬁ'gf)f ﬁygrd@fe(abge? H% 8§de§ c&lé/rgof and

assocl at Focess tr
acwxdmgdxt the ardenimenof Ehel nﬁdiesmteﬁéilvt:ty itteenAgs (Dématledvailable data at

cachn 0ot Uy UL Joise SHIOD s HEo b oD! i 4f-broblems
CO&&QOECH?‘% td BRtBGra% QRAghMhef ﬁBce%?&rr}n%f S\@Hclpfodi%rgtgs{éffﬁtté?ﬁptmg

nodes ereof and according to the ordering o
to TeliRye avalla@i%\data/ &na (hffc@npnoctecpfraehffcxeneamtrmtl@ztnheofdh‘t abstract

e node and | f he ava ata canno
graPhs. OB Tl rBees§H shine i WS Sl B SO Pipe "SubprSBiems
cox@éﬁpbﬁd&ﬁg ta)d Fipdl abbtRett REHHE B QrodEBYor Sidyt €92 dada which is a result of
iteratively atte ting to retrieve avail able data for

solgingithe Sé'rbel-ﬁf’ ﬁ@or@r@ﬁp metp@rseeﬁnd@bgqracéetapgr aph of the

ract If th rocessor ot use_ avail able
l0032f§°kvwgs f’l’f Ss3ipy uSlemay X Beien e rglytigngof the main

corﬁb]ﬁcfa{edq})&mﬁct graph, the processor may use data which
is aresult of solving the sub-probl em correspondi ng

[0058] Resobwing kol ddlor fTrRidl a p&@ial/ br &thMeR@Golution to, an abstract
sub- propl ens sinul taneously nmay expedite_ the sol uti on

gragh rqawéefeﬁrq]g@@fﬁgpg adesut. BF diaregtively, attempting to generating a result,
which may be unsuccessful.

[0059] An initial data structure (e.g., an abstract graph) is constructed for each sub-
problem that is a component of the complicated problem (e.g., of Fig. 4). The
construction of the initial graph may be based on given knowledge about the
environment (which may be, and for many real-world problems is indeed, partial) and
the type of the complicated problem. As refinement is carried out, new parts of the
solution (sub-problems of relatively lower levels) may be extracted from each sub-
problem. The refinement process may be iteratively done at each level until the solution

is completed. At each stage (e.g., level) of the refinement an association process (e.g.,
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[ 0058] Resolving, solving, and/or finding a partial or

conplete solution to, an abstract graph nay refer to
womagiaresng a result, or alternatively, atten®dmg.2000/000389

generating a result, which nay be unsuccessful. [0059]

An initial data structure (e.g., an abstract graph) is

constructed for each subprobl emthat is a conponent of

o ERTBASEGPESY! b5 b bl Bl of e st

preblMas mey Byl Adamteh ey, Jhﬁa@ﬁfé/rhhg NARRhatiMbClhe ¥BM11BE from one
and for many real - wor | problens is indeed, partial)

abgiragt graphttg paotber. (e aswejtion arectsp maly| kena sepsrate piogessegimm the

r W parts of the solution
extaghs %orﬂt ab%Hgthgra el ati veI y | ower |evels) may be

[0660] rﬁ‘ét&pm{sf&qu y de% ac ﬁ{y}x ligb\?_gﬁe%f 61{1 %ﬁgﬁgtexBér‘P Eﬁgﬁledge

may be 1terative
relswingito the speriftosybtmrokldm Hmngemﬂzedst age (e.g., level) of
the refinement an association process
[0‘{(51] ¢onsidsoidie dellomng esampls relatedfto F:ragung)mdmmub@on systems It is
0 | ut | s _of the
ty;HngIa/C{la rgt(jj, iP Z‘{hte f?él% 3 Sy a? ap rslyﬁtamls,n f‘)?af(f) oﬁon&?uqaxy %enerated

forze|(QGFY Bnﬁ‘ltidarmﬁﬂﬁ:aﬁﬁt&i behabioflr 0B kh@w&ﬁthhEtft Eriigaging and pre-
associ ation process_ may be a separate process fromthe

Progeyaming i advange apthe rHS’é%lblﬁr Hprtiopemb Fvertie thak pass pepwr in a

o1 O LRG0 o DAL AL 1481 By
usgbfto gpdan hq@ﬁﬁ]mfs‘smai ainxlsndrﬂ[mxsf}olai; owwngpmammiee arel aliaddes are
simul ation systens. It is typl caIIy

recd’ggliZF‘g t&‘Fg“’i“H@‘%S@F @Mof si nul ati on systenms,

e B R

scematlofr BPEAGIha KPiterds b(ﬂ:naﬂb’ﬁzﬂﬁﬁssﬂid thhhie peEfSnhdd Pintly by multiple
situations and events that may occur_in a dynam cally

CCEhemiicngayitna eammlicated prehlemudatisomprisesaerd rrablemmiodvecte.g., 2
tasg{}%lbﬂde?%nmyte% Sl O Pﬁg}l ehPsdlbe Chahl%gented by a separate

ononousl y as eW oppor es an es ar
abstecbgraph €khei abstrave geaphfbathe cask platinermmaly (b@@al]xstﬂO&d for example,

non-l.imtin Xa e of n enbodi nent . of th vent|
using a higgag %PB&F@“E&%&% 3t SXplojt, weﬂaﬁqaagﬁ E&F&' of a task,

WHIGHER hb WA ada Hisratchital Talk NSwRaK lahx%rnt"ﬂ ¥ t%?‘n anner may
multiple CGF entities may be a conp |cated pro Pn

organiye tmantogb-tcams @cgltdll@'moébdtlv e‘mspetamg, reseurt:%ss kvallablhty and

ner . .Ea sol
o, RHBES TRiipha ALy PRBE o6 e shebhe e orind St lamper may
gelﬁrﬁﬁ honfph falfteal tigk (fRised BRitsTBYtrdie pﬁﬂm%umeage) fv@ﬁch may be
|l e, using a hierarchical planning strategy that

rep@%ﬁfi i fefingd| 1o ecomenawre compleipi assnew knovdedee is gathered. An

association process may integrate the partial plans dynamically as the partial plans are

refined. The solutions to the partial plans may be integrated and applied to the

environment of the problem. Accordingly, planning and execution are interleaved.

[0063] Fig. 5 schematically illustrates two associated graphs 60 and 62, according to an
embodiment of the present invention. Each graph represents a different sub-problem of
the complicated problem (e.g., a mission that is performed jointly by multiple CGF

entities).
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which is known as a Hierarchical Task Network (HTN)

pl anner. The team pl anner may organi ze teans into
walosiedes according to their conpetence, resorITHER)09/000389

availability and other related information. At any

stage of the planning devel opnent, each planner may

generate only a partial plan (based on its current

pal, knowl edge), whjch be.repeatedl y refined to . .
o3 i el BRI e DR e a2 i
madfgiaed 8y a0BskOpRARSS TRRYask A8 FEprkSentd¥asPRddel ahd BleARBitionships

dynam cally as the partial plans are refined. The
betsvsen theotasks aretiaprepented by edgeanSinmtarlybéhe eamgireet €0 isaard abstract

pRd i 0 e _enviro nt _.of .t aobl em
p la%c@lotpgg%g ‘y],tﬂépiiean . g%a’n%@eagﬁfp?b&ﬁ{h 'SP RlapeE JLhs feams are
repréX6ARY akhgdesandahehRtdrétiads amorlg he tdadiseiie rofReRfica Qi'ﬁ'&h@ 8dges.
graphs 60 and 62, according to an enbodi nent of the
The eganhip of ibathe planesss aEa@ﬁerg%eg s splved @h depsipartialardynamically.

SR R HEAIPLSALRA OB ol s sraph 2
andetheit¢dane gpe HO.OBE] taskhgrapla6Xisgoapleté Zhes al theaasiisraae dedohstructed
2 is maintained by a

intg i@}kgg?v h S By g wastdeel a? eabrrarrhpf thipgraph i atomic
exégg@breechﬁ@. TRE %b%np fed 6 YERMPILE WIRA R (AL feahf %@&&B?ﬁ%&a%ﬁ into

ges. Simlarly, the teamtree 60 is an abstrac
sutpfeamb davisg melativedy feovenplayers ugol ths lommeshlcvichadh-togms e individual
C(.J{Peeartnﬁl anner. The teans are represented as nodes and

h&" M er ar chi es anong the teans are represented by the

e e
groaad atatnl' dy pi dedssaft Foselti NElse asisgion ahdyobs dedordtrdctéd using

bet ween t ask aph 62 and.the teamtree 60. The
seve we@m# rpgthg% FAPBBrigltdAr &FpectHosituatny inpthg environment.
Foxfj @)@:Qﬁ‘ﬁte,lr HE LRI it LRadiO YR olofNE |sta?f|¢ﬁ'ﬂ1@%ﬁ:e%5§' lust B€lo; A attack

owest |evel of each branch of the graph is ‘an atom
apreashucrab|high attck approacharfihertesk flnher sadenpd dteebesh@ppahth (or

parligl st FOEP, Bl 7 3h& Harl, kivlades hliihe Gpironment. IF the
envitdAnicBA T a aW€ll-sétidted gioahd GoBNiHe! forcd AAQOPrefedthé Medh attack

for exanple, when the nmain task is conplicated problem
appreachgwhisdits fyipinaHy saferini these coyditians: Ai rcraft Force". The
i ssion _may be deconsiructed. using several nethods. .
[00R5E AREE heoplannier S5igPi 5@? ARRIOPTiAe PR9ae] ftj decanstygtsithp task into
H- S %t & tn i
S L AR A, eN A RS BB, SR E AP Shadk fppposch

mayp be gleporgtructed sk tapfollowitg subktesksaSdrgatian toeattask], €8y so target”,
rtial soluti g{g%ﬂgccordi ng to

"aif ek n B ete YHbolth 41 KAV e eV ipment, the
knowledge about the environment is incomplete and further deconstruction of these sub-
tasks may be required to consider additional information about the environment, which
may be unknown at the time of initial planning and which may be revealed later. Using
the abstract based technique enables the integration of new information as the partial
solution is carried out. In a similar way, the team planner may deconstruct the "Aircraft

force" into sub-teams in different ways (e.g., four-ship formation, two-ship formation,

etc.).
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environnment is a well-secured ground station, the
force may prefer the high attack approach, which is
wa ypd/calidsy safer in these conditions. [0066] AfdTIL2000®00389
pl anner sel ects the appropriate approach it
deconstructs the task into sub-tasks. For exanple
"attack ground station according to the |l ow attack

(0@ TRE SR NigP R A58 W ST ae ok 135 52, s e Yeum graph 60

ma¥t BeAdilbjecldo’ c@ﬁatmts @H}@céﬁb-plmt Fot BxaAfpl&iNGE rpéﬁbﬂn&eg of the
dynam c environment, the know edge about t he

"aip @itagko rﬁwhﬁ@sm way rbémp'ﬁtequ@edah:d afruqmrremend dlasribe pireraftofiormation
t
i PR PP AR ST | Cnul i B b o rom e

assoeitide puodesmw thd tédne planiter. ofhd tﬁahi @lanﬁklaibntl{éﬁ RBgbnsible for
whj ch nmay be reyealed later. Using the abstract based

Planpiag 3 teie theh sisEes thees Ganstsgjpist WAGH o7 APRRgPTA1e Gt Rignned the
ass%&aﬁ&?ﬂe@ésrs la&8doc Sl‘ﬁlé H&ie’ in catragk ?ABR 1b) t}heh P¢ es%hg' ?Example,

team pl anner may econs rc Fa
thef 'talrceEttth h¢ub-taskbtot thamede tin dief tban eree 68atiist epregents the appropriate
four-ship formation, two-ship formation, etc.).[0067]
“a¥he associations 64 and 66 between the task graph 62

[0(@?? o g ggnas 3 1}._lu?9rate an%ﬁag? H{)Jllﬁ Z%)Btgr?g %}?aﬁ;hoﬁ }‘ S?ecgﬂlé]ue for

solviigra abﬁnpﬁ&a{eds pobleds KComYddR EDHOM Shd RA2BE M heir children Ben,
requirement that the aircraft formation include at

Karegand Dangrwhq arerplanning 2 poe dey Viel de the, Natyred Higtpryt Mupgum. Ben
is yé%?ssﬁﬁ%%gn is 9%&1? B1E G '1@% h/&ﬂ's BIL TR ‘?mL?ul{lll rpteﬁﬂfgnhours

anner team planner 1S en responsi
arepﬁeawcanng) @0 tee b8rD0 hBhe mabdwsi o&brstdadly acnmmei rexeits nd Wigporary
| anne the aSSOCIatIOQb process
c

te t
BT BB S RS St SUOSST
and FiheRERhfhg. fRVer8K 2bMiffes hﬁg ha¥k Thatd k@fforals E‘&hsh@ﬁllfs Q.. the

t he node |n the teamtree that represents th
Gakﬁpmqsgnouc @s seraened[l@06&in k06-3:30 :pme liatalddlallohythe activities may
¥ ustrat.es angt her .non- Ilnltln

incid NGRS B i B Ba S o DheCH ) S Reignpdapty for
yo@@vctlﬂldﬁdhﬂ s6ia€ ldeler abvitibLhre débigh%@ TorBRiults KAl 8RRt 8fher activities

Dana who are_ planning a one day visit to the Natura

arejglagpifieq ap/frsiliactiiies). Aceordjpgiosenghodiments @ﬁthr:sore;seyteavgmon a
el P g 58 L0 FIS RS BRRERSOR The i

is tadeddvthe ivisitprseimahd muaeudn taecqeding ity tlﬁ‘)ﬁ’(prbﬁtel nsackimgathiplpogress
kshops, mes, food and

of actiyvities include: r
of be@%rlag@c{s?ﬁﬁ’é asaptng) Hies Giworto ngioh SEREIRET. dbeEy Rl several

enVIRnTeAME JBRdifHohE HRAT AnsGARR! ﬁﬁ't Hetd tg ge ’taﬁelﬁe 1n account when

Gal apagos novie is screened between uF
plaauigg kiday in theenesetuny inclusingydiyr example: opening tlme closmg time of the
museum; shows and activities that take place periodically at certain times during
opening hours; locations of the shows, expeditions, refresh rooms, gift shop, restaurants;
schedules and opening hours of each of the above; for example, if lunch time is between
12:00 to 14:30, it should be included in the schedule; and choosing activities according

to the specific interests of the visitors (e.g., preferences).
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i ncl ude constraints on the participants (e.g., sone

activities are designated only for young children,
woemnwi4ardser activities are designated for adulrc/mEne)9/000389

yet other activities are classified as famly

activities). According to enbodi nents of the present

i nvention a nethod may plan small group visits to a

0GR4E Pt ipPiestn M oG R EB e g es Pk i Apfiges are

intBydeldrfo€ khiltrerd RAVIAEABE BorenQfwiliRfithel tb Qddfedd BleirdVéh interests, e.g.,
adaﬁtl ng the visit to each nenber. There are several

other shewh ResurEne ebthei \amsnemenekrtaim sxpesitians, lefsare (foed gi§ shop,

~ d in t se
reskﬁﬁ%}t a}%?eﬁlgt%l ?c%&ﬁg%ggﬁ%}qggorg: ﬁ@ﬁdnl%fgre é}%{lggenn {Vltxeto ?Lﬂnw the
paieh® (otistdedst osdysutént plodeeh tt}ha/ctlﬁlueéh Wwhat theyple d@ha,c e

periodically at certain tinmes during opening hours;
[0070¢ dibe presined visttenayhadlosy dfnapéd changas of thefplasdftar denshedule has

vkl SPGB o S PR SRRy 2 Sl
muBeie 8phelidlcOf} Eandd 3Pin chseSHOLhFhgBE of Ntkiededr | 'tl{é tdifidren or
. schedul e; and choosing activities according to the

parspisciThe @lammey edsosof§ir inteeactivisy. Bich 2se fay. example, providing audio
e SR8 Shnd BR0SR BRSSPl ey B bt o e

type@f ll@f&héxﬁi pﬁﬂ@eﬁtﬁ@dhﬁbﬂnhﬁtﬁl Avue Eu‘oilp\ﬂléd‘iibdri ﬁﬁfohﬁmgdﬂé €i§ﬁor ofa
their own interests, e.qg., er shows occurring. a
nearh lejgne cqntereand sestrogms; rémacang thenidsitar of themexy acgyiy scheduled,

locgh%ﬁ %Ft?glpactl(fﬁf%.ﬁdd‘&lrt tikarental activity should normally

ore c ren activity to allow the parents (or

[0071] LA%@&H“%P@ e‘i’xﬂfoﬁﬁﬁénﬁ Qf %@tﬁ&eﬁthﬁv&mdndth@ @ofﬁ@%té@ﬁ%blem of

are done 0070] The planned visit may dynam c
"plapring @sdayfint the nplsawn iSt élNldeldem'S)ch obralaty h)afssubemblsxas in which

[ r.ts of t altern
each i eREt Yoo B h G RparhliCulleRd b 3R a Bgoraine
to ﬂi’ abstratimebadtd rbldGRS Fof exanipie, 6‘§Ianﬁfngta|'tﬁyﬁﬁ1 tHedh@Ru" may be
parents. The plan rray aI so offer interactivity, such

SP]&é‘P lﬂf@rtheef@wlé%s'ﬁ?r%? Msg audio material which is

| d orjent d/pa t orleted res i nf ormat.i on
1072} Sng 3y rPTE B f5HHied G i it e Qo piEergd activtis aking
intb NcR5WRT leRipofdd Ottins@4iRMP THE MR hions! Ha9! Bk Gnth %oﬁ@ﬁérﬁtﬁfn the
of a nearby |leisure center and restroons; rem nding

persoral \ireferapee off ¢agk indixiduak in \ihe yereuphadile etdkmg ookt ponount the

of t . y._and start tine, ordl
ordiggseibhof ihei okl o R ib e BBsnutid hed G bimees in
thepchddusn of "planning a day in the nuseunt | S d| vi ded

into a plurality of sub-problens in which each
[0053b Apotiist sub-peoblanpie defitegddas plaaningpmvgaeomlpﬁrf aftthe tour. The

rraph and i.s resol ve cCco n abstr, i 0 )
solfpe¢ B P o MEG, e AR LPOS T 3 T Ay P eimed at
lealihg QU of BYmRS the area of their activities.

[0074] A third sub-problem is defined as organizing the group into subgroups. The
solutions are aimed at organizing the subgroups according to constraints (e.g., Dana
must be accompanied by an adult). In addition, the solutions are aimed at organizing
the family into sub-groups while taking into account personal preferences. For example,

Ben is less adamant about the topic of the activity if it means being with Karen. Karen is
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split up into the follow ng sub-problens: [0072] One
sub-problemis defined as building a plan of the
wqproed/erresd activities taking into account tenramiL2009/000389
constraints. The solutions nay take into consideration
the personal preference of each individual in the
group while taking into account the opening~clfsing
. tines.of eac tivity.jint eum and SO .
inb{e 88 e uCBn ¥ i hstle s KRGO e be with her,
buss 1sha i@ o infissitel sRlek AGitinic) Mg i8Yd &k RireRlidhdAferent if
the tour. The solutions are based on know ng the
I*Bhvgﬂ@amﬂb@gition of each individual and are ai ned at

[ ach of themto the area of their activities.
10‘{733?5&?*9 REE @hoxs, ﬁugjrpatohl%ﬂ% may s repseseptedobyy @npeparige abstract
gn&ﬁ? group i nto subgroups. The solutions are ained at

or gani zi ng the subgroups according to constraints

[0076] An abapRt Brgsh b2 GCERMAANISAE.PRbIAN AdY! Be) baded on temporal
addition, the solutions are ained at organizing the

Congtrainty Netwerksub- gr oups whi | e taking i nto account

sonal. preferepces. For exanple, Ben is | ess adamant
1007h ni“ﬁggtt%’pg@l’gfﬁt A thectsend yub-prabiemranays bedasrg Neyigation

ren. Karen isinterested is snakes, but Ben is afraid
of reptiles. Karen wants her brother to be with her,

[0078] A BicR@éhivdl lthee @ dfOtheERl mqarmak@ms%lsb kb b}%bﬂiziﬁé"ﬂ'l%'group
. in this case, Karen is indifferent if Ben will be Wth
intp sybgrowRs75] Each of the above sub-probl ems may be

: h. [0076] An
OS5 PR o 2 s o
to RavEHhe MueERRR f1i7!oo.C°P*H§§ }?1%!1 et 1&%%’\%% at EQ@? Ghd 4 is decided that

navi gation graph 74 o he secon probl em may

in betsvedn Mavidy atill attend dphGalapgpos]filh hiresndmg bétwakn tI5e09—19:30. In

addligh i it it G S anf sy wiliniB B¢ BPBinS sohiyp dour between
11:00ab 12009 4inDhiya Ml j0if hd RidsGnlfLSaHN Ble JeOLtiR0fEs have not

plans to | eave the nuseum at 17:00. They plan their N
beqn plapned prd anay1 be panaed dynarisaldie @ dbel tedraprogresinst e addition,

[ L L t e fiil m sereeni ng, bet ween
so Bl iy e 1A ol TR Ot S pBE S SRR TR e
staiaingnand the finddbntirh&ef Beivatyy. EhplaotidititOasodigfedaith théir @nporal

to 12: 00 and Dana will join the Kids Only Gane. The
consiramfs @y Re repsesepisd s pimple temporal network. The simple temporal

network is a directed graph where nodes denote time points and every arc represents a
single temporal constraint defined on two time points. That is, the nodes s, and f, denote
the start time point and the finish time point of "visit the museum" activity. Similarly, s;
and fl denote the lunch, s, and f, denote the Botany Explore tour, s¢ and fi denote the
Kids only game and s; and f, denote the Galapagos movie. The arc between the time
points sj and f; of the activities i and j denotes available delay between the activities.
Then, a known technique of solving constraints satisfying problems may be used to
determine if there is any inconsistent constraint that collides with the exact start time
and finish time of each activity. At any level of developing the plan the graph is
abstract and may be expanded as new activities are added to the tour. Suppose for

example that it was decided that after the Botany Explore tour Ben and his father will go

- 20 -



10

15

20

25

30

been pl anned and may be pl anned dynam cally as the

tour progresses. In addition, several changes in the
wetm@awismays occur. The variables S and f are useEd/ii009/000389

represent the start tinme and the finish tine of

activity j . The activities associated with their

tenporal constraints may be represented as a sinple

o YR SNl S5 P TS Ry i o

withvBana tarthe Aamﬂgdiﬁtﬁarﬂles IBxfibitidre TRO héw aCevitiés At Rtded to graph
def | ned o ime points. That is, the nodes sv and

7225 HEWBH Hithed &VﬁlathSc @ndde fenair therrommier feapies b anidnf denote the

Vingi st
B Syl 0T, EREE AL e 85 gy Gy i
theExpplomay the whm@kl ibmasdum sdredtle chigpekiod if tbeninyerlﬁﬁef fhled/lsnors

a te t he gps .novi e.  The arc hetween
chiikeE fyrgs 5 e gt S one b7 (RIrg 8. OF FOGIDE GeSiang by ghanging are
vaRlggot es avallable del ay between the activities. Then,

a known techni que of solving constraints satisfying

[0Q80p The parpoBy ob theusRikation peApH T4 Retoiléad! the VesifoP té e appropriate
anon i stent constraint that collides with the exac P

actpityy t[hej eraechisal fise 10 fapreserss theyvisitarst gronp (thepgntigefamily) in
whlléhvfﬂb QEoflEY ﬁgpgf ek 1R ; r@&n%%qgosq{b?eoguﬂ elgjtgt A e%?]téers ¢ sub-

e expan as new activi s are a
gnmpwnwy$umbm3§dﬁnnngﬂﬁnphe that it was deci ded that
after the Botany Explore tour Ben and his father wll
[003d] En oFder d@n‘pﬂﬁ eachgmembenii Itbe Karsenn \md:drd@g tDOhlSlﬂler preferred

e .8 and chel Dana
acARET aSSHPob PO R Bbindl el bty heprohiiele alsagmng the
ap;ﬁdpiﬁie pﬂmgfpaﬁlharg doms Ashbwvniin Fig. @, it & Wheh&l thet Rihel #nd Dana
ote the conputer gane, ss and fs denote the Snake
Sh%‘i‘ﬂ?‘mvﬁ fen O A gl s oD ioTe (ARSI to the restauran.

tﬁ@ﬁ&hé ?ét F%)péspﬁtg' elI dhd® lﬁgﬁat hé%nan 55?(?01%{1 %p%nmi% EF g'lmsh

changed [ eum sc uIe changes or AP
timef antidhan ws®ciatios 76hwitbethe @nmgéshel Antah@g%ﬁwﬂﬂﬁﬁ eExthibition. In

del et addi n cs and by chan arc val ues.
addiorh GnE ot oyt 60 FeBfly RS S GHogabiow A0 giie it dar Gme point
of HRARINEMEMY! &gt wncﬁ@eﬁtfj/eaﬁ"ﬁﬁgo@ﬁﬁbﬁtsg VAR ke dr¥a o}:qﬁ‘e restaurant.

hi erarchical tree 70 represents the visitors grou
Whenhtheetimeref thenhext) agtivitghamives Heccostinmdo | the ehmpbral hoenstraint

ol BTN ER 55 HBAASR s PO 47 e lgion o

thetn@xﬂ z&:ﬁdltﬁaclh af@itioR) the RolulEnd BEXBE! Mo E:ths'ﬁg.lrit ‘ﬁem&f( B&Hh 72
preferred act|V|t|es associ ati ons bet ween t

may gRfQYide dingRrmaijon 2 bowth ghea ipreoperiagt & zgloeﬁomlnthet hnehlbmon to the
resﬁgﬁhpﬂf)fnachgnm%zﬁ o?x' %7{‘& ord G- M’%‘é E\i{%ﬂdgra‘g’l tglgg})?tgﬁn the

'S assuned ng 'sh
activiteesAnazi ng Butterflies Exhibition (near the lift) to

the restaurant.
[0082] The solution (e.g., either a partial or complete solution) to the “day in the

museum” mission may be displayed to a user, e.g., on a (e.g., hand-held or mobile)
computing system (e.g., such as a global positioning system, a cell phone, etc.). A user
interface shown on for example a monitor may display the solution. The computing
system may display solutions to one or more of the sub-problems. For example, the

computing system may have a map display, indicating a path to take through the
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Thus, the node that represents Rachel and Dana has an
association 76 wth the finish time and an associ ation
wordom44most he area of the Amazing Butterflies PCT/IL2009/000389
Exhibition. In addition, the node of the all famly
has an association 80 with the with start tine point
of the Iunch time and concurrently an associ ation 82
the restaurant. \Wien the tinme of the
bl EQHEEBE. B OuRE LAy WAL Bl ipiaY ath ek and
alacian sttr @l.d)f toneibydd Kleqlinel gading daNmobiet £8siBRVdIRsbefted ring or
raph 74 will lead the famly to the |ocation of the
aqufe Xemple). R exagpley ?he &QEPYiiag Systera may) hayve @ﬁgar@filsphé including

catl,i er oF e Q&Pgtcfugt B@xt WO i ?&!}v{ %emye sPr\% ?he computing

rrratlon Re tine peri 0 go T om 't
sysdaemublmlm ¢xaniphe ar gsbaiupc&monﬁﬁgmysttélﬁ ﬁ&vccgaputmrg g/rs&ah may
bet ween

o o B SrSSR R S5 R e o Shion, e

usd?Sfrla Haclobr IBEAR btlePug Uti On) to the "day in the
museum’ m ssion may be displayed to a user, e.g., on a

[0088] & solitiund -t @h hbefradi@Rdpheiepfelbmitg vk Mt@%ﬁlealg -impossible,
such as a gl obal positioning system a cell phone,

irrelgvant, or rejepied (e Gw B 4 Hies 05 AGAMPBIFT); 6/PreckaPp Ay aetpmiotzohigher
ool S SOk 51018 BORL e ST e v

othEosoleticnspi e cotréspondinp siib-pebiens (Iemeﬁaﬂed‘l@/ﬁuoﬂldﬁabstract graph).
di splay, indicating a path to take through thenuseum

[0(!86} ebbadme@ts aflike presqnt invegtiey Bichwingonipter implemeated methods

o ke R S ELEE S B oo SR G on

corﬁputarl@ls@nﬁm@&lpleF@gd@,agmllﬁ,F e conputing system
may have a team di splay, including caricatures of each

[00§5bRpferﬂmbes amit théig. 7,.evhinly sohehaticallyMlRistratde a system 100
ut| ng Sys etren [ sft{ln one_ exanpl e ag(?l obal

a°°ﬁ § 1ot 719 hIAVERFiAR t S5EFNS | AQ isrAnyxpIplecfia qopnputer
systdm i $8dy B&Vb&L @ﬁhfé'n%dﬁxﬁ@rﬁp |o?rih@gﬂersrglﬁl 1H§ém;}%ﬁ.§9ﬁle§'?ypes of

accordlngly In additio e user trac
corhpugent gystentse noustevg, thaGe3konfigwed ldiffcuremlyi; maynalsdo bt maed with

emﬁ{;cf‘g):gg{; E’E{tﬁesegge:n g{rl]tz(ais ki’ké))n'g)u e?’g?@gr%{}i)&rﬁ%? fuge a’bus 101, or
otheOmMpsHhA rcbmn@n@daﬁ@%ﬁ&ﬂw&i‘é)hnﬂ%bﬁbvﬁré Portrdhs RS {ﬁ%aﬁaﬁl and
use alternative sol utions that vvoul d be ossngbl e and 4

a pEIGFYsahl @ ‘i%lpk@ééﬁ dhedhus 190 1f¢r RIPeRSPIng @tllfgtmaim of a
(represented by anot her

ond robl em
(0055 progEseor | %[:3 REAPMPLR AP RS B Fenﬂa}bprﬁF%’é‘ﬂt‘mlt (CPU)
or ﬂnﬂ}fﬁ)'f@ bx‘%@eés%lﬂédi ggm‘}%ﬁﬁ?ﬁl@ 'érc'hﬁ@!:tﬁfée @&&gssr&etlb@gﬁi {?&ude for
sol vi ng COﬁ'p I cat pr obl ens and e carrie g

exapinle, |ayn @tecmmt ik I190,oan cacheohgf), tagd emymtamal Husy alehomgiplother or
dlff%ren(fI componen S m.':py bFeI L%ed

[0087] Computer system 100 may include a random access memory (RAM) or other
dynamic storage device in main memory 104 coupled to the bus 101 for storing
information and instructions to be executed by the processor 109. Main memory 104
may be used for, for example, storing temporary variables or other intermediate

information during execution of instructions by processor 109. Computer system 100

may include a read only memory (ROM) 106, or other static storage device, coupled to
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[0085] Reference is made to Fig. 7, which

schematically illustrates a system 100 according to an
wendodi4Tent of the invention. System 100 i s anPERBEIZPI00389

of a conputer systemthat may be used with enbodi nents

of the present invention. O her types of conputer

systens, not shown, that are configured differently,

l.sosbe used w.th gnbodi nents of t.he present

thd"Bfe 03 ole? Sl sl Jo PR g Sk P08 B rogssor 109
Conputdr B@stemnitODr hay irehiielnd2akloips ddiceVIO7esi@Ats a disk drive and

software, for transferring information, and a
mayhscouplsd tothg bupdidl-ed to the bus 101 for processing

' mati on, [0086] Processor 109 ma e for exanple a |
(o T epipiies Seip 4D o e Sarm e e epUfl of & diplay device
12Mgbt Hﬁblﬁyiﬂg 891%?1%9{1&1 Ry iyl @f]ﬁlesé&nn%ﬁlgéresﬁeﬁp 1 & CFYf Example,

_Processor 109 may iInclude for exa execution
displayt dev8®, 121 oayhdisplep thacdmaletd soletiom| obtle, salitidmotogthe main

her.or different co nent .be ed. [0087] .
prdlif B bl Fite SREER! Mot Aviaddbe kEDEe AmgRior or
scredMhieH may hedludbysredibplays FReRARpREY e intBriid Buf BEDAvention is

104,cp;fled to the bus 101 for storing informtion and
noj seshimpited: iQnerimaprp dnpuk deviea(s) 132, surh gsradceybeard andor mumisn may
\Y f for exanple, .storin .
be HEHREY 10 it B G ol 368t Rlcarihd Ine BRI Sng i Raeistfons to
thechrocengpra®@cut i on of instructions by processor 109.
Conmput er system 100 may i nclude a read only nenory
[008RDVhe poB:essor 109 mmy staivé 8 conarandeor de o mstraaiionb dot executing
tothe bus 101 for stor] atic information
an bR srd et SoraRpled dudush. fom thisigt heB i memory
locdéh (@Y., infHeh Wekencty d4a ROM! RS of QMtL Sof@é 105Y CThé8orfplicated
di sk drive and may be coupled to the bus 101°. [0088]
probigen gwpba renresepteddm amiuraliyofisub-poelpéasi stored inlaandery 10cation.
' Vi r displaying. nformatiaon to .
Tt Sofphlatil LAY hEE ot SbegBbuth 1B MpaRoURRTRVE s &, prior
to itpsihtythe evmpetink?sy steny1 0, sial iaputideeice 0D) G 150Ldsbdra09. Each
or % e solgtion to the main problem for a_ problem
subsproRis s BIaY &g remessyiesyiopexampie by enghstrach srapheEachabsirecs graph
; {C [ i Spl
s SRSEHEPDY p AL SIpR, 6h Mool bxEhil &Yt RABHPhEDS hash.
tabldse or nore input device(s) 122, such as a keyboard
and/ or nouse, nmay be coupled to the bus 101 for

[0098hFech @bstrasy graploman iietludend plomtindofs epdast i dersht node may

C . ] .Ih roce r y
cor gl 895 55ler 3 AQERL. I pR T 3031 D BBt e
10Brfoogieting damadsociavd withntfie Aode MHd dxad @dy e elok&ias of da@iRlement
t he i nput devic% 122 or a nenory, . '
of the data structure of the abstract graph (e.g., including an element of an array, a

vector, a map, an element of a hash-table).

[0091] Two or more of the sub-problems may be associated. Instructions for executing
an algorithm (e.g., such as the association process 34 of Fig. 3) may be stored in the
cache 160 or another memory location for associating a first node of a first abstract
graph corresponding to a first sub-problem with a second node of a second abstract

graph corresponding to a second sub-problem.
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| ocation (e.g., main nenory 104, ROM 106, or data
storage 107). The conplicated problem may be

wo Bpo/eseos ed by a plurality of sub-probl ens strreN.2009/080389
menory | ocation. The conplicated problem may be
deconposed i nto sub-problens by a user (e.g., prior to
i nput into the conputi ng syst em 100, via input device

B T R -
or phikt4sar teadslslp khddﬁmi Qﬂfae&fﬁ{ﬁu@é} IR YPréeeskdk 8tofddeUriédilif; such as for
such as, for exanp an _array, vectors, maps,

ex}BRIR EABFBRTY; § AH Gl}'lVEaR?H‘ UoR flagiemermorp Bneadjng, insludieg er storing
1nsBJuUt5(§Hs Yichf whaf ?§ecu'r:e%1‘: Q%I’Ido g%cg?s%r %g chfgﬁ%/? fé%y out methods

nmenory ocatl on n menory
disdlwsed lsdreinage 107) for storing data associ at ed vvlth the

The data e st d.as _a data element of th
l‘"@ﬁf Referengeinmadg o thh% & pdicihisa fewphari of fgmethqqicqcaandﬁgg to an
em@Bdlﬁ{e%frEf‘fheq{lv&ﬁoﬁ” "Eﬁ%odﬁné&ﬁ§5f9ﬂhe n?et maggg %E&P'E)Ftor%ay be
e sub- probl’ens

a hash-table). [0091] Two or nore of
lmrﬂayleb@d by sfoc cmreplc, dystetr Lk dfdhig errotlmrsumljlmysmms

rithm. such. as ,t he .associ ati on process 34 of
w@g? G 8. o GdiFR SR aR Bt o foslesiructire in a
oY sysaftta0ihgl Dplundity of shb-Pebbfentd. MHE ﬂ?&q@m%a}abe stored in
flrst abst ract _lr% aph corresponding to a first
t

thesqpmpytios sesemi tlihe gomplieaied probitenbay bealividetl mnxssuhamoblems by
a JE2R0GOL LERRRREY 19\ AnBRES DR RLOBL B LO3R Shuironment

ment' s res entlon

Foaekample, ﬂlﬂ&CEbrﬂpll(ﬁte@OpﬂobIeﬁ{ mﬁeiﬁ)ﬂiddCBﬁ&Oﬁerfegaﬁaﬁbﬁosmons (e.g.,
medj um_ or a conputer or processor storage medi um

Paféﬁ‘@’??rszﬁc?%?méi%#ﬁl @VHOMBH¥ry, a disk drive, or a USB
[0095RRo uﬁ@ﬁﬁ)&y 8109%%9%\;15& ghd gﬁlly g&x%&g&%d WhedH %esPonéirs to each of

i nstructions Wii ch ecute y a processo
thesuhiprahléms (e.g ausigg abstractbinioaded wlchmtlmaad\mmeehmterxb@@%}uca ”»

. Reference.is de to Fi a rovvchart of a

is B ASPAPRG § gome it Aok SOERPIFRyRRIGHY: sich a

repREBREII SR I £ Rlerhd] GepRidiedionBih 28 eHﬁﬁ eWcon%utMeﬂSry, rather
i npl emented by, for exanple, system 100 of Fig.

tha@taﬁ@eréléﬁl tdésipilay mu@nﬁunt[lwgmlqsn tl@ep@tatls displgpgi toathe user in

em. i s resent e
sorfi Rt Lty e Mol BBG SG R Pt R BB Breataigy sp .
ve(S(hrb ephﬁhl-talﬂls) thhh & 1t (REIE N gidph, Bet &éfeSd gdriph MSpically, only the
nputing .system The conplicated probl em nmay B
ultl&?ﬂ\’ﬁ 8lyUOm Q) asmBin PioBlesinds BipPlayed & aauner. orHaveyshpigtesmediate

solth@sg)ggp&{l%i?}g,%E%}P%sg%l : Cgﬁ?ﬁéa p%Eé)}%l o%nje%o g engrﬁ{érra% gﬁ&hbns to
proswpt iuse inputpetop awiytieatisplfyedgo a yser. aMetbs&acagcaplhdn@gnfcmde a
plu}arl]ﬁy P noc{ QVE!ITICCS) and/or edges. The nodes may be, for example, arranged in
hierarchical levels. A plurality of the graphs may have different arrangements of the |
nodes from each other. For example, at least one of the graphs may have numbers of
nodes, numbers of levels of nodes, numbers of branches connecting the nodes, and/or

graph structures or types that differ from another one of the abstract graphs.

[0096] In operation 820, a processor attempts to expand the first abstract graph

corresponding to a first sub-problem by decomposing a first node of the first abstract
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[0095] In operation 810, an abstract graph is
constructed which corresponds to each of the

W0os2009/pH40dsl ens (e. g., using abstraction based PCT/IL2009/000389
techni ques). Wiile the term"graphical” is used when
describing a representati on of the sub-problens,
typically, such a representation is an interna

e PR PUBIIEDr ol 5 BARERRS) pCRARYAEhef R g of e
abstrice gaphd e rekdlved] 8.g0 b eedtRpbsi dltriiste nbBesSSIMBe first abstract
forg)h.§ Typically, the internal representation is a

graphy hedatacaf Gach qhstract graph iakeptyn ity ewnalata-stachias h- t abl e)

is nat itself a graph, but defines a graph.

(006 i oprion, 860 siseciions Refveba I Tegnirom s CrRpHer memory for
deRFARR A S5 YEL., L pbi i | Al
oGP s RSEEIE P ook S L TR iy o
deeampased nodisnand: heceond nodeaeftai seend ebgtraohptaphiserrespopding to a

etc.., . may,be displayed to a user., Each abstract graph.
seiff SURETIRIET= ThF (e FTgh dpoin B ide, BRg SR QEcaia ecording to
assddi@fion rulése THRASSorTRM RS ddiénifXASHRL Ravias sRRURIIdtA that satisfies

hierarchical levels. A'plurality of the graphs nay

predsteemigied icaifesiar Far exaneplecthe rasietermined outiseriaf maynbe aletermined by
0 . F .l east._ong _of f he hs ..

o S o o BUSPl hS0 T ! hESA reria h

detetminers assobiatioe hesy ¢auhinRs tiboN@ximpleNadesmman dddal @tra@lre, a

'Siﬂrgiuct uLea or types that differ from another one of
simugrty dhe detp represshied bydbeyrqdes qr etber graphipaldomures,

.at t dt fi.rst ahst t h
108 FE 335 RiH §FThE ook SEP 0. FOmABAT py aB g LS A east one
nodd 65thetRder Fhorkddéd bBthe FSE ARGRET AR toMeSolde B LT @kddn¥pose)

of nodes of a lower level. At least the first abstract
thegoneppr wpre pdes of theaethersr efpths abstrace goiphedTheeprgeessbymay apply

infG85 0S| . 0 nodes of .fhe first. absirac

Y aap"hg.H ﬁ'lf{%gg gto oé cglgxrgﬁt g%'g{a? ac [ung??a%{w the ak%ﬁf“‘% igheRhssto the

enviwmngtat. aFet exahplee thd PoctEbsok nmapedpply AffolBion pertaining to a
i pnstructjons nay be retrieved froma conputer nenory

combiatiey oh e RPFFS A heabstiast &ranky tq altqy. the environmeat 9f the problem.

‘ . A r

AISRRRAT, §ush B8, P (B iPRnRd Bakh s e SRFALPARERS may be

partielly es pumpletely tesolsed S¥berdths abstpaco ptaphs arthenapdatelgiradalad, the
na e e ,USj n algorjthmaccording to

moag%aﬁ?ca%‘éfﬁm _af {he abeipedt ghop FARRA ST P TS CEPeiable Wekes

[0099) Oftéer dp&atibrisCordaié Jfdpbrafighd b} 6 ufigedet er m ned
criteria. For exanple, the predetermned criteria my

[00160]d dhe rprddessbr ytays fepRuP et afofenientibhdd gepy foratht Waédhdi fbde in
a aggpggfr. The predetermned criteria that determ ne

plagg of1he st 49 solve thapesondisubreroblgn. exanpl e, a common

a tructure, .a simjarity.in the data represented
100306 FuogiReat Pt 6B ioahrbds el Bin poBlsE). Phiving the
mafP Bfobldn® inchddds fob %xﬂh?lge&?@ﬁudiﬁlgsa PN SMitract graphs each

pertaining to the at ast one
graph including nodes. Each abstract graph may represent one of a plurality of sub-

problems. The plurality of sub-problems taken together represent a main problem
pertaining to an environment. Some of the abstract graphs may have different

arrangements of the nodes from one another. For example, the nodes may be arranged in
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node of the one or nore nodes of the first abstract

graph to resolve (e.g., deconpose) the one or nore
wOomdes440ds t he ot hers of the abstract graphs. THE/IL2009/000389

processor may apply information pertaining to a

current partial solution of the abstract graphs to the

envi ronnent. For exanple, the processor nmay apply

. r ' rt,ai [ 0.a conbination of the nodes,.
hleéggﬁﬁga%@?r%c {héa' r glpg%gen:t GrEpEgpent h‘iz;fI 8?1%Sr16’ﬁ¥re‘iﬁ’fnp&lse tJjfferent
nupbeilo€eveRldfapdat i vel y, a user may apply the

i nformati on. Each of the abstract graphs may be
[00382] i %l legst one modp b tue hstraetsgaple thay Weedecbinposihg tiitacit least two
raphs _are. conpl etely resol ved, the npst stracte
CORSPRPENEAOGGSo MBIl the poslh Dot S gFIoBttegh hhecsubset of the nodes
ma§XRL HsBBlhd L KYS Kiz-selue h ARNEIdONCE FHrbORR Bf t1REAWsESctOfraphs
operations nmay be used. [00100] The processor nmay
represgetang 2 ffiiest ohe o€ therqubeprellerns;e(pis sélectingtmmeseanord seamhd rodes of

| the first t | th - bl . .
o BT TR oG BedSd ROSAT il PuPrEy DB SBId fierseting
an 84oRiaPioA h emicPahformatid Bertiming R6 Al FIRtl kydeUstehe @5t abstract

exanpl e constructing a p uralltg of abstract graphs
gragh dhagspeipied ite gheLenieryy merd @odessidhe ather absttacigrapits. n@ye or more

o ARPOREE Ao BRE ol LSRRt RGO A T ggin

extragting [ar ddakempasial aoltiog of at fastesnel sohether 2bofEct Praphle The
abst r act rgﬁgs,na ggve di fferent arrangenents of the .

SR Frfreameodns heepsracheraphedhst exirapting #dersta pagiabwlution

to ﬁftﬁiﬂ@%ﬂltioﬂ%ﬁfh@rn%ﬂh bAbldne YAl %.eq{égaééc?g)r Qi 86 HRkes. Extr]acting
arrangenent of nodes may conprise different nunmbéers o

a phgiabbglutién nHtheson{phiodted prodenh emytincnde applgingfthapartial solution

bstract graph ma e deconposing.into at_ |l east two

to B R et e S T sor Ao e fajerat nodes and

extRREAE hfatth] sChiEoR YOSHE ddferbhienodes By HRYcoRBn RIS & &fsfying
by (1) selecting a first node of a ?lrst one of the

(e-;absemplete o ptial) sehitien axitthegompli¢ated probdenofis a¢hdeved. The first

P EN | ' .0ne or nore secpnd pode
ro RSP ROSMETR! b SShEENE R0 RS BRORR ghRERe
ond &feths Wbstpaocd lgrphs jis Midingl i The dHeQRrhére s8CoriSEsIet aldydie delected
whj.ch information pertaining to the first node of the
accrﬂﬁ*%& o gerigtion gilshy Tihe agsacidiontrales maast he psvadest byngn expert.
ThE@gse Ry bd\htdfifbak sHRwArt GP%hQ%,QﬂP erfN€ Or rnore of the
a may be

ot her abstract graphs ecornposed further using

WHehéver fsQbpREB16M ia8slveXsr ded is Retridbed BASdondiRAS to@he solution of
solution of at |least one of the other abstract graphs.

the sHb-psetders, e spbrprabiem derctbapolution thehasoedyst anyctubeprolpbm having

t ' I tial-sol ution to,qgbt.ain
o 000 RONABL R, s BB Tl Y0 A e
retribviedl @6 eptiate eaid Sefilx t4cACAJdB®DF a graph, the nodes and graphs associated

therewith are concurrently updated.

[00103] When the plurality of sub-problems that represents the complicated problem
are solved, the partial solutions may be assembled to form a satisfying solution to the

complicated problem.

[00104] It may be appreciated by those skilled in the art that a solution for each sub-

problem may be solved either by intelligent software program autonomously or with

- 26 -



a partial solution of the conplicated probl em may

i ncl ude applying the partial solution to the
wemenonieent . Iterating the steps of associ at i U/IMQ®00389

for different nodes and extracting a partial solution

for the different nodes may be continued until a

satisfying (e.g., conplete or partial) solution of the

oGO RE TSRS, R i e BRSSP

expdt (eh\uséry the first one of the abstract graphs is
m ssing. The one or nore second nodes may be sel ected
[0HOSPItd ey heoapmedatedithyothoseubldHed Théheass dait ahd déschph&ns of the

e R e e Seclont s OB CA0 W Qpigfor a bt
undaidifPbeiie '1§ve‘ﬁﬁbﬁ{ &eitiRIut Uafidnd it dcBpd.| eved that
contributes to the solution of the sub-problem the

sub- problem (or the solution thereto) and any

sub- probl em havi ng a node associ ated therewith may be
altered or refined. Thus, as data is iteratively
retrieved to update and refine each node of a graph,

t he nodes and graphs associated therewith are
concurrently updated. [00103] When the plurality of
sub- probl ens that represents the conplicated problem
are solved, the partial solutions my be assenbled to
forma satisfying solution to the conplicated probl em
[00104] It may be appreciated by those skilled in the
art that a solution for each subproblem nay be sol ved
either by intelligent software program autononously or
wi t hext ernal input of expert know edge. The expert
knowl edge may be provided by a human expert (e.g. a
user). [00105] It nay be appreciated by those skilled
in the art that the description of the enbodi nents and
attached Figures set forth in this specification
serves only for a better understanding of the
invention, without limting its scope. CLAIMS 1. A

nmet hod conprising: storing, in a data structure in a
conmputing system a plurality of subprobl ens
representing a nmain problem pertaining to an
environnent; constructing in the conputing systemfor
each of the sub-problens an abstract graph
corresponding to each of the sub-problens; resolving
at least a first abstract graph of the abstract graphs
by deconposi ng one or nore nodes of the first abstract
gr aph;
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associating at |east one of the one or nore nodes of
the first abstract graph with one or nore nodes of
wmrdognsi7ef t he abstract graphs; and resol vi ng BT/II261000389
one of the abstract graphs using infornmation obtained
by the association. 2. The nethod of claim1, wherein
at | east one of the abstract graphs has a type that
differs from anot her one(%% FQS abstract graphs. 3.
The nmethod of claim1l1, co s i'ng applying information
LA : current partial solution of the
1'%%@??gg?ﬂg?gp S to the environnent. 4. The nethod of
cl ai m doriNg)eiheh NMat'StraGIRC AL &npi cori ;
associati%%_rules. 5. The ne?hggngéugfgﬁﬁéz,Qﬁﬂ%?%?ﬁgfSub
pretiemseppraseniing@rmaiolpesblem pepriaihet toramieneidorimyentn  expert .
6. The nethod of claim1l1, wherein the resolving of the
abst r BtWSGHABEsing igpeorapufing: sysicm ¢ fop fach 4f| fier @bdiroblags an
ab$thiet ?\QEIH E(%:%P&{d?ﬁ’%t%‘ eabh of € sﬂﬁ-&)p@lﬁ?xﬁg claim 1,
[ spl ayi ng In

conp I ng on a use efface a solution
to thereb@iling Af Emt%rﬁrstgabsﬂa&%m%fqmshﬁétr}%éphs by decomposing
constructing in a conputing systemfor each of a

ong pymard nodey of the fiegh ehsieast graphspr obl ens an abstract graph
correspondi ng thereto, wherein the plurality of
i ndepeang b leash oncpk thecpe s anerenodes af the Sisptebstract graph

| ' . ordered set

WIRE S AEH 1! eher P SOV LB Of 107
gr aph @éolVing a0ResT &5 oOfRRIbSraG RS GIsReEH oMo obtained by
second node of a second abstract graph of the abstract
ghapsseciation.he first node, determining if available

b ed to solve the fir apstract graph to
2. 18 R e T MEsRE bt s s P Hoel Efaptt R e tha
diffdreframainbiet enclistithe stunaot grighsused to resol ve the
iﬁ?-problen1correspondlng to the first abstract graph,
3. dife tmethedy of slaimel.seupptisingpharplyge infaplalipm pertpiging to a current
Ubs I [ ond abstract
pmg%&%ﬁ@ﬂg”ﬁgkgﬁﬁg%ﬁg%£%¢Q%F%?ﬁ$ &mggﬁbrising: for each
4. Ghe nnshabef claoh 1gvepnsn the asseambionfis hiele ecadinigher gedciation
1iteratively attenpting to retrieve avail abl e data at
M&ach node, and if the available data cannot be used to
5. R MSthbASf Sldin AN WM tROAIESRASH NG drOplelEie ARRLA B hn expert.

%yaph, switching to
6. The method of claim 1, wherein the resolving of the abstract graphs comprises at

least partially resolving the abstract graphs.
7. The method of claim 1, comprising displaying on a user interface a solution to the

main problem.
8. A method comprising:

constructing in a computing system for each of a plurality of independent sub-
problems an abstract graph corresponding thereto, wherein the plurality of independent
sub-problems represent a main problem, wherein each abstract graph comprises an
ordered set of nodes, wherein a first node of a first abstract graph of the abstract graphs

is associated with a second node of a second abstract graph of the abstract graphs;
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iteratively attenpting to retrieve avail able data for

a node of a different abstract graph of the abstract
wreaphst70s10. The net hod of claim 8, conpri si n@PGIPRLL2§019000389

a current partial solution of one or nore abstract

graphs to the environnent. 11. The method of claim 8,

conpri sing displaying on a user interface a sol ution

Lf O% g}ﬁ"ﬂ 50 nBHE b%e(?%lné rlf‘\gUaﬁgaB Rd Lg[ R V'%s[‘gg 3 ethe first
abgitact gdaph yo mﬁolabﬂtersabtprcgﬂaﬂ bsrr@@@hdlﬁ@ mams; &g nodes,

wherei n each abstract graph represents one of a

pl unfathe tayaitablesciﬂha pannbt bem;sed\m esrselwe thén mhebmb&lnil t(yrretspondmg to

theo B BPARRG Eraphan Y B fHen seCeR OB ST Aoling o tuppgblem

coﬁ@s@@n&lfl Wthé‘@éédnﬁ%bstﬁfcﬁgﬁ hnto at |east two nodes;
associ a%l ng a subset of tﬁe nodes, the associating

9. Chivgxnkthbd of claim 8 s&ingeisingg a first node of a first one

of the abstract graphs representing a first one of the

S ubfqa‘r odxhe nf ;the iabjtrase | geaythis ) doronacho of rthe enceles ahetesfo deesatively

ot her abstract hs r e resenti sec one of

g ) spRRealliaas 1) L PR iang 1o he et b ammot be
usddetovegRet e §dbt?bbﬁﬁij cﬁﬁ%ﬁﬂdlﬁgdﬁs tHeN abdifaeh graph, sw1tch1ng to

information pertaining to the Tirst node of the first
itergiuely attemgtingte iretrigus avsilable datacfor heode of erdiffencet ahsttes graph

abstract graphs; further deconposing one
Of%FaBQFaCP%{AS{%e ot her abstract graphs using the

a vi t
10ZPRESIC R B4 BTS00 ED 0 ngﬂlstrﬁ%%&ggzs%mﬁfm I o
moas shstactt graghsto tesenvyonmerftf er ent nodes and furt her

BB i Bt B S B GRlE e

oBRIn.partial solution of one or nore of the
abstract graphs to the environnent. 14. The nethod of
12.A methotXor sgleingiammain prablem, thevmetiodichmpsisipigr act gr aphs
has a type that differs from another one_ of the
aagttrl&apggar Blyradity ﬁ absfrect gEahs Pagh qomprisinepnodgrepegin each
[ t
b3 Pkt rgRes Tl FPLEAIE B IRANERS, SfeitioRe olyrplty of
sulapmbfemsttalgﬁnapgﬂhersrepremt thg mal6 pro'BItmn pettdinithgad at bmiironment;
12, wherein the one or nore second nodes is sel ected
decomposing at least one node of an abstract graph into at least two nodes;

associating a subset of the nodes, the associating comprising:

(1) selecting a first node of a first one of the abstract graphs representing a first

one of the sub-problems;

(i1) selecting one or more second nodes of other abstract graphs representing a

second one of the sub-problems; and

(iii) creating an association between the first and second nodes in which
information pertaining to the first node of the first abstract graph is associated to the one

or more nodes of the other abstract graphs;

further decomposing one or more of the other abstract graphs using the associated

information and resolving least one of the other abstract graphs; and
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according to association rules. 17. The met hod of

claim 16, wherein said association rules are provided
woosmsgupert, wherein the expert is sel ected fepm200d®00389

group conprising: intelligent software and a hunan

expert. 18. The nethod of claim 12, conprising

di spl aying on a user interface a solution to the main

o . e . ui.er - r eadabl.e. st or age [ .

PAOR A s B ROTRRL 0SS ERE OGS ol corpposng
to abtpinGCRRRVN foNthe ntRfProbled® appar at us cause the

processor to: construct a plurality of abstract graphs

13 e8¢ nednydr ofselaign hddesnprisiey gpplyiegahcuadeat pacial splagdh of one or
reEF sents one gf a Iunalitx of sub-probl ens, wherein
maQre, %F& siract graghs @L}B‘gF‘b‘BTO t-aken together represent
t maj, N pr-0bl e ent ai ni to_an.environnent :
1440 HRI0aRERE oD SRl s B8 e FRAHHGRT Tatribsyhas g cype that
differs frémSdnothaP oiO6iRIBe aBiROCaple. a subset of the nodes,
the associating conprising: (i) selecting a first node

15 oThea nfethroglt ofcciainod 2.t wkereilnsthe dizét rpdaph selead asbohssogiated when
irst one of the ?u sel ecting one, or

. b-prabl ens; (i
iy Rlog B Er M SRS TRE P o FiecAbs Gk Bphs fo missing

r epres i N secand ,one of the sub-probl ens; and.
16, ARE SRER0 A ot B0 cuBie "br B, S Bie neceitr Lpdinig selected
accoeding ¢ aesldstionTudl ch information pertaining to the

first node of the first abstract graph is associ ated

17 Bhet inethod ef @taimoite wiedds saifl asdveiadiohenles bt pracidedbapisexpert,
further deconpose qne or._nore of the, other abstract
whetelt, ﬂ? TRHGS 1R C%?gs‘fgw Ahe ErQuRr cHRITSIing, 1aisHigers %HafW*H@ and a
hum8@8tpepne of the other abstract graphs; and iterate
the steps of associating nodes for different nodes and
18 £ Thret inethod of clapro IR nepmprisoig displaying oh at useninteyfact lassotmion to the
?robbﬁnl 20. A conputing system conprising: a nenory
0

MarPIPSHe a plurality of sub-problens representing a

19.R compiitebradible bdrape Picde@h 6MpARAS akbtTliNsteRANRhAGV AR
the nmenory for retrieving fromthe nenory the
exqenigd Diyia Broesssesip 2 §PBIPPBRE; aPPAFASISGaHSe the PRICESSOE &Br i s

to: store, in a.data structure in the copputjng,

SpRRBH 2 gluselify of ?@%’rasff erapiisisegh FURRMITRpRRAeE Y heTginpagty phstract
graBh GBp RIS bh&! dF £ P1ikrali oS SWH-pOBIERIY 'wherein the plurality of sub-
problems taken together represent the main problem pertaining to an environment;

decompose at least one node of an abstract graph into at least two nodes;
associate a subset of the nodes, the associating comprising:

(1) selecting a first node of a first one of the abstract graphs representing a first

one of the sub-problems;

(i1) selecting one or more second nodes of other abstract graphs representing a

second one of the sub-problems; and

(i) creating an association between the first and second nodes in which
information pertaining to the first node of the first abstract graph is associated to the one

or more nodes of the other abstract graphs;
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construct in the conputing systemfor each of the

sub- probl ens an abstract graph corresponding to each
wi00d/na7@sub- pr obl ens; resolve at |east a firstpcbERI@ODIZSY

graph of the abstract graphs by deconposi ng one or

nore nodes of the first abstract graph; associate at

Ieast one of the one or nore nodes of the first

t .2 _nodes ., of thers he
a :E_:gg% Ogrg}g)gg OWE J? reSOCO}{t\}Ilg%g cr a%gtr%ct 8f S{qg t?le a55001ated

1nﬁhﬁﬁﬂ<ﬁﬁndgésmﬂ)hﬁg ll@lstftglelolﬁ ey dthér abbrap pRiphg GnBy t he
associ ation. 21. The conputing system of claim 20,
whertsithe stepd efaassoaatmgafodehfor aiffdremtatodgs aphfurthasdezotppsing to

s . from an ther one of the abstract graphs.

Ob%’f‘ ?‘ﬂg‘fl f‘%ﬁlﬁlﬁﬁmﬂ I€% of claim 20, wherein the
20PAQLRDERAg bystdntlldo sin@: apply information pertaining
to aﬁ%ﬁr rgen}? partlhgjli-1 sgl uti on of the abstract graphs

t o tajrecreoTy it sionempluralgy offub- mohlpumrqgesc;mngmfn pﬂoh]em and

| nt &r 8 %éssg} s%%fnaatn%lﬁ ‘(‘%%F%tgd rrtgi ﬁpl M%’Fnofrg’r Teffieving from the

memory the plurality of sub-problems, wherein the processor is to:

store, in a data structure in the computing system, a plurality of sub-

problems representing a main problem pertaining to an environment;

construct in the computing system for each of the sub-problems an abstract

graph corresponding to each of the sub-problems;

resolve at least a first abstract graph of the abstract graphs by decomposing

one or more nodes of the first abstract graph;

associate at least one of the one or more nodes of the first abstract graph with
one or more nodes of others of the abstract graphs; and

resolve at least one of the abstract graphs using information obtained by the
association.
21. The computing system of claim 20, wherein at least one of the abstract graphs has a
type that differs from another one of the abstract graphs.
22. The computing system of claim 20, wherein the processor is further to apply
information pertaining to a current partial solution of the abstract graphs to the
environment.
23. The computing system of claim 20, comprising a display for displaying on a user

interface a solution to the main problem.
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