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FIELD OF THE INVENTION *159159*

]

The present invention relates to the field of supply chain management, and
more particularly to an intelligent supply chain collaboration system that uses shared
knowledge about business objectives and business situations to effect collaboration
between business entities without reducing autonomy for the collaborating businesses.
The intelligent supply chain collaboration system uses a partial order planner to more
effectively handle ever changing real-world business situations. The present
invention provides a supply chain collaboration system using an intent interpreter

module to implement intelligent decision support functionality.

BACKGROUND INFORMATION

An enterprise resource planning (ERP) system is a software system designed

to support and automate an organization’s business processes. ERP systems are often

1

L

«GO0001*



-

executives. In effect, ERP is an attenpt to reduce all aspects of a
business to a nodel that can then be tested, sinulated, nodified, refined,
and exam wagooodshat a corporate manager can increase the pffusiianeg of the
entire business. The use of ERP systens has increased business efficiency,
especially for large, 1 o conplex manufacturing operations. By providing
the ability to sinulate various scenarios, ERP systens assist nanagers to

nore eff Lvel I L Ness.: c . . | abor
or obl emOUigtiaft HyRER, B PHIGERCHRE RCRAGR 28 SBetil B5RIR B8RS o
processes to a nodel of resources and constraints, ERP systens provide a
t ool f oracydssvinney SEMEAIEAN, 108 $VeR BEROSS 6 catiroPmplY Fhginayinginvestorpeentfelr 15
considering nodifications to business processes. Conventional ERP systens

provi de s%sﬂéﬁfsh%%ﬁlﬁét&ﬁn§ PéEB_ﬁfEee%ahﬁ’in@,eﬁil% %&@M’é‘r%&ﬂﬁéeﬁﬁnﬁ%&%ﬁﬁg,
Pl anni ng"(MRPj ‘and Di stribution Resource Planning (DRP), separately

-anal yzin nd.pl anning for denand and s ly. A supply chain includes
" ndi vi dBEhasie. SAShIUSS aset Ll TRaRdiR LNt franbessiahadsonBiag anldRuRan ¢ i but o

products and materials including suppliers, manufacturers, distributors,
whol esalessyrce ehaiagemsnt sinthat all dusimess pasesyes hreast thbdinpettiisi afiohpgate?2 WO
01!990(1 8 PCT/USOL/ 19G52 between them In a supply chain, one participant's
supply i .S )4l i t S and
Gomand s SRUEPAF InEATHIER o Wferbbe 63800 P Rplrs of aBINCE S BN BT
consi der demand and supply sinmultaneqQusly to ' evaluate the efficiency of

an ent i rthatoppthendgdesied, semulated, modited retined, and examinedsedhst aepIperaiR| oped

supply chai n managenent (SCM systens to assist in planning, scheduling,

and cont pfaha@dr caHRRdr¥aseiBé BFicidac o tRS etiredRRIRES | al |y avail abl e SCM
systens include those marketed by Manugi sticsTM |12TM BaanTM SAPTM-

Peopl eSoft TM ,and Or TM  Mbst of the syste attenpt t.o.opti,m ze
Supbly chai ns THFURE PhERSCHSeHHS Has ReeRsa IO ST P S Ency SatiALY B [Effpani os
such as AribaTM and to Conmerce OneTM have devel oped approaches to |inking
busi nessesempbaye mranfactuiringd opearationsis Byt poovidingt thebabilityoviiodsinmmplate olagiotior
creating business-to-business el ectronic conmerce market pl aces. |Instead of

focusi nggdagind BRPINSRESSRE Pah G5 &RorM éff‘écﬂvé‘lg' RRUR Phdinds PPoslRPe by

conventional ERP systens, SCM syst ocus outwards on the supply chain as

a whol e, taking into consideration ta fromvarious epierprise
partici p&f? smgﬁu?hﬁés sheriagesciRRPhPr m%rﬂqa&wowﬂmrygfs% ioma- Rt
systens provide great inprovenents over ERP systens in that they provide
faster régpedacinghdsihbeyprocssseésirra madpl yf sscudesrand comtaintsi ERB systems
si mul t aneously. However, SCM system just as conventional ERP systens
operate hy,{ineal that for viewing the current state of an operation and a test bed for
15  considering modifications to business processes.
Conventional ERP systems provide a mechanism for companies to perform
Manufacturing Resource Planning (MRP) and Distribution Resource Planning (DRP),
separately analyzing and planning for demand and supply.
A supply chain includes individuals and organizations that manufacture,

20 assemble, and distribute products and materials including suppliers, manufacturers,

distributors, wholesalers, retailers, and consumers, as well as the relationships



20 busi ness process nodeling and sinulation as a scheduling problem A
business is ' nodeled as a collection of resources and constraints whereby
a conmpanywousitootos VVO 01/ 99008 PCT/ USOL/ 19G52 det er m ne hpyg/bs®|iv use
its limted resources to achieve the |argest benefit attainable. By solving
t he scheduling problem conventional ERP and SCM systens attenpt to provide
a fully-ordered plan that optinmally solves the problempresented to it. 5

char act S ge” (R R E°pERhan oI, GrlIPRRLE: BbRY B Chpxgee. T

i a’(_t h precedent

Schedul | ng subproblem, given a set of activities a; ,.. a",
Tl at | ONB £k can Ps usefula anabe wPpR.ee demand separatelyivhea Jeeking 3 f orm

.the activities, what is the best allocation and ordering of the activities

and r esmiRey. inBeslatiog, it i9 usefulad lcynsidpr dspeasd asd tshipplgpsimitthnacaklyetoof sonme
expression J(ri) that is related to the cost of the resources used and the

Vet he el ricio) HiCR. SR SRS el SC Oy Bof AP B P

relationships aj > a;; that exist between themto acconplish the desired
obj éct i ansk devgloprdaupply chaive mpsngerhentoRCMipsystannmito t 458ist dh eplaniing,
subpr obl em cannot be approached until after the planning subprobl em has

been sodogedlind) AUCUdvdN of gy Shatrle TxaRBNeY ObLerteaf BBl s f or

real -world cases other than relatively trivial textbook ‘exanples, are

easily within th | ags of probl known i.n.c Lng Lheqry
NP CompPEtans sstuds - 6 Pl EEf by MEREEISiRE oM i BARYS SO, o
static set of activities ° as the business nodel. In pursuing a resource

al | ocat PespleS bfEBE ahBOackk™ECMakt of iest BylstérAl® BEMPITD dptindizd Sgply ohdihgn zat i on
processes can change attributes of activities, such as start and end tines

and al |l geat han I . I Vit i 8Sx:Qu Nt | A E a SCM
Syt oms AR et JrSRANGRES I AANEY [hh RiioR-borbRNE AR AFRERAI SN |
set of activities defines a static business nodel. 5 Unf ortunatelg, a

uce

st aflf ¢ Gosimerss Qred¥ have daveloped epnrpaches iy linkingbusinesge together to re
transaction costs by providing tools for creating business-to-business electronic
commerce marketplaces.
Instead of focusing inward on the business processes within an enterprise as
done by conventional ERP systems, SCM systems focus outwards on the supply chain
15  as a whole, taking into consideration data from various enterprises participating in the
supply chain. Conventional supply chain management systems provide great
improvements over ERP systems in that they provide faster response and they
consider supply and demand constraints simultaneously.
However, SCM system, just as conventional ERP systems operate by treating
20  business process modeling and simulation as a scheduling problem. A business is

modeled as a collection of resources and constraints whereby a company must



cannot account for all contingencies. Oten, the optimal schedule is not

t he best neans to handle the uncertainties of the real world because it is
not the mpsdom®dbasst. In the real world, requirenents and rpspukegRe= € not
static. The operation of a business is a dynam c process and it is
desirable to provide a supply chain 1o managenent systemthat can better
handl e the i nevitable changes that confront a corporate nmanager every day.
b Hét@ﬂngié RBYY Rt f&hﬁ&“‘ir? qrﬁit&i trSEbd:B%f kd Calcﬁ;?vebﬁx%aib'}ges& herR¥ii | abl e
resources and constraints 1 n real-world probl ens change over tine. Before
an optimal, plan _is carried out, a change will often_faorce reconsideration
and recaftainablei &y selvingtherschedyling probleay conyentional ERFeansh 8CNRFYSeR&dul i ng
.subproblemis typically very conputationally expensive, changes may occur
in the pteémpeitdhiovidisa RAROsRetdleping St loptiaihli§wRivedehe plobidm pestenteltth mal
schedul ers do not have a nechanismfor graded |levels of conmtnent to
-activities and their paraneters. Wien a change occurs, the entire schedul e
nmust benre-corrput ed. As aresult, a small change in input values to 20 the
opti mal schedul er can produce a | arge change in the resulting schedul e.
Actigities * Scheduling & ersnbprubden mfetheomsohgdudrel peoblerovoifbpleonmmg. To
unschedul ed. 5 WO Ul /990U8 PCT/ USUL/ 19652 A supply chai n managenent
system =1 j aded | evel s of
comﬁtrrtgﬁlattaicgrggﬁh Iegaﬁgwuggl%@g}gtﬁ%?ﬁg%gt 1%\%(%%}2%9 cal cul ate the next
action to take w.thout expending, the resources necessary tq _calculate a
so-cal | ed "optshgdvhing supproplemiqdivenod, sek ihagiivities am-c & NMefth PESSSdeRnor t ant
commitments 5 while rearranging other activities to acconmpdate changes.

At t enpt selatiofiflipd @, ang, adth @BESE redbuet ir[TR) r sadriddlte éﬁf‘foﬁﬁ_ the @utivigiegumer ous
nodi fications to the schedul e before reaching the end. Additionally, as

busi ness_pr.ocesse egcpne. nor e ,conpl.ex as .model s become nor etail ed,
Dhe! oot Rt R R Bed RO hd “SFBLER s Inihe R e Aud SER T Befihtor “and
| onger to conplete a so-called "optimal™ plan that will probably need to be

nmodi i echormallyexpiessed as thechpsinal biakuet of somasy exieressign Hmniheg ismedatedhiathet hat i s
faster than conventional optinmal, fully-ordered planners. Corporate

manager ScHesf iR rbffirecsRREY aRS HRVIMeFiPbLthine®, f eedback to cope with dynam c
busi ness situations. 15 Conventional SCM systens aggregate data from each

Phese. syt ems? BEBIE SRFFPTS VG BRb.05 TR eapPyes: HEE Beaind FRpPament

any collaboration. In a perfect world with static data, conplete

i nf or mat adivitiesal .per, fand twiimt sire) desprevelddnee relativeshipson at 2,38 eyistt batween
them to accomplish the desired objectives.

15 Clearly, these definitions imply that the scheduling subproblem cannot be
approached until after the planning subproblem has been solved. In addition, each of
these subproblems, when formulated for real-world cases other than relatively trivial
textbook examples, are easily within the class of problems known in computing
theory as NP-Complete.

20 Current approaches to ERP and SCM typically assume a static set of activities

as the business model. In pursuing a resource allocation, these ERP and SCM



are excellent tools for determ ning an optiml plan. However, in the rea
world with 20 inconplete information, overly sinplified business process
nodel s, argo ey®ogLhangi ng resources and constraints, conveptirQRal/ 1955V
systens are inadequate. There 6 VWO U1/ 990(18 PCT/ USU1119652 is a need
for a distributed systemw thout central control whereby participants can
mai ntain control over their own data. Wthin this system participants can
anal yze . I - . i e . hy ot suppl y
chai o e fizBbR PRI tafl hiub ARG, ERLGIIRAS SRRy Sakcondlerl ity °1 Py
can freely choose how to collaborate s wth his business partners. Each
par ti ci grhalleggtign nfgpsauressdioractiyitiasehel canveptional FERBandAEMysysiems dowever
.t he SCM system needs information about each participant's business to be
ef f ect i ¥& sebk td BiRaresthe RetdsfartivRics IRMAs16&:L SFhib Gtatid Sef EAUIVEES Rfifles
constraints of a participant, it cannot assist in inproving the supply
.chain with regard to at participant. On the other hand, the data used by
t he SCM?éV@WSﬁ??@S%ﬁ%) ‘very sensitive business data. In many supply
chains, participants may be conpetitors, or they nmay not trust sone or al
of the ot her Undiortureatglgn tas stafib dnusiniess analded i camnbobeac@Metoly taeoutateaand

provi des a data security nechanismso that a participant can prectisely
cont rol C i b Si i SRRy I yst ens
aIIom1sﬁ%%1§%%ﬁ§?ﬁ %gréfgﬁg%%%gcﬁg'c?ﬁ%gbg?%?gugélstofﬁﬂ%lﬁgﬁgﬂ$$§%$various
sources in a compn data repository. Once the data has been collected, a
conpany means iy hegdle the, én%r:ataantt%gzittﬁ@ rreqldwléagﬁcwﬁ delssid thamaskrobiish desire
for a SCM systemthat can performreal -tine collaboration and "what-if"'
anal ysi $n Uhé Hgald@osldp reqiitkeserity ail! deb@lrees WPyt ehhdicn WaE tdpetARAL 6f a20
Conventional SCM systens allow participants to col |l aborate by pooling data

and then anal yzin he pool ed dat a, t.oget her. conput i an optinpal. supply
chai n 70U 1 68 rBieert) 195 5 dRSiratle 1 pravidg A PuRsly ERRie mpdel
of collaboration is insufficient; an optiml supply chain as determ ned by
convént imarmigeiBediVsysismetiat ican rhsttenlhangks the irewithllstclianpges dst whfrant a

i ndi vidual participant or the chain at large. This is because the

convent i@ rate T HArs¥at BV&yliaged on static activity nodels treat costs and
benefits 2;235 zero-sum quan?iti es. That is, in order for one participant to

increase his gain,, others nust reduce thelr gaipns. .
ﬁetermm?ng an optimal schedule 1s often dnefficient because the available

resources and constraints in real-world problems change over time. Before an optimal
plan is carried out, a change will often force reconsideration and recalculation of that
15 plan. Because solving the optimal scheduling subproblem is typically very
computationally expensive, changes may occur in the pre-conditions before the result
can even be calculated. Optimal schedulers do not have a mechanism for graded
levels of commitment to activities and their parameters. When a change occurs, the
entire schedule must be re-computed. As a result, a small change in input values to
20  the optimal scheduler can produce a large change in the resulting schedule. Activities

that were once possible to schedule may now become unscheduled.



However, if activities thensel ves can be changed, opportunities can be
found to increase the total gain, not nerely reallocate it. Instead of

obt ai ni ngvemoppiobgral plan for the entire chain, a partici paot/yss/Pgse
interested in determ ning how changes to by others will affect that
partici pant and how changes by that participant will affect others. For
exanpl e, a supplier would be very interested in know ng that a delivery of

parts on Apri i0s d i e anot rti.cihpant..5 cents
For each uni 8PPl ERT nfine Bk SR MaE SR £ PRN R BRCLU P RER ate s
nmore favorable price. For exanple, the participant may be willing to give

t he suppsridged Bvelsmfsomynidmentisplasirablier Suchtesystenalopeldiqnigldy salzulpgnthe per
.unit. It is desirable to provide a systemthat can determ ne how changes in

activit iRt ABEGh RYtaRE Sviio b¥p&ltBh tRaebhirtfPRdceMaly tdtdisalhtel so-eARS Of
ot hers. Each participant, acting freely in his inforned best interest, may

-still change his.activitjes in a . way that is harnful. to his supply chain
part ner s.OP%"f n P13tk Ilnﬁflq?ﬁﬁ?rénﬁchn%(fyétﬁ’a’nﬁﬁ% TN imperdany) %&‘%S'f%@&%e
unwanted side effects that reduce the ' potential benefits or increase the
cost s of while rearpmiging bthien activities td@scominodateochanges. dAtientpts td\é@atkladd9008
PCT/ US01119GS2 system that can automatically detect and anal yze conflicting
activiti it | i . i 0, - Addi tienal |y,
convent | AP bR Btel C1HGh lie? ol SRR AGHE wEEhMRET Y.
to visualize the entire supply chain. As SCM systens grow, a user can 5

qui ckl y beiesmicachipadaent-with data. There is a desire for an intelligent
graphi cal user interface that can determne the intent of a user and adj ust
the display ag@@aitiinafyy as budinest ProddsSis bedsmhe REdrel E6tplekOaddNas HE®Ils
Several patents disclosing SCM systens have been issued by the United
States Patent and Trad rk O fi.ce., Eor .exanpl U. S, Patent .Nu

5. 655, 705 TNNS BFENFS, (i oPlifgy amIRE) RPGi s ot CupEPUAA oM | ovs
a decision nmaker to view a supply chain and generate an integrated

product i systemsltales; lamgeri andeldngey tpl compléteea’ stOdalledt Copitinaal oplais dbatawilhy t o
provi de dynam ¢ deci sion support to users; however, the system does not

refer topknowedasd asPbi o Bhbﬁcfél[‘d 1t Uis | thefBRGH! aegfdbfewfgpmfdaea ﬁl?@olﬁgoa'

oriented. The "'systemdisclosed Iin the "707 patent wou benefit t he
use ant 5 {ntent interpreter and a planner t uses deconposition

pl anni ng nte&hgmalﬁ thet s Jpterciban, cORYSHUOHa! S gﬁ*}’apvﬁ@r aRess-t HETRrEE ent
invention. Additionally, U S. Patent Number 5,974,395 to Bellini et al.
(the ' 39mamgpenstdesive fast,qeeehaps oxeatreal-time feodbaokl ¢ol cepd withrdyhemid businesy
across a supply chain planning engine. The '395 patent suffers fromthe
deficien%hgaj scri bed above. For exanple, 20 it uses a constraint-based,
centralized planni ng engi ne without any support for conflict

15 Conventional SCM systems aggregate data from each participant to a central
data repository. Once data has been collected, these systems use a centralized process
to analyze the data and implement any collaboration. In a perfect world with static
data, complete information, and perfect business models, conventional SCM systems
are excellent tools for determining an optimal plan. However, in the real world with

20 incomplete information, overly simplified business process models, and ever-

changing resources and constraints, conventional SCM systems are inadequate. There



detection. 9 WO 01/J) (108 PCT/USO1119GS2 It is desirable to provide a
system and nethod for intelligent supply chain collaboration that overcones
t he probl sweo1/weeknesses, and deficiencies found in convenpepiigh o6
systens. s SUVMARY OF THE | NVENTION I n accordance with the present

i nvention, a systemfor conducting supply chain managenent (SCM using
partial order planning is provided. The systemincludes a know edge base
for staorin ert e about. .o re b ness CLSSEeS donmai ns,
o i nf op e Beh R h L RIS o BRY a0 sPled BBt SREEY: REREERERar T
10 order pl anner, a managenent systemthat col I ects and distributes data
r egar dimgingis contrabeeertiheir awasdate.o¥EH e thianysterns paticipentsaas apalysothe goal s,
.and a graphical user interface systemthat displays information regarding

busi “eséat%‘?ﬁ?a‘iﬁ@ﬁ) th&Rard dthat 1%'%18@ aGAHbIEL Gjr'%ﬁh%r E&Eplg%ﬁélh artRlifdits Rbﬁﬂ”er to
determ ne a plan for achieving determ ned goal s BRI EF CRI PTI ON

-THE DRAW NGS The sent |nvet|on|sfurther d scribed in t etalled
HEoF D oy chlel

descri pfPdPTSReCH IanRgmdé‘)? pasticinast that san f’iﬂe %?FQC’LS? W @r 8@ty way
of non-limting exanples of illustrated enbodi nents of the present
i nvent i with Hinbwdineds partherst ef erence nuneral s 2o repr esent simlar parts

t hroughout the several draw ngs, and wherein: WO 01l 99008

chai n col | abbratipidpatif 888600 9%129%4#%#@ o R pradtfy

invention; FIG 2 is a block di agram describing a software inplenentation
of an shpwpyereﬂgﬁ HCHb sy e meers infoymation abetrearh partisipant'sinsinesein bof t he
present invention; s FIG 3 illustrates an inference engine for performng

shared pfeéivd. of ﬂﬁf ?Rte'l‘x'i‘ HoBY nBE BaVE hedss fo MerBhRes BRAcoRbtrdiie d¥r #sent
i nvention; and FIG ep| ct s a network diagram i ncl ud| ng three

Covent | Battcipat § RRRRRY pEAEciR: FEGRDIE dHE; PRI GPan Ty 6HEd R B mont  of
the present 1o invention;

10 participant. On the other hand, the data used by the SCM system is often very
sensitive business data. In many supply chains, participants may be competitors, or
they may not trust some or all of the other participants. There is a desire for a SCM
system that provides a data security mechanism so that a participant can precisely
control access to its sensitive business data.

15 Conventional SCM systems allow supply chain participants to collaborate by
storing data from various sources in a common data repository. Once the data has
been collected, a company can analyze the data together to reach consensus. There is
a desire for a SCM system that can perform real-time collaboration and “what-if”
analysis using data provided by multiple supply chain participants.

20 Conventional SCM systems allow participants to collaborate by pooling data

and then analyzing the pooled data together by computing an optimal supply chain



FIG 6 is a block diagramm ng describing the life cycle of a plan
mai nt ai ned by a pl anner according to one enbodi nent of the present

i nventionwdéioook i | l ustrates a portion of a concept graphpeg@e§itions t o one
enbodi nent of the present invention; 1s FIG 8 illustrates a portion of a
pl an-goal graph (PG5 according to one enbodi nent of the present invention;
FIG 9 describes a goal instance created by an intent interpreter according
to one o] jonvent Lom: I : i,Gt ortion
of a pIpZ%ngta gp{ttu%gé%? tﬁi:'?ﬁeElj'hls(tdregtt(]:%négdlt gr%%gr §t fﬁgﬁﬁgbgﬁ?aﬁ tgﬂﬁer
according to one enpodi nent of the present invention. 1 VWO O1/99008
GLOSSARYPPIYTFhaiR 23/ @@2“@0%@9?"@*@%1 SEM sB5emd d& NPk ey Rdbs B8Stof t he

.dependenci es between observabl e data val ues and hi gher-1| evel conputations

and assigidrégnst BRdRdANOW] pditicghant or Aheoctedptat glaggen CEHiils e berphemand ed as a
directed acyclic graph of concept s nodes that is a particular type of

“Tses o SenkREREL S AF R el S B BT e R e

use an inference engine to derl ve new facts and beliefs using a know edge
bases. Fadro-s@iguan@itizandibat {salis ordexl for dne pagicipand ol dncredsaring gdinaofheotess
that 1 o conputes a fully-ordered list of primtive steps or actions to

reach a,godle uéeﬂth |é;‘l;hseach step or action is fully definitized at the
conpl etion 1;1 e plranning process. Inference Engine: a conputer program

that infers new fact heliefs fromkno acts or belijefs
know edge ba@“&ﬂﬂr’df§gﬂ“€FSF hsgrse 33(96@%51%? IQPP@ﬁPmIﬁﬁﬁéF‘E)E’ gtle IE‘Cijlan
expert systemthat uses a know edge base to determ ne 15 the present

i nt ent i nimiresde Uhetotal gaing yiet emerelineallectye itBahitead sfoditeimingan obtikadw edge
(e.g., objects, concepts, relationships, facts, rules, etc.) expr essed in a

ranner gféﬁgfos'?ﬁé ellttsrc " nu 1y & p%?ﬁ%ig ngrllt?ér@ftﬁt’e?&?e% ﬁn&lté}ﬁtm ho%&( @{Hﬂ 5. onal

know ed ase I'nc ts of assertions

expert systens. . 20 Least Conmitnent Planner: a process that enerates a
pl ano t hhy ctbers axillnafiteaighat participentoandibety ehaoges byrbra mmcepmttwsleafémtr ses of
action unless it is 12 WO 01 /99008

others. For example, a supplier would be very interested in knowing that a delivery of

parts on April 1 instead of April 15 would save another participant 5 cents for each

unit delivered. With this knowledge, the supplier can negotiate a more favorable

price. For example, the participant may be willing to give the supplier 3 cents more

15  per unit if he is able to save 2 cents per unit. It is desirable to provide a system that

can determine how changes in activities made by one supply chain participant will
affect the costs of others.

Each participant, acting freely in his informed best interest, may still change

his activities in a way that is harmful to his supply chain partners. Often, well-

20 intentioned changes in business plans produce unwanted side effects that reduce the

potential benefits or increase the costs of the supply chain. It is desirable to provide a



PCT/ L1S01/ 19CS2 necessary to do so. A |least conm tnment planner avoids
definitizing any particul ar sub-elenent of a plan beyond the m ni num
necessar ywigodebey m ne |ikely success. Final definitizatiopcpuséi@es2
primtive steps is deferred until just prior to the execution of each plan
sub-el ement by a plan execution agent. s Primtive step. a representation
of an activity that is not further deconposed by a planner. Also called a

primtiye action. Partial-Q,der. P : r - t hat. e

parti al’ 3S/t88} é%a(r%e g{n?ogfa txggly vcl{efefcggﬂlérlte 5??432@283%%?@"?%“ n@égﬂ? e{"g‘?‘lﬁ rtll?eng
process. Plan. a abstract representation of a set of activities to be

per f or mawphy drain Ard alegt thpsssaffrctédat o the future. A plan nmay be deconposabl e
.into plan sub-elenents that define nore detailed activities. The | owest

| evel of decgpBRRnhilPNcAlveRtiGRABENI &sBErhiiddI¥@esSHseP itbrfacdsi ARt pdidn
Execution Agent. a process that directly operates on the environnent by
-performng actjvities represented by a.plan, | an- Goal Graph (PG5 : a
Know e BETF BRIy SRaliR e e B Py HyBish din PSSR EEP s & o i
operational domain as well as the intentions of a user. A PGG can be
expressauickly becoany ohindatedi with tdath. gThete wherdesipe dors anrintell egeotmgrephical nt o
subgoal s or primtive actions. Planner: a conputer programthat determ nes

a seque radl.o Q -action . : re
qoal o 5 BB St B ekl BERbR D, § ASERAR PR PR

| LLUSTRATED EMBODI MENT The present invention includes nethods and systens
for proeseprdigglntoedisplge ifems umest pedingnhtoliaby®ient services with

col | aboration and information distribution s supported by partial order

pl anni ng. Cog¢edthi pABhts AMdingBEM sPfeme aoe bedrchledbistheTnifddeStReWn i n
the art such as those marketed by Manugi sticsTM |12TM BaanTM SAPTM

Peopl eSof 1 T ac The enbodj escrihed bel IS .a.$0f t ware
ol eneeient RGeSl tisre oRGRRTPISn -5 ARGt NOTPSY ponrriy RSB | on,
one of ordinary skill in the art will be able to practice the present

i nvant i et alis(tig *¢@hpatent)odiatlosesf 4 wxstermdthat | adlovesna deocision mnallert tic Mitvg@es. The
preferred enbodi nent of the present invention is developed in C++ on a Sun

Mcr Osy%hg@yaﬁ fgﬁg [geegwam B9 mte§ra?éﬂ ?x‘ddﬁ?i%ﬂ,pﬁi&t, bHg iRVSHG aglme_w i ous

enbodi nen ent 1 nvention fTnprove on traditional tificral
techniq . One of ordinary skill ,in.the art nay find the following 1 s

r ef eren3§§7 patept GFSCE‘??%PCW%HF%BT%’ QW?IB{%‘&%%%@FW IS RAVEYRG i n the
desi gn

the system does not refer to knowledge explicitly and it is module oriented rather than
goal oriented. The system disclosed in the *707 patent would benefit from the use an

15  intent interpreter and a planner that uses decomposition planning to plan activities
within the chain as disclosed in the present invention.

Additionally, U.S. Patent Number 5,974,395 to Bellini et al. (the *395 patent)
discloses a system for extended enterprise planning across a supply chain planning
engine. The >395 patent suffers from the deficiencies described above. For example,

20 it uses a constraint-based, centralized planning engine without any support for conflict

detection.



and construction of inference engi nes, know edge bases, and vari ous

know edge representations used by the present invention: ( 1 ) Schank, R
C. and Ab&¥@omyeebs , Scripts, Plans Goals and Understandi ngpchigshsegke, NI:
Lawr ence Erl baum Associ ates {1977); (2) Schank, R C. and Ri esbeck, C. K,
I nsi de Conput er Understandi ng. 20 Hi |1 sdal e, NJ: Lawence Erl baum

Associ ates (1981); (3) Sacerdotl A Structure for Plans and

Behavi or s,

01/99(10S PCI\II%NSS%%[%‘i aé%s%@\rgb le é@%e’a éﬁ ng Br og?%@&lqﬁéﬁéggglé%rtl nus
Ni j hof f (1976) and (5) Charniak, E, R iesbeck, C K and MDernptt, D.,
Artificicallaboration it N EreeIBgY ahgripreplemp, weakiressesngnd (dekicisneies EOLBd i |
.Associates (1980). FIG 1 is a block diagramillustrating a typical SCM
system dofivéttichaBSCWPE tation, there several basic conponents including
the followwng: ( 1) demand planning 101; (2) supply planning 102; (3)
-manuf act uri ng scheduling 103; (4) transportation nanagenent 104; (5)
intelligent interface 105; and (6) information nanager 106. The demand

pl anni ng 101 subsystemis a tool that assists manufacturers in 1 o

det esmi BUMMARYORTHEJNNVENTIONTake based on denmand forecasts made using

hi storical data. The supply planning |02 subsystem hel ps manuf acturers

For eoast a0 deRunaor g o FRShe 13%'@? YREHERE oBERRHE Bubly Phl {1

ssi sts manu
determ ning the anopunt of addition upplies that should be stocked to
hel p pr epamMEHfnh{Eelb ysing ﬁ@tehef inmeg sproyideds akheunistegn ohedesia ng 103
subsystem assi sts nmanufacturers in creating production schedul es. The

syst em UgRsvlddgabageofor dtdaiing Bepery Rhdwledge aBERUSIECE: mded Busiabrprodskses
materials, and any other additional constraints to create and rral ntain the

schedul e tra er. 1 ,
and t racﬂorpgg‘ 8‘%‘9%3 nga"’%g" oFo gfeérl\?/rlyoc aé % Elhgﬁ.gf p@ﬁgﬁpl e,
once goods are 15 WO 01/99008 PCT/ US01/ 19CS2 manuf act ur ed, the

t r anEpor ouler planman agmanagament; systgimthat eoledts and digtdbuses Hetag@e@lshrm en¢ ocat ed

and where their final destination will be, and plans delivery accordingly.
Conponengs nﬁirglbhﬁheésopﬁd&@%s ahe %te%ﬁﬁ‘n@fs%ﬂ&joﬂ thop@ By &8t hpnal ﬁ@%a‘—l Yiiskes.
One of ordinary skill in the art will know how to make and use these

S the ow focuses .on the differences b t\a/veen

t b
ggmgﬂf |n Hﬁ%{fst‘%owggglt ghzit g a?yﬁel pppation  regarding business processes.

inference engine uses the partial order planner to determine a plan for achieving
determined goals.
15

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is further described in the detailed description which
follows, by reference to a plurality of drawings by way of non-limiting examples of
illustrated embodiments of the present invention, in which like reference numerals

20 represent similar parts throughout the several drawings, and wherein:
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I n one enbodi ment of the present invention, demand planning 101, supply
pl anni ng 102, manufacturing scheduling 103 and transportati on managenent
104 all utsidéizo@n i nference engine to assist in creating per/uk@lresder
pl ans for neeting 1o business goals. In one enbodi nent of the present
invention, the inference engine that provides these functions is a
distributed inference engine that shares the planning processes across a

plurality of oMl & al BILEE G aLN A RESSACHPIRPAPBHT cipdin LddBaBsARBA

i nvention i ng?gg]es aﬁ i ntel I1| ggnt }drgl?grl?%e )?)05_ TE@yi cr:1t el?l [ ggnt I nterface
105 is a goal-orignted sysiemthat adjusts the display of data ~ s

accor di ﬁ)jg?’@ qcﬁgrdﬁ)‘?%l;?sarh%"&%%&?eéﬁ 8?875 RISt MVANUAMaddi t i onal enbodi nent  of
the present invention, the intelligent interface 105 interprets the intent
of a user to & arigiabloghalisrandiaadibinga sdfevat dpiplamattatitat af as copsliyngl y.
Finally, information manager 106 mai ntains data shared by the various
-supply i N | Ci T i: i . .Qr.ce data
or ot et FOATbsBAYblaEo BT G oGl R AP B0ERAR AR e abech RIS ° e
supply chain participants. The shared know edge is then used by the other
conpbénent s dild€uis% dHustraiese an1mferengeoepgine/ HyopsfEoimgsbaredopatiakogier2 shows
a schematic diagramdescribing an inplementation of any of the planning

pr ocess giandifg hectirhode WRB ¢niHoAnhbmhf ih&presert tRintiop! andi ng 102,

manuf acturi ng planning 103, or transportation planning 104. In this

enbodi nent , ftware conponent depends on oper.ating.system 201, In the
roferred 5 GO RIS BrerHOR aBam O uHE o DEPOPARS ighSySoRAnsmn | s
the Sol ari sTM operating systemthat runs on Sun M crosystensTM and

| nt el TMdeaerting copn embodiftent ofthegiresent mpvehtion;201 provi des a platform for
executing software applications and provides a standardi zed interface that

abst racts 11 OPIGS ifgkAlds, Gl ntAlREhfng 16 BHP UhibodiniR SHRE Bredhn

dat abase 202 1's run on opera system to providing a nechanismfor

storing,, searching, and retrieving | arge anmounts of data. In the preferred
embol me@VERROhe preésent invention, database 202 is an Oracl eTM dat abase.
Usi ng dat abase 202 and operating system 201, inference engine 203 provi des

the tool s andriGagayariotlodiapeirh@ing deschididd e 16 dStlePda platdmalntained
conventional SCMt s systens, inference engine 203 is an optiml schedul er.

par 1 - 67 AR Eolo e SHE P B R B e WY BRE 205°16 1 ner ease the

performance and to better handle the uncertainties and chall enges
encount ered i K1Gh@ ikesitatesor pettionwfateonpeiarapheercordingiterent embpdiment of
partial -order planner is a |east comm tnent planner. 17

the present invention;
15 FIG. 8 illustrates a portion of a plan-goal graph (PGG) according to one
embodiment of the present invention;
FIG. 9 describes a goal instance created by an intent interpreter according to
one embodiment of the present invention; and
FIG. 10 depicts a portion of a plan-goal graph (PGG) illustrating the operation

20 of a planner according to one embodiment of the present invention.
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WO 01 /99008 PCT/ USULl/ 19GS2 Finally, the graphical user interface 205
provi des a nmechanismfor interacting with users by displaying data on a
conput er s e@ao@d by receiving user input froma devi ce pugiis@giogsmouse,
keyboard, or touch screen. FIG 3 is a schematic diagramillustrating

i nference engi ne 203 according to s one enbodi ment of the present

i nvention. Inference engine 203 includes one or nore planners 302, an

i nt ent é hRiGeg-er 303, an information manager 304, a script performer 305,
a knomkegge—gggg 306, and a situation assessor 307. Each of these
conponents is described in nore detail below In addition, the follow ng
publ i cat i onsCereept i Giapg: \Paknowledggergpresentation| eh#et depasnisneies thegween
.constituent conponents of an 1o inference engine are hereby incorporated by

r ef er engfervable hath‘Qf%hfefsra%%%ﬁéherﬁ%bélﬂé@n%%ﬁ@%“mﬁﬁ&sé@foﬁ@@nﬁe 5 g

Proceedi ngs of the International Joint nferences on Artificia

.Intelligence, 1989 Wr ksho n I ntegrated Hunman- Mgchine Intelljgence in
her ospHUEROA (BRECPLGADE Chp TGRSR AR 25, hABRERE, Aglie e int of FrueRt
Qperator Support Systens. (August 21, 1989); (2) Geddes, Norman D., et al.

Fost®r i ngddsshaids b phricaidrapps of SyghatediramitoenstwofBYARD)se, WIlliam B., et
al. An Architecture for Intelligent Interfaces: Qutline of an Approach to

Supporting f : P j vol .
3 b, 87128 ke o Ry PRBEAE g R0 TR bR pARARIAMS
Supervi si ng Unnanned Rovi ng Vehicles Through an Intelligent Interface; (5)
Geddes, solsingaproblemset Myist exparbaystens Aseandnfarensesmeins iondesiveangvofacts
Requirenents for an Intelligent Display; (6) MIler, Christopher A, et al.

Pl an- Baggd bb1idfe hsMbiadthorasddd ygent s Aut omat ed Knowl edge Acquisition to
Support 18 WD 01799008 PCT/ USULl/ 19652 | nformati on Managenent in an

Intelligent Pilot-VYehicle Interface.,.Dgital Avjonics Systens Conference
(Seattle, V\aglﬂilff@f%ﬁ P?ff”ﬁﬁer (§{59, c ]é@)g‘l t‘%’?‘}”@&d@g{m r frelff OBFSS &'ﬂtge
Scal e Mbdel s of Cooperative and Hostile Intentions. | EEE Conputer Society,
| nt @0 nacompates Gofiflk-emieredalist Mbpiimitive stapEoyactémsi togea¢h €gopljtinrwidabed s
Systens (ECBS 97) (Monterey, California, March 27-28, 1997); (8) Wbb,
Barry WeacREFBPaliof 3485 defifiizbe 3t i DmoliRdifor e bRiARM{ fachlinagenent
with a Hla(ér arfgﬁ?gafong%spﬁgye ng,r:gt or?éc Rouse,thV\})B., l\l%%].acGeddes, and
JM  Hanmrer. uter-aided fighter pilots. |EEE Spectrum pp.38-4 Mar ch
1990); (10) ferce Jpgine:q fgcqmputer PROSTAR that lrgéqstne@brfﬁ%m %shefmf}w%at ed
Vehi cles: A Decision Aiding 1 o Method for Coordination of Multiple

Uni nhabiknesimfactsios delidfsnsingfd knovsledge Badeaindfzndet bfifopficut dpsekiond.e Syst ens
I nternational A UYSI'98 25th Annual Synposium and

Intent Interpreter: an expert system that uses a knowledge base to determine

15  the present intention of a user or a system.

Knowledge Base: a collection of knowledge (e.g., objects, concepts,
relationships, facts, rules, etc.) expressed in a manner such that it can be used by an
inference engine. For example, a knowledge base may include rules and facts or
assertions as in traditional expert systems. .

20 Least Commitment Planner: a process that generates a plan that avoids

making a choice between two or more alternative courses of action unless it is

12



Exhibition (Huntsville, Al abama, June 8-12, 1998); (11) Ceddes, N.D., R J.
Lee, and J.L. Brown. A Portable Lightweight Associate for Urban Helicopter
Pi | ot age Supoi/ddoesl to | EEE (Septenber 25, 1997); and (13) eeddRe: 145D
"Associ ate Systens: 15 A framework for human-conputer cooperation. " 7th

I nternati onal Conference of Human- Conputer Interaction. (San Francisco,
California, August 24-29, 1997). First, we discuss the one or nore planners
302. An i l. pha r . i S i Welok
novever ERRNT: 80 %0, PATSAS orERR ARk S 0ol RRRRENL chf ¥ERIRAY

| east-conm t ment planner. Such a planner is able to effectively 20 manage
real - ti ridbeispenti ofhajnian beyendythegmimimumpiecgssaphih geterming Bkaly rsieeassn
.space. In a SCM system the current state of the systemis constantly

changi nFinkiddefthtizatibh@fehd pfifAN el feiRGE défQ#dHKETdus paip ke thetec@isiess are
e

pl aced, efficiencies change, consuner supply fluctuates, and th

-avai | abi | of lLabor a arts changes. A systemthat only plans to the

| evel ofeaﬁé@ﬂq S"b?é@@’g’gﬂ YEBEWF’BU&E%‘?% lity for given constraints
conserves resources and/or options by preventing excessive planning and
commist nent i nPeindyjveasvep. enneprasantation ofeneactivityethetr B¢ Surtheradesonmoded
intentions are always changing. In one enbodiment of the present invention,

the party :d Pc{nﬂ@f’Ahs%ac%’ileﬁgrﬁﬁrﬁi@i%gtacﬁbﬁnner uses an abstract deconposition

of the busihess objectives. "This deconposition is represented as a plan and

goal graph (PGS, .an acyc]ic, directed graph that represents,  the hierarchy
of possi bl e ghartnliGder Jlgnpa: pdr BIRSEsY gnaaogﬁnévé%aa nagtiallt perderedh get pE
met hods (or plans) 1o that can be used to satisfy each goal. Broad, general

pl ans ar getiveésa ehé e&nbktibhaiﬂtﬁ@ﬂ@ﬁnjﬁ?ﬂrb&s&% that are higher in the
directed acyclic graph structure, while | ower |evel plan sub-elenents

provide increasing |levels of detail ip the lower.levels of th G, A
ot al or der HhrARY S afrmiaetiny of piodrob it Bgptioris Forg mé
described by N.D. Geddes and R J. Lee in a paper entitled "Intelligent
Cont 1@l prasemtsint therdv@ite. Vet iptine mayrb®elecaiposatdal intg plast salbrefements that
Coordination of Multiple Uninhabited Tactical Aircraft” published June

1998. Tr adfitd st M séiBed!STHR fowdst @é\%@rofp&eégﬁﬁbsitiénp&faé‘@ﬁn is a

determ nes a sequence of activities that can be taken to achieve as many
desired stat.es or %Pals as possible given avail able resources and domain
const r ai REEILRE FEPIOT3PURR- bl anner 20 determines the "optimal " sequence of
activities to be taken. Because this process requires searching all
conbi nati ons damd@xewmitidredgtis. deprocessrtbat dieedthysoperatebondié enviranmed by WO
Ul/ 99008 PCT/ USOL/ 19152

performing activities represented by a plan.

15 Plan-Goal Graph (PGG): a knowledge representation for expressing causal

relationships in an operational domain as well as the intentions of a user. A PGG can

be expressed as an acyclic, directed graph where plans are decomposed into subgoals

or primitive actions.

Planner: a computer program that determines a sequence of operations or

20  actions to be taken to reach one or more goals.

13



is order n-cubed or worse in the nunber of activities. Partial order

pl anners conpute |ess than the "optimal" sequence of activities to be

t aken. Fow@exiaypise, one type of partial order planner is apteaséy/dessm t ment
pl anner that operates by conmtting to as little as possible, thus reducing
exponential growth of the search space resulting in 5 increased planning
speed. Since all plans are not necessarily considered, a partial order

pl anner may not find the optinmal sequence of activities for reaching one or
nore goals; however, a plan that satisfies domain and resource constraints
wi ||l be qui Ck1|3 IrEOVi ded and the reful tin

plan can be recal cul ated as
changePE T8 he pl anner 302

s a parti a! order 1 o I an_er and rraags its level of commitment to the
activities iThd pRs@hERVENidS IR Thh8dd AR 8y RS forehlotibPimeligkhe |ife
cycle states of plan sub-elements. One enbodinent of the plan |ife cycle
-state transitjans is shown in Figure 6. As a.plan, sub-el enent ves through
te i rePEp hAE mrRat T Ao SoNdboudidn S SHbrReSTh s ar 1 a)
order planner is increasing its conmtnent to that plan sub-elenent. 1 s
The sparduppbrted dg pagtiaonder playhiag.s Coneehtiomal Sapplgr@haimdfinapymetaS8giMy t he

pl an sub el enent state to rejected state or revoked state and ultimately to
aterm Thi i i - NI 16TM ed | evel

of comﬂatg%e%gstﬁ%gélgggcﬂtgf:gﬁ%gggﬁag&%%#gﬁd%%mgnn%%?gﬁerftﬁof’ € ptesent
invention, state transitions of the plan sub 20 elenments are performed by
the pl apABMIPeopleS offdh and Oreelelte The emhodimentedesrribed below is Bsofwarat i on
assessor 307. Wen the planner 302 noves a plan sub-elenment to a new 21

WO OL/ 9fRf1biheRfatiok S {HOFR8ernt! infehiidil. © 194iAk She THRoWInRNA&Cr ggn,r eseiept s the

activation of specific nonitors within situation assessor In one
enbodi nenf._of the present invention, the nonitors represent t.he canditions
under wATHRATY Skt n?’%u peﬁgnﬁ'ﬁﬁ éq..oe{hl% tﬁ’epfe}célﬁgi{tﬁeoﬂﬁe?tol%veﬁhf)’ﬂepﬁﬁg one of
its plurality of life cycle states. The situation assessor 307 5

per i®di cahvopntionall sofitvesse tdewelopment toolsand teshsiqubsit Thapefowedembodinatntéd, and
provi des an event signal to the planner 302 for each specific nonitor whose

condi ti hadakied [ f : ' i :L.pcl udes
ot ent B, G o S e e o b e
user's %:é'ons {Mo determ ne what the to user is trying to acconplish. The
intent I PlaFIE T PPIBURE $¥S¥Mysi ng a task-anal ytic deconposition of the
pur poses of users within the business process domain. In one enbodi nent of
t he i nventi oThet h&rious enibodirhentpraft the pssentainveatiomrithpgoad ofreaditiods) f or
its knowl edge that is the sanme as is used by planner 302. Additionally,

ntent LpSRKR Sl UG 'GPOYREY NIRRT BRUN S TR roINGRS

scripts are sequenc

15 references helpful in providing appropriate background understanding in the design
and construction of inference engines, knowledge bases, and various knowledge
representations used by the present invention: (1) Schank, R. C. and Abelson, R.,
Scripts, Plans Goals and Understanding, Hillsdale, NJ: Lawrence Erlbaum Associates
(1977); (2) Schank, R. C. and Riesbeck, C. K., Inside Computer Understanding.

20 Hillsdale, NJ: Lawrence Erlbaum Associates (1981); (3) Sacerdoti, E. D., A Structure

for Plans and Behaviors, New York: Elsevier (1978); (4) Rinnooy Kan, A.H.G.,

14



15 partially specified primtive actions whose execution may be dependent
on the state of the execution context. O her enbodi nents may use scripts

t hat may wieddeoghon primtive actions (e.g., recursive SCpePusGMotS Or
additional script calls). Scripts represent standard procedures or business
processes that are routinely used to perform specific business processes
descri bed by plan sub-el enents. Such standard busi ness 20 procedures my

i ncl ude r&.r o] ngr pal. . e . an erating
condi ti ggé&gﬁ%hgcrpegﬁﬁggts%@ge?%% tﬁllﬁeﬁ?%@ e'ngviI | r{ﬁg‘?g&gﬁéf; g@gkﬁsgggr soni ng
22 WO 0O1/99008 PCT/USUL/ 19GS2 on the PGG to represent problem solving
behavi orfharniak, Br Rieglecks €k yandhdeDexmetti By Avtidicial dntefligsnes Bengramniingd by
.scripts are not appropriate for the situation. Using assertions nade by the

ot her cqmMRASB! NI A awRAcSEAbSRMIAGBERRS (Y94d). domai n knowl edge stored in
know edge base 306, the intent interpreter determnes the nost 5 likely

.intent of a .. This termmned intent.,is then ys 0 update_the,
i nformati on B@agldissﬁl g@@ﬁ 5]’6‘3{% '@é‘é atéﬂ‘ﬁjatm%ﬂegm Yaemhr HHrBisp| ans
to satisfy the interpreted goals of the user. One enbodi nent of the present

i nvenst i dmplsmsntation,ntheret seivetad bpsie tcornponants dncludinighthe foldewinighél) demdnidH.
Hoshstrasser and N.D. Geddes in a paper entitled "OPAL: 1o Operater |ntent

| nf er enci £ar t el i 0 u I . ishedndulyy 1989.
The. 1 nt Seoningc 180 ) ATy, HRERSTT 05 PP ottty RHRMERSTOSA) 20
both scripts and plan-goal graphs. The systemtries to understand gperator
acti ons Wapspertadonmanagemgnt dAts (aitelbigerpinterfage 10%emmd (@hinfermaion s said
to be "explained" if it is consistent with what was expected by the intent
nodel . lfpadfigeritobent interpreter first tries to interpret the intent of an
operator action using script-based reasoning. This is equivalent to

eval uating the,user's ,behavior. ,n the context qf _ existing active standard
busi ness pr oci&ﬁr‘%glaﬁfl Iﬁﬁ‘%mBg i YRSy Rm }‘—fa?:ﬁ()@c‘ihﬁééssé%? 3’&'“”&"?? HE Bur r ent
intent nodel is examned to determne if the action is an expected step in
t he ®xecdt¢teominidg thow stanjypprodiétst toemake ibasedrencémsamh fareeasts madamsipen 20
segnent of a script, the event is nmarked as conpl eted and the operator

action ig: i . I I NBnSel i t, is
f ound earﬁllsf\/(")f(iggrai‘,fl d?%cgﬁg Sggﬁ b % 01% 9&%%&2@%%&0?% ?’émc%\zfgdg‘é‘lreﬁ gtglggrtﬁgct ion
cript. Wien the s baéseﬁd reasoner

may occur in, nore.than one_active ) ript-

runs, it Sulienaieedsd b AR SHOEEREPIAANS o Megte e R0 SIRAEE i ne

if any of the scripts should be renoved fromthe current nodel of intent.
Supply planning 102 also assists manufacturers in determining the amount of
additional supplies that should be stocked to help prevent an assembly line shutdown.

15 The manufacturing scheduling 103 subsystem assists manufacturers in creating
production schedules. The system uses data regarding the available resources, both
labor and materials, and any other additional constraints to create and maintain the
schedule.

The transportation manager 104 subsystem helps plan, schedule, and track the

20 delivery of goods or services to customers. For example, once goods are

15



If the action is not predicted by the active scripts, then the systemtries
pl an s based reasoning to explain the action in ternms of a plan to satisfy
one of thsv@owgsesd goal s of the operator. In order to do thesuséhRegystem
uses a know edge base that incorporates domain know edge and know edge of

t he possi bl e plans and goals of the operator. The know edge base is a

rel ati onshi p-based representation of the plan and goal graph for the given
domai n. The .PGG r.epresents goal -driven oblLem sol vi o ,behavi ors, of the
User. THRARGIREHnOIe RERP UG MREEfON S BATRS SRPTODET QB Bt PO ar e
related to the low |l evel plans. Constraints are placed on the rel ationships
t o pr oviagelagatedyantdovkare theit fifidrdestimatoonwidkle, iand plans l[detilerysaccominglycur r ed.
.To explain an operator action through plans, the system backward chai ns

through its mﬂh&%ﬁs %ﬁﬁnge tﬁg%ega%qv@gﬂ&ffoami@e&ﬁ%ﬁm&l geRfsdads by any

of the 1 s current plans and go e operator. This may require
inferring interpedi ai( pl ans an oals in order t9 connect the action to a
hi gher 1€R%&P %ﬂfﬁw §bm t%@waﬁwa PV tuBraK and vpe thess AMPPRSIES:&9d goal s
wi |l be invoked and incorporated into the current nodel of the operator's

intent. thBelidcntdot belvie forueéLon FR3diffeeendes herdemt chiventi ad @UNIGysRnispdat e
the nodel of the user's current intentions. As mentioned earlier, 20 a side

effect of i Lr ew plan or goal may require revoki ng other plans and
goal s thﬂdtggérﬁsgﬁ%&%?%l% i nconsistent with the newy added plans and
goals. Scripts 24  VNO 01/99(108 PCT/US01/ 19652 may be activated or
revoked by thim pré embredimentodf Hwwpresemisinyentien,| demdndt plangingt 0d,i ipphabl e to
explain the operator's action either by scripts or plans, it is potentially

an oper agipmidk 107! Mari¥adihidngd'Séledulifg 408 dndlBARPpSHAIon3RAnkSeridit 104 all

necessary.~ conponent of the present invention; s however, the intent
interpreter 303 can provide a nmechani,smfor building.an [ntelligent

deci si onU@H#5H 3Rt ‘@9@8%%@8‘%5%‘? ASSISh A FrEREN g PAE AL d‘?rnplﬂnév\*qli Meghing yzi ng,
nodi fying, simulating, and testing the business processes and the data

stor edl i businesS@hhlsy Ihainme coitwdanbotciiithe bresént ineemtiozs ¢y inferéacy érggine that udes a
partial order planner without an intent interpreter 303. This enbodi nent
can be u : i Cl | y- Y. d_pl i -1n a SCM
Systom AR BB silcdobs 38'a isRBHAL BEHBRE erlie, HRFRAR AR
situated scripts that are_stored_in know edge base 306. As discussed above,
t hese scPrqsessenperoseapdyality ofisimilar inferepcesentfingsi ed primitive actions whose
execution is context sensitive. This conponent is a valuable tool in

i ncreasi ng t h@mefdmbddiment of thehrestis ib@htion indudosPRdntelli gl irterfRce 105.
performance. The scripts can be thought of as a know edge representation

can e vibgan Bl ARE BT el b Rl PG UAR

15 according to the plans and goals of a user. In an additional embodiment of the present

invention, the intelligent interface 105 interprets the intent of a user to determine
goals and adjusts the display of data accordingly.

Finally, information manager 106 maintains data shared by the various supply

chain participants. The information manager 106 can enforce data protection and

20  exchanges data with the information managers of other supply chain participants. The

shared knowledge is then used by the other components discussed above.
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The informati on manager 304 conponent of this enbodi nent of the present

i nvention provides automatic information managenent features for the user

i nterfacewoonymog or col |l aboration with other partici pantspcinisogigsepp! v
chai n managenent system The information nmanager 304 uses know edge stored
in know edge base 306 25 WO U1/ 99008 PCT/ USOL/ 19G52 i ncl udi ng the present
intent of a user as determined by intent interpreter 303 to deci de what

i nformation l.d,be di splayed to the user. and .shared w.th ot her

bar t1 ¢l pant s FIChPPRaE LTS BERE £ SR ERb ARG RIS it obhE0f thevs anc
i ntentions change. This enbodi nent of the present invention uses a nodel to
det er ni raniing | pfeerwsi omchidiee ddembnd e gplaoninghel @lyr sepply k mdatinduigie 102se. One
.enbodi ment of the present invention uses an information manager 304 simlar

to that desehthedsi fladfing o3¢0 t%sﬁaﬂti&??b&nnmhglt)i ozlﬁeciﬂet%is efBollinintNest

entitled "I nformation Mahagenent w a Herarchical D splay Generator."
‘This article describes an inplenentation of a syste hat sel ects and
tailors %5 § £ SQmHP%eﬁ}tggngﬁfQﬂ RRCT B éy%ﬂ@ Egtksi%égﬁgprﬁgffrf@r med by
a user. Finally, know edge base 306 stores all know edge used in the system

t 0 conduahbodiaranofithe presendim@nibansperating Pistem 293 ¢4 theBdarig™ @eratiighi ps,
frames, etc. The know edge consists of know edge patterns and know edge

i nst ance i iQn e j i i cy of the

know edg Slte% %@gkﬁe% ‘W:aﬁff ﬁ’ﬁ?‘f?ﬁ%m@%gﬁg‘ﬁfg@%ta@ég@%éhﬁé}%dent i fying and
resol ving any inconsistent or outdated beliefs. In one enbodi nent of the
present i nvenThenoparhiéngisystem o20laspresisiss asphitfermo fiore pxeeutingh sobwapat e
data val ues and beliefs. A concept graph is a know edge representation of
the depepsiangtisss RRf YoIeRRASeINRRiSe Atk fAR! HASHRRE:D fohetire! RYAls of the
conput ations and assertions made about the data. 20 In one enbodi nent of
the present [nvention, hg concept aph i udes one or re mean or
ol cul ar RAGEDREE Goippoterts hugnags. vhdetiiee 2025 e praoswelit S399tnaal Th 26
V1-' O O1/99008 PCT/USOL/ 19CS2 t he val ues of each concept. One such neans
for eal cptaiding domieckdnisia Bayesingp searching)\asd réthievinigtlaegei anowss ef slata. 307
recei ves new data, concepts that depend on that data are updated and their
belief v qat.e t . i alues,
the of tust i, pREGrel SfBaL e 48 Bckapbiaplon ARaNBITAOT iR ekt g
for s non-npnotonic truth maintenance for the situation assessor 307. FIG
4 di spl a§3§ a%fet wor k di agram accordi ng to one enbodi ment of the

Using database 202 and operating system 201, inference engine 203 provides
the tools and framework for performing partial order planning. In conventional SCM

15  systems, inference engine 203 is an optimal scheduler.
The present invention improves on the prior art by providing a partial-order
planner as a part of the inference engine 203 to increase the performance and to better
handle the uncertainties and challenges encountered in the real-world. In the

preferred embodiment, the partial-order planner is a least commitment planner.
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present invention. In this enbodi ment, the supply chain managenent system
is made up of three supply chain participants: participant A 403,

partici panwoRiAfebs and participant C 405. Each of the partigdpadhifodsS
connected to the Internet 401 using a conventional network connection.
Though the SCM system herein described has security features to prevent the
unaut hori zed access of data, participants will likely wish to use a
firewal |l 402_to,prqvide furiher .protection of..sensitjve corporate.data. For
exanpte. 11 EgiD: eoeeanisab i SRERSE DS paindy D ise b eror fidiafias

enbodi nent of the present invention, access permi ssions are kept for 1 s
each t akiith wkrsdayt displayingiddta oarr cogsssr scovenrapld Uy eeivin@ser put fronr @si dent
wthin a participant's system For exanple, one table stored in the present
i nvent i goyiPREMHY m%uEéeq\%SIQO ar o£R%5h syetpmer order. The nunber of orders
is relevant in determ ni'ng”and forecasting the demand for products used in
the supply chain; however, order data nay be fsensitivga, es;eci ally if one
of the parti élidadtis g schematic Gpgrpm: HisHraling anfsrence gpginet )3 ageprding\tey 01
/99008 PCT/ US(I 1/ 19GS2 For exanple, participant C 405 supplies participant

A 408 wioh8 ehitpdirfletrofsha/prébesPin@ynticd-Dinfe@ned engdine O3 Usdalldsdne &t sastel
digital assistants (PDAs). Participant G al so manufactures personal digital

assistants (PDAs),. In.this.sjtuatio part. ci pant C 405 wo not wi.sh to
Shar e aBiahmely Dpy T iteent iler il ???’pﬁ‘f't‘if’i‘?‘ﬁ?ﬂ‘t"nA%ﬁg%ngQ% & 86y t ed
basis and vice versa. However, the two participants do have a defined

rel at i orpetfopmbie80&em knhwladgedhdst S00; and @t sibvatiph sassest@r 30DEpeln of shese
participant C 405 intended for use by participant A 403, and the specific

product i : LIS ‘Bahldhel : t he two
Rhpdnefs if QEsdrived il Bl _dkaﬁ%ld»g% BYdiBBh! the 59%‘2%‘? dﬁgyﬁcaﬁéns

partici pants agree to share their specific supply an ans for the
LCDs used by participant A 403, tlhen the to_specific information related to
those plASTIRIgE ariouaexamplarny Amplempaations Qbﬁwerr#lﬁwﬁarcpm@pagnﬁ of angs
system ACL and vice versa. This permts each participant systemto update

eachioot Haferendeosmgine adre Vhareby Hecapertedoby clefergace: i (1) tHeststresef,i Beldyduct i on
pl ans or situations they have agreed to share. Neither participant is ever

gr ant ed I~ t i . i this
rboct meiifrr i M85 PG Phob U b HE thickBiBhin i il
determ ne their level of participation in the system by choosing. the extent
t o whi chon Aetifigiel fnteldigenes £9&% dorkplomen Infeswat mapachine Ieligends ¢ h

ot her specific participants. The nore information that is shared, the nore
val uabl eint Aercspadec8yREBOTRIPADO I erdor Prvehi DiffRntmg Yo ThteliRns (2»gemtbr lity

even if very little detail is shared 20 between participants.
Support Systems. (August 21, 1989); (2) Geddes, Norman D., et al. Fostering
15 Collaboration in System of Systems; (3) Rouse, William B., et al. An Architecture for
Intelligent Interfaces: Outline of an Approach to Supporting Operators of Complex
Systems. Human-Computer Interaction, vol. 3, pp. 87-122 (1987); (4) Geddes,
Norman D. and Mark A. Hoffman. Supervising Unmanned Roving Vehicles Through
an Intelligent Interface; (5) Geddes, Norman D., et al. Automated Acquisition of

20 Information Requirements for an Intelligent Display; (6) Miller, Christopher A., et al.

Plan-Based Information Requirements: Automated Knowledge Acquisition to Support

18



WO 01/991108 PCT/US(11 /19152 O her enbodi nents of the present invention
require greater granularity and control over data security. For exanple,
one enbodwot/o%es Nt ai ns access control lists (AGs) for epehdai/petrcord
used in the SCM system Consider the supply chain shown in FIG 5.

Manuf acturer 503 is a conpany s that manufactures w dgets made using

mat eri al s and conponents supplied by supplier A 501 and supplier B 502.
Once th ' : : : ive 0 G i but or
504 who grHaanT MANECRER A MhRRLIGERICL VRN flftal CEAB Aol
505 and retailer B S06. According to an enbodi nent of the present

i nvent i osteachoparance (pagtle; W%S%@gl()lb Qatphary>-@haPPe)s koneddesFrNarmgn

.mai ntai ns a supply chain managenent system Each system maintains netrics

such as D.h¢ aap® $ekleOMddeise bf A dbper@ineUarRd Hstittl dhtehitionsd UTBEES Cotnpifdect s,
costs, etc. A security nechanismis provided that protects proprietary

-busi nesg, dat a each ti.ci pant f t.he ot her.participants. For exanpl e,
't st poee o Bt ohel S ePekug YRR, & ot Rte & ERiiriendased
conponents or materials to manufacturer 503, then as direct conpetitors

t hey 5o stysterisdlEXC BRAT)d Montemdys Kaliforstea Marcin 2728, 1967); ¢8)y Webb, BatrgrWhusi ness
data with each other. However, supplier A5 01 and supplier B 5 02 would

not be ,9[%9‘0 d Ki t il r 3 or

ot hers ?ﬁot e g%'pgégdgﬁaiaﬁ.& ﬁ'%éeﬁ\es;b;'t ?ﬁgﬁl oagogrg%ﬁo paﬁ&}ig‘g%}e{%ﬁ rg&sgeci fy
what ever_secur it ol icy_ they w sh. 20 In a supply chain managenent system
it is us’éﬂemmhwy 6&3% iGeagt @or: 9 Kot W B-» rﬁl}ﬁ eddepeansk §.MetHammgt.

actions made by a participant will have on other participants. 29 WO 01

/99008 RTImpliet-aidedatzotiter piteaIHEE Spégromipy. 38-dU(Marcle hodo); (1)) Gediet t i f
supplier A 501 ships w dget conponents one nonth later than prom sed, or if

or coent NAvert B ban Aol Rl Se ARl Yo bR PRI i S ar

to make these determ nations while protecting proprietary 5 corporate data.
Suppld erMatlgghifod deordipatior of Multipto Wnirdwbited A actical dsirarafta mifsaciutior 01503 t o

make a wi dget. Rather, supplier A 501 needs only know how his or her

acti ons Wihianpbd %?zid?lﬁrw%@ﬁisufrﬂéfnigﬁgél hergrod 25g, A%ﬁaﬁﬂﬁﬁﬂ&ﬂ%rﬁt afd the

present invention includes a nmethod and system for sharing the change in

now howErg g AESATE A FhRER. gepe B4 dednnird EL oREes, BB B pdfE &nda Ve,
This is inplenmented using a
JL. Brown. A Portable Lightweight Associate for Urban Helicopter Pilotage.
Submitted to IEEE (September 25, 1997); and (13) Geddes, N.D. “Associate Systems:
15 A framework for human-computer cooperation.” 7th International Conference of
Human-Computer Interaction. (San Francisco, California, August 24-29, 1997).
First, we discuss the one or more planners 302. Any conventional planner can
be used with the present invention; however, the preferred embodiment uses a real-
time, partial-order, least-commitment planner. Such a planner is able to effectively

20 manage real-time operation in a changing world by planning in an abstraction space.

In a SCM system, the current state of the system is constantly changing. For

19



measure of the cash val ue added or the estimated rel ative val ue added by a
participant. In one such enbodi nent, a cash val ue added (CVA) accounti ng
system i sweggohweer eby each partici pant conput es and sharesctiigogfobect s of
actions taken by is participants in the supply chain by sharing changes in
cash value. In one enbodi nent of the present invention, the plans and
situations shared by a set of distributed supply chain nanagenent systens

that co in_infer i t.er . res in t S by the
it er ondtuie: g DGR sfticiBas heBeE by B bt PR b0y at 1 g
conpani es. Wien a new or updated plan is 20 received froma coll aborating
party biheavadalbitity obldbobandipang qhangss. Ahwystappiay oobaplnsde digelewal of
.inference engine of the second party eval uates the plan provided by the 30
WO 01/ 98498 nRESMIQY hd(fehdibRity B8F bdeh @bnPAHhts IcohSerWed fes@ii¥eLxiFé NY

pl ans of the second party. The knhow edge base 306 contains specific

-know edge,. def.i ni n% how g)l(ans an pal s chan be in conflict. In.one

embodi mEREONS; REPIAVERIDE, B GoSY e PHAPME MG LmRREmsRt 2 SypHpicsRyipRment
described in Geddes, N.D., A nodel for intent interpretation for nultiple
agens s wihete prefdrenadss goal$, @ddntenibas areoaiMay s tisargieg. dbt et exbedintens bfr ed

pl ans, the conflicting parties are both notified about the detail ed nature

of the ' ' [ ' [ O LS.+ an

11 ust r S8 b G SR i sl B . el Bposcilf BBy
conmponents of the inference engine. Consider an intelligent decision
suppor t degasnpenition &£ ghe thusingsmahjectivesol [Thisodegomposyinmisyrepresentetdedsagenent
across | o several conpanies in a supply chain. The starting point for the

pl anni n@laﬁm{@%éa? Ig&égh EBG), M Riychc, iftetddentaph B keprBseng e hidra#the of

pl an-goal grap The posting of a goal triggers a planning cycle that

i nvol ves de 0si and .speci al.i zi ng. hi gh-|l evel goal.s into.l owlevel
nct | ome HOFSID CaAT B4, RBY FRER T e rmeinde A niSion SREBMEESA A B bos has
one or 15 nore child plans, sone of which can be executed directly and sone
t hat10nmughatbeanr ex usesl teebatistie eacipgeald Bruad, gemergloplass aredreputsepliedrby plad
specialized until the primtive steps are reached. Because the planner is a

| east  cqykl BEfe ﬂ}@_"tﬂﬁf areQRPMELARAL dirEctBd %gftgicgérhﬁlﬁﬁﬂr@{h&r SHiRdoREEI NG

deconposition iIs mted to only those aspe e plan’for which
comm t ment .cgnnot, be deferred, |f the system has bee o configur to
nt er acticwslgan §uwefqm%pt°n BFAYde HICREASHE vshsﬁsdaeﬁiﬁtn @wglowe Jexelly of &9
deconposed and specialized nay be proposed to the operator. 31

PGG. A partial order planning system using a plan and goal graph (PGG) is

described by N.D. Geddes and R.J. Lee in a paper entitled “Intelligent Control for
15 Automated Vehicles: A Decision Aiding Method for Coordination of Multiple
Uninhabited Tactical Aircraft” published June 1998.

Traditional SCM systems use a full-order planner. A planner determines a
sequence of activities that can be taken to achieve as many desired states or goals as
possible given available resources and domain constraints. A full order planner

20  determines the “optimal” sequence of activities to be taken. Because this process

requires searching all combinations of activities to determine the best combination, it

20



VWO U1/ 99008 PCT/ US01/19CS2 In addition to creating the deconposition of a
plan into its sub-el enents, the planner nanages the specific |life cycle

st at es of wapeiwosego- el ement of a plan. The life cycle stateper@spiesed in
FIG 6, provide the nechanism for managi ng the commtnent of the systemto
t he each of the plan sub-elenents. Each of the life cycle states of a 5
pl an sub-el enment has specific nonitoring know edge associated with it,

serving. ocu esS] of | i idi ng for
i evend BuleB kR AR BRIV it iR Sl RS ek PARERY, "B
pl an or goal, the dynam c planner maintains the paraneters of the plan or
goal andessohan gres“gmimalt sequensexd astivitigs|tarhs. taken. AEonexasmaplet ong Bweganner
.can dynami cal ly adjust plan paraneters that nediate its execution and
dynam c3alakiyalf?8&! R6AnRNS a 9086 icBhindiemet pldh@R tRit chePREBELHRohBMitidLE asThe
operation of the 'systembegins in the situation assessor 307. In the

si mpl est.. enbodi nent s, . t hi s, conponent nitor reads inputs to the
Syobem THfIE 25\ RGEP G UL WEHE SePisela Bhavh qhdbe SFECh sbar bSuBed data
to the knowl edge base 1s regarding the current state of the system For
exanpl e,intreasdieplanas@nspeedb ofiinoe rall, plahe asy abe mecesserily reonsidaseel; ‘aspdctgl
presses and nouse clicks to add facts or observations to the know edge base

306. It I I f : ] i '

ayst ems {0k Blsifer iy RG! GASHR ORI RGhAICK LA BIEIETRARE: LEBPER
20 FIG 7 shows a concept graph _according to one enbodinent, of the present
i nvent i ogealshowavena plon thalswatisGes domain ardresppRIcoBE IR oUH] ‘P‘hﬁu@k&mt i ons
of 32 WO 111 /99008 PCT/ US01/ 19652 possible interest in the know edge
base 306pigvidddantithetr@duiltigoslag e be kéaltugated agshdnpes efgrshown in FIG 7.
The concept graph specifies the relationshi ps between | ower |evel data and
hi gher | evel concepts. ..The situation assessor 307, cre . conc inAst ances
which repr esclit 0% BEPPAIGRL P arSoperverans Bn el i innPiae! aidEy on
its 5 data inputs. The concepts may represent highly aggregated and

abst nact plhonet arsl nrasagdsaity leveko§ comatitmentdd théectsvitied in ‘giwai’lan bgassingancept
is capable of having nonitors defined for it that can be activated by the

pl anner é@%’e %I%ﬁgi'gl%&' H;e?hﬁ% &eb iRk eﬁfeotzgﬂkgﬂgteewt;thg%l Suls BRI OVEDnE | ME.

For exanpl e, e concept gra ws relationship between
t he conce f Standard_ Shipnent 701 and the concepts qf 1o Preferred
shi pper _$odimens olibs pjar ke cusla Stalk FEASHIORs & SHoWRM FERIP S A4 IR nput
that can be defined by the system Instead of nonitoring all possible
i nput s atsubekendntenoeesbtitongintis life tyode statasefibm nareliditertowards the active

state, the partial order planner is increasing its commitment to that plan sub-element.
15  The partial order planner may also reduce its commitment by changing the plan sub-
element state to rejected state or revoked state and ultimately to a terminated state.
This mechanism provides a non-monotonic, graded level of commitment for each
plan sub-element.
In one embodiment of the present invention, state transitions of the plan sub-
20 elements are performed by the planner 302 in response to event signals received from

the situation assessor 307. When the planner 302 moves a plan sub-element to a new
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provi de a nmechanismfor identifying what data is actually needed. A nonitor
corresponding to the needed data is then activated so that the needed data
can be coW@et®dosgand used in the decision support process. pEpise@ery e, one
enbodi ment of the present invention includes nonitors for various warehouse
metrics including the percentage of warehouse use, the change in percentage
of warehouse use, the nunber of square feet used in the Warehouse etc.
Though e S not

cal cul a[ edcg%{étﬁgal%érs@xa&cor ngﬁoﬁe ug&sq&éa W&t{}é} %ﬁ?ﬁg&éﬁé Eygorﬁq’t ot §‘“ érh be
associated with nodes in a 33 V\D Ql/ 990 18 PCT/ USQ1/19CS2 concept graph
or a PCSfudfiga asyeisem3@an Ihene gotbodimentaointhel psseninianention, dhe andritareeded t o
.avoi d needl ess data collection and calculation. In this enbodi nent, the

si t uat i adpréehe dRoontidtofsPinddr SPhisk ra%@ﬁ%f)%m ss:@eldese %ﬁﬁ&ﬁ&ﬂo patterns
and i nstances by cormunl cating w th other supply c a| n s managemnent systems

al so co |n|n tuat on,,asses and a W edge base 306

conmmuni B}ﬁ e R ‘E@létél' 8? ];t%pf’ﬁaﬁl SAlES of ISIHH 1Q1, @S5859 g 3P caI
net wor ks, d| rect connectl on and wi de area networks such as the Internet.
V\heneverpeziodﬁea\ll)f avdluatss dodgetcifc mbaitkrsahhtdthye treneacG0fed,t drd movidas aon
assessor 307 processes any nonitors related to the new fact If a nonitor

|s found,Lg gxg%%gtos%ﬁé 3%%?%@ ﬁhs‘i‘éﬁe@&cﬂ %Bgﬁaﬁrx%ﬁﬂoxt %vﬁo@@ 292 t hat

causes the p pl anni n ever new |s a ded to
t he know edfge base 306 that represents the execution of a pr| mt| ve action
by the $aidsfied: he intent interpreter 303 processes the new assertion to

update a model of the current intent of the user. The intent 15 interpreter

uses a PGG mpial embodimedntioTttROproRAt Aivehtias méled@,omtexﬁrin@fprala@ 309¢e mhown in
FIG 8. FIG 8 shows a PGG nodel of user intentions. For exanple, the

514 Thabis praRinES, B8 SRRt R’ aﬁl%%géoésﬁﬁg;&%?ﬁﬁ”@gﬁ’r@owﬁ%n & o

Qper ati ons 801 can 20 be deconposed into two goal s: 1) Have Facili t| es
802 ®Wnd yse) iHhyimgRevecnomitd. Thesdategoiiterpeeter does thw msiniges teskemplygied i nt o
further plans and so on. A plan nmay 34 WO 01/ 99008 PCT/ USOL/ 19C52 al so

have a sglcbRibobiBb nWEWer@u@&s%ﬁlﬁﬁ'tﬁé %Si‘ffegﬂ'pl‘cfcﬁerdcﬁnaﬂﬁal In'B¢ be

fully deconp se Into o nore primtive actions Intent Interpreter

303 searc thro t.he system s PGG nodel s of us
hbodlment lthg Ele 1nvent¥on the 1"Snte:nct;\G interpreter uses zl1J pfan and goal graph (PGG)

for its knowledge that is the same as is used by planner 302. Additionally, intent
interpreter 303 uses knowledge represented as scripts. These scripts are sequences of
15  partially specified primitive actions whose execution may be dependent on the state of
the execution context. Other embodiments may use scripts that may include non-
primitive actions (e.g., recursive script calls or additional script calls). Scripts
represent standard procedures or business processes that are routinely used to perform
specific business processes described by plan sub-elements. Such standard business
20 procedures may include standard responses to both normal and abnormal events and

operating conditions within an enterprise. The intent interpreter 303 uses reasoning
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intention to determ ne the possible and likely intentions of the current
user. The s intent interpreter 303 then instantiates one or nore goals
based on wiweoiewossent perceived intentions of the user. |In ptfus®/iogsuser at
Conmpany A perforns a primtive step or action at the user interface by

pl acing a shipping request 914 ( 1 ) with a specific shipping conpany to
carry a load of parts to a particular destination. The intent interpreter
303 seary t f

know edgghgase ﬁ%tr &n@ﬁ?{%}%}?@géog@ behgtlggsag]ta %%gn%%ggsr%;% %%“.eﬁgk‘ggnt ract
wi th Conpany A. The intent interpreter 303 tentatively hypothesizes that

t he userbupgssPrasessss defingd Pi semnts rﬁre;swh@pemna&cforgé@ agiatln@ pUsing(2) for
.satisfying the goal to have a shipper 910 (3). The intent interpreter 303
then seaisdiasnd dhade Ibygtw oty etompaientd tofi thet Bstdeiowlgette WARSIRAKinl S

t hat explains the goal, and fords that there is an active plan for using

-standard_shi,ppers 9 ( ive rders of ar Henc the i nt ent
i nterpr g?@lw 1%8%’ ?ﬁﬂrseg ]f%ﬁ‘%@d t’ 39160’ tg? "a[ﬁﬁt bdg%ﬂ a%%’)mlﬂﬁ ﬁ]

know edge base 306. The posting of the new goal starts the planner 302 to
consisderlikefly fritenteofaa wserorkhie ittermined iatdant inthienwsep kanpddtethde nfomation such
as using a spot shipnent contract. 20 The intent interpreter 303 uses

non- non ' t he
enoul cdge i SisbASEAR 1, usBr b s Elerite e B tbre plaiR 17 SHRIEY e BitASigsY

01/ 99008 P /q501/19G52 in the PGG froma hypothe5|zed node to one known to
be acti vE0ay AMS¥ack up, retract its earlier assunptions and explore
other paths. In this enbodinent, the intent interpreter 303 al so sends and

recei ves copi ©ae @mbodafesnsf mea}iremﬂt ivensionnded A% iMBACHtAYrE@ ML RS | NY
wi th other supply chain s nmanagenent systens that contain an intent

interpre 03.,a e bhase nuni cati o Yic chi eved
by & bt oar TRl HEHS MRS e and St GRAGETR H Birk ERugh - ciEAEh " ang
w de area netvvor king such as the Internet. \Wenever a goal changes, or
when& er Operateri Intant dufsrencing fardatellbgertt Qparater Ssppera Systems3 pubbshed3uty t he

pl anner 302 determnes if any further planning needs to 1o take place. For

exanpl e, 1049.t el iRt tinfeRiretep rxﬁ&l%ﬂe§g3inbdbﬁtéff‘6pe§ét8§ laeﬂ@&;ﬁeahd aﬁhﬁl{ht he

pl anner 302 needs to create a pl an for achi evi ng that goal. In the
preferred e er 302 mm t ment .pl anner t hat
per f or ns %Pli}g g‘ﬁi Ve {Feﬁﬁ% é 85’?@%630{18“%&"8% ne

subgoal s and actl ons t hat need to be taken. t5 V\hen goal instances and pl an
i nst ancesf disangeent infadet yof | gpesdtat imtentheApl ztioaris 38kl tesbs “krplainedydf itrist he
know edge base 306 to determne if any of the newl y changed or updated goal

or plan i;patiae 1tﬁ gltgva%gg% dt@&b da¢r goal or plan instances. |f

a conflict 1Is tecte anne 02 sensanotlflcatlontothe user

interface. . . . .
15 The intent interpreter first tries to interpret the intent of an operator action

using script-based reasoning. This is equivalent to evaluating the user’s behavior in
the context of existing active standard business procedures of the organization. Each
active script in the current intent model is examined to determine if the action is an
expected step in the execution of the script. If the action matches an event in an open
20 segment of a script, the event is marked as completed and the operator action is

explained. All active scripts are searched, even if a match is found early on, since a
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In FIG 10, a user at Conpany A enters data defining the goal to deliver a
20 shipnent 1006 (1) of vinyl chloride to Conpany B in response to an
order. Theypbhpswiey 302 uses know edge in the know edge baspcB@8ot@ss2
determ ne that the material 36 WO 01/9901 18 PCT/ US111/ 19652 to be shi pped
is a designated hazardous material, and considers the hazardous shipnent
plan 1007 (2). This plan has three subgoals, the fi rst of which is to have
approval 10Q9 to,ship the material  over a specif.ic t he.
Cbgoa PCer AR Ry FisHE D o, DA e SRS SGHEE( NERSH e SEBERERE i s 1o
have the freight | oaded 1011. s The planner 302 uses know edge in the

know edgesdies eu) Gt evaldetes the nermihation bendstiomsel eadhosdript rtotdebemamosfen unt i |
after the approval is obtained, so reasoni ng about the shipper is deferred
unti | isfied and the

pl anneraéeéﬁggr%%tggﬁéﬂpﬁ%rg Oggécﬁlr?ﬂg?wt he s hlbgélré)%ogeﬁ% The pl anner 302
.determ nes that a spot contract 1012 (3) will_ be pore effectiye than a | ong
term 1o cont Halbe aghen py Bpbpredicted §y§b¢ a@ti\@nscnpé?adhﬁgtheosymm &ies(RD- One
optim zation that is nmade in the present enbodinent is the use of script

per for NBised 2asonthgatoPefplaigitha ractl e erm¥Bdtya pladntd satisfycad®thy cafieatnt er ed
and constl tute a body of accept ed net hods known to practitioners within the

cpoci f1 805 8 B ARRHiPes 1F i B ER R, B Attt Reb AT nchERpRS e Rt oY

extensive planning. The script perfornmer 305 is a conponent of the present
enbodi miworpdrates daviain knowkdghand knowlddga of thepessihle plansesd goalsigittke ar e
represented in the systems PGGs that are a part of the know edge base 306.

The scri, {-ﬁ rafi’ | @féﬁ £30sd V%Pélﬂﬁﬂﬁﬁg) e&édeeﬁegé}hm@ bf e pﬁlmaﬂai mtive

actions at _cou e pe orrre user,” but the scri

performer 305 s I|mted a .set_of rm ssions ptovided t he human

oper at ogoakgrap @bthmgwgg%@mm/wﬁ%g@sﬁﬁe Sagpai?@?{ﬁ‘l‘ qﬁ%‘ﬁﬁoéi\émgt he
goal of having approval to ship a | oad of hazardous mat erl al, and its child
pl anoof behavibi fthe eed. NYhd velatigashipsedso ddfimhhomysctips| andeopesdtoroamions st at e
and | ocal authorities, the shipper, and the receiver. Because the process
Of oot ! ol Dataldieed MOIGPIPA LGS [ CorhRld aleblatd AN thel FEAMBRLY o
recurring s sequence 0 e act an be represen
script. The representation of the goal |ts child plan, the script, and the
rel ati ofgavige Bevaeerrochantion fheaprntadt én whighshe agdompecredar t of t he

know edge base 306. \Wen a specific instance of the goal of having approval
to ship hazarp®usplain an operator action through plans, the system backward chains

through its knowledge base to determine if the action was predicted by any of the
15  current plans and goals of the operator. This may require inferring intermediate plans
and goals in order to connect the action to a higher level plan or goal that is already
active. These new plans and goals will be invoked and incorporated into the current
model of the operator’s intent. The intent interpreter 303 uses non-monotonic
reasoning to update the model of the user’s current intentions. As mentioned earlier,
20 a side effect of inferring a new plan or goal may require revoking other plans and

goals that are found to be inconsistent with the newly added plans and goals. Scripts
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material is created, such as the goal for having approval to ship 50

kil ogranms of plutoniumfrom|daho National Laboratory to Los Al anpbs during
the week ®fodusmo3, the planner 302 can create the instangerQisoi/fesp! an to
notify specific organizations of the shipnment. If the script perfornmer 305
has been given perm ssion, it can execute the script and automatically send
the shipping notifications to the necessary involved parties. 15 The
conmponent s.described aboye provi de.a mechani smfor ass i t he current

Sit uat | DAY BF FEAR1ET O TEVREATY the aMteTong i nV Rlsa oF Tl A SR Rocut i ng
t he course of action. The information manager 304 is used to display

i nf or matmable t® explagetheoppergoripdation teftbenbye scptdicsgilans, haisepbtentiallyearc ur r ent
intentions or plans that have been identified by the planner 302 and the

intent } rgtri&m@%rgg%é@gepg the know edge 20 base 306, the script
perfornmer 305, and the situation assessor 307. 38 WO 01/99U08

PCT/ US01/ 1 9C; S2 For exanpl e, .the know edge base 306_contains .a .
r epr esent at | GRE ILTBIStert Y3 vist NYInA NRCASSALY HAMPNEEEPT RSUPESTE dRVEMIOBE cess | f
he was involved in a plan to ship a |oad of hazardous material. One type of

i nf o5 mahb@sverg | thy ajiiteritoimerpraaer G03t bas fronident gitfeclnithe fove dlil@ihgcamdi ti ons
bet ween the source and the destination of the 5 shipnent. Wen an instance

P e R A

knowl edge base 306 to determine that the weather between |Idaho and Los
Al anps dnalyrggr meodiBang,ofimubating, | andetesting thé businesseprocesses raadhiherdata The
i nformati on manager 304 then conmands the display presentations to show the

1o weat hgjred B £FSEM FHRemOONE RenHlithest of 1Y 'Epé%cﬁﬂﬁv&ﬁﬁ% #eMides a partial

Illustrative enbodi nents of the present invention have now been“descri bed.
It will be appreciated, that these exanples. are ely illustrative of the
present Wﬁi@éﬁ@%ﬁwlmﬂﬁ?@tlp@ﬁ@e%%% i %%a‘tg%ﬂgeww gﬁbgs BaRYAL to
those of ordinary skill in the art. is 39 WO 111 /99008 CLAI M5 The

i nvet i efficibnttyrperformn s@ply bdddembhACpEhning i sB3EM systdmi n managenment system

conpri si ng:

Script performer 305 can be used to execute multiple parallel situated scripts
that are stored in knowledge base 306. As discussed above, these scripts are
sequences of partially specified primitive actions whose execution is context
sensitive. This component is a valuable tool in increasing the efficiency of the system

15  to support real-time performance. The scripts can be thought of as a knowledge
representation optimized for business procedure execution; just as software
executables can be viewed as optimized representations of source code.

The information manager 304 component of this embodiment of the present
invention provides automatic information management features for the user interface

20  and for collaboration with other participants in the supply chain management system.

The information manager 304 uses knowledge stored in knowledge base 306
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a know edge base including expert know edge about one or nore business s
process donains; an inference engi ne coupled to the know edge base, the

i nf erencewah@i/fdged ncl uding a partial order planner; a managefplhHYHt em
that collects and distributes data regardi ng one or nore business processes
and determ nes one or nore goals; and 1o a graphical user interface system
that displays information regarding the one or nore business processes;

R g TN L R o e S
of claim1, wherein the know edge base includes one or nore plan-goal

gr aphs. véhat Tnforeptiee shotlddeadispieyedite thd nsertradichevddediye otherearticipantes one
.or nore concept graphs. 20 40 WO 01/99t1(18 PCT/ USUL/ 19C52 4. The system

of cl ai Nnform¥ih ¢leBddd'By ia'?;s@ﬂé Ci e%ﬁﬁﬂ%%s%?’%@&s% al8SntehtidNY chaRpé N This

Bh
instances. 5. The systemo , Wherein at |east one of the one or

.nore concept .5 graggﬁ i ncl udes a pon-nonot oni,c, nodel of econom c benefit
pr ovi deE™BYPHMEN, PL NP HIPIHIE SBVEREOR BSHp TREe i P*é’ﬁ%‘éleeﬁt?i orrgatiophe

system of claim4, wherein the inference engine manages |ife cycle states
of the omeded baedenphakuirest anselsdgebavedi ng to a comm tment | evel of the
partial to order planner. 7. The system of claim®6, wherein the inference

engi ne manage i i Ltuat i oF L.Ng . C ept
araphs accor PR DB BL el Brabid el St AoRREIG ol "0
instances. 15 8. The systemof claim7, wherein_the inference englilne
det er ni n¥milghde thairdesembyst brag artinle by Ba¥d&etdy N-Pe Grsldes. andde §brNesteinner
based on the nmonitoring of the situation. 41 WO 01 /99008 PCTI USO1
/' 19C>52 entitled “Information Management with a Hierarchical Display Generator.” This

article describes an implementation of a system that selects and tailors the format of

10 displayed information to the tasks being performed by a user.

Finally, knowledge base 306 stores all knowledge used in the system to
conduct reasoning including plans, scripts, assertions, relationships, frames, etc. The
knowledge consists of knowledge patterns and knowledge instances. Situation
assessor 307 maintains the consistency of the knowledge instances within the

15  knowledge base 306 by identifying and resolving any inconsistent or outdated beliefs.
In one embodiment of the present invention, the situation assessor uses a concept
graph to update data values and beliefs. A concept graph is a knowledge
representation of the dependencies between observable data values and higher-level
computations and assertions made about the data.

20 In one embodiment of the present invention, the concept graph includes one or

more means for calculating the degree of belief that the situation assessor 307 has in
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9. The systemof claim1, wherein the know edge base includes one or nore
scripts, each of the one or nore scripts conprising a sequence of fully or
parti al | ynwsp&gdohidsed actions. 5 10. The systemof claim1l, phgysiimosdre

i nference engine includes an intent interpreter. I1. The systemof claiml,
wherein the inference engine includes a non nonotonic truth nai ntenance
system to 12. The systemof claim 1, wherein the know edge base includes

t abl f data, h tabl i .d . ds..13. Th
syst om e R a6 chfoent, Syl i SOl AR GRS AU SRS E P vAn: 1o
protects data stored in the know edge base. 14. The system of claim 13,

wher ei nWheea tHasduatsmuassesson8@h agdesvasmeiindataneonsaptadbasiependion shatidast f or
.one or nore tables in the know edge base. 20 15. The system of claim 14,

wher ei N d‘Qﬁ:H%ﬁetﬁHfrgericWﬁB@@%rﬂlm&ﬁda@éd?sAé% REALSFHRAMIARY Helief for
one or noré data records I n the know edge base. 42 WO 01 /99008

PCT/USI 11 /19652, 16, The syst of claiml], erein the partial. order
pl anner"?]‘lgesat & sEpatioATIeRtR 34y gﬁﬁe‘fe.&u‘ée E"’ib\éﬂeéﬂ ASERERHt BOWEiREifAY supply

chai n managenent, the nethod conprising: determining a goal for a supply

chai ni pashinsdrodoric tautidd maditeganke Kooihesitgatidingsedsor 80Rat e a plan for neeting
the determ ned goal. 10 18. The nethod of claim 17, wherein the act of

mecting the 550 3 &gl of o ol dfChlcobaRg e, PAF iERhmeR B IhE" o

of claim 18, wherein the partial order planner is a |least 15 comm tnent
pl anner prezent Myentiast. hbdthis erobediment, theseprdy ehainemanagestent systemiihmage a goal
for a supply chain participant is performed using a non-nonotonic truth
Mei nt enyPCEf e SHpphP oftdin pMcHahBIQRBticipant A 403, participant B 404, and
participant C 405. Each of the participants is connected to the Internet 401 using a
10 conventional network connection. Though the SCM system herein described has
security features to prevent the unauthorized access of data, participants will likely
wish to use a firewall 402 to provide further protection of sensitive corporate data.
For example, firewall 402 is used to protect participant C 405.
In this embodiment of the present invention, access permissions are kept for
15 each table of data stored in an access control list (ACL) that is resident within a
participant’s system. For example, one table stored in the present invention maintains
a record for each customer order. The number of orders is relevant in determining

and forecasting the demand for products used in the supply chain; however, order data

may be sensitive, especially if one of the participants in the supply chain is a

20 competitor.
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PCT/USQ / 19G52 21. The nethod of claim 17, wherein the know edge base

i ncl udes one or nore plan-goal graphs. 22. The nethod of claim 17, wherein
t he know edgei/dvege | ncl udes one or s nore concept graphs. B3r/ubosishe v

chai n managenent systemconprising: a plurality of intelligent agents, each
of the plurality of intelligent agents including: to a know edge base

i ncl udi ng expert know edge about one or nore business process donains; an

i nference engj ne . ; j .ence . i n

ncl uding o peerabRr SRrigpie A0S BRAS BRTEahCA AL BENFRIALNE ot
and distributes data regarding 15 one or nore business processes; and a

gr aphi calispige(LCR) panels do bgsisethin ﬂ?atsodﬁilsfbgﬂ@lsasﬁﬁfa@ﬁﬁ’@zgﬁ)- rRagtieiganigCt he one
.or nore business processes. 24. The supply chai n managenment system of claim

23, whergidnahgrakhRow ?él‘é@n:ﬁ%igﬁeﬂ%ﬁi@ﬁhm&ﬂ? 9 thidiRi1aBiBACHRticPRAPOS . 44
W O 01199008 PCT/ USUL/ 19652 25. ' The supply chai n managenent sysStem of

.claim 24, .wherei n each agent pof .the plurality. of intelligent nts
Geter i 895" VRuS i SRR 43 358 Gaatedrordes oforiatiohamib ipeieariot e 305 Ghzem
managenent system of a first agent of the plurality of intelligent agents

shar és datflaniéd basis aadovide agesa dfowever,pthartalo participantst éb lhagernt defpexit s 5
representing the determned intentions of the one or nore users to

facilit . i . ' t ; | ai m
25, whor STACRAPSPAFEHP fho ShecilOBraNBRLY R, Rr RORORIRI pTYSLERER:
conflicts between the one or, nore users. 10 45 i

. AYL. AY"405nmiended fopwse bynparticinant Aj403arnd the specific production plans for PDAs

LA A Y. AF{ .A Y. A Y. A3 E AFLY. ALE. A'| . AYLI .AF{" | . A"l .A3"| .A'E. A E A {sY.

ASE. A Ll ud ﬂfﬁ#‘se"LC’D@\'bé PirtilipanA 203\ If the two participants agree to share their
LE. AL. A3{"Y.AN' . A'E. A" E. Al " Y. AFLI . AL. AN XY[\nt(), /0" g~#@upkfa\Wca] ca]ca]c

ral ol sl hedt 584 Rpgphiabighihe Ten! Galra) SRRl:ioh S8 hah aRd oo o
mX| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] t@] csfjectfja ajfohatadc adletxlica] thape plddg/is talipgated aBarticipantzh | 4Bajvithirca] ca) ¢
aJ cal calca]ca]ca]lca]ca]ca]ca]ca]ca]calcalcalcalca]calcalcalcalcalcalcalcalc

a] ca] ca] pakiciiaP CTH Nistem ACL and vi . Thi it icipant syst
Al }xgni ld?fﬁs] cal ca Sc%r]nca] caeincaYlggf'ggfca] clsa]pggﬂucsa acca %a I%lgf%aﬁygaeﬁa] cajc

a] ca] ca] ca) cal.ca] cal cal ca] cal.cal,calcalcal ! C'"" <####855S, YGROA&LLE, ' | """ E(
((J)h))* fﬁ*L?‘i%ﬁie%gﬁzﬁfké]ll‘%{?%&iahé{]%é@aY%]o engesap ?éaqcegq Bl%%g"ﬁ]lé’é] ca] ca
]ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]calca! **G+++ ,n,,-e---HMP.Zi..
plans or situations they have agreed to share. Neither participant is ever granted
access to the other’s data through the firewall 402.
15 Using this embodiment of the present invention, supply chain participants can
determine their level of participation in the system by choosing the extent to which
they wish to share specific business objectives and plans with other specific
participants. The more information that is shared, the more valuable the system

becomes; however, participants still see some utility even if very little detail is shared

20  between participants.
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caused by other participant’s actions. Each participant needs only to know how his or

10 her actions will affect the other participant’s value. This is implemented using a
measure of the cash valﬁe added or the estimated relative value added by a
participant.

In one such embodiment, a cash value added (CVA) accounting system is used
whereby each participant computes and shares the effects of actions taken by

15 participants in the supply chain by sharing changes in cash value.

In one embodiment of the present invention, the plans and situations shared by
a set of distributed supply chain management systems that contain inference engines
after the present invention are used by the inference engines to detect conflicts in
planning between the collaborating companies. When a new or updated plan is

20  received from a collaborating party by a second collaborating party, the supply chain

management inference engine of the second party evaluates the plan provided by the
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5 (1994). When conflicts are detected with shared plans, the conflicting parties are both
notified about the detailed nature of the conflict using the information manager 304.

The following is an illustrative embodiment showing the interactions between
the various components of the inference engine. Consider an intelligent decision
support system to assist a human in collaborative supply chain management across

10  several companies in a supply chain.

The starting point for the planning cycle is the posting of a high-level goal
instance from a plan-goal graph (PGG). The posting of a goal triggers a planning
cycle that involves decomposing and specializing high-level goals into low-level
actions that can be executed to achieve that goal. Each goal in the PGG has one or

15 more child plans, some of which can be executed directly and some that must be
recursively decomposed into sub-goals and sub-plans and specialized until the
primitive steps are reached. Because the planner is a least commitment planner,
commitment to a specialization created during decomposition is limited to only those
aspects of the plan for which commitment cannot be deferred. If the system has been

20 configured to interact closely with a human, candidate plans that are successfully

decomposed and specialized may be proposed to the operator.
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Throughout the life cycle of a PGG plan or goal, the dynamic planner

maintains the parameters of the plan or goal and monitors for its success or failure.
10 As a result, the planner can dynamically adjust plan parameters that mediate its
execution and dynamically reselect and specialize children of a node as required.

The operation of the system begins in the situation assessor 307. In the
simplest embodiments, this component monitors and reads inputs to the system. The
situation assessor 307 uses the inputs it receives to add data to the knowledge base

15 regarding the current state of the system. For example, in the present embodiment,
the system monitors a user’s key presses and mouse clicks to add facts or
observations to the knowledge base 306. It may also collect data from factory data
systems and financial systems to update the situation of importance to supply chain
management.

20 FIG. 7 shows a concept graph according to one embodiment of the present

invention. The situation assessor 307 stores knowledge about the situations of
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and goals change over time. For example, in FIG. 7, the concept graph shows the
relationship between the concept of Standard Shipment 701 and the concepts of
10 Preferred Shipper 702, Order Ready 703, and Customer 715.

A monitor is a data input that can be defined by the system. Instead of
monitoring all possible inputs at one time, embodiments of the present invention
provide a mechanism for identifying what data is actually needed. A monitor
corresponding to the needed data is then activated so that the needed data can be

15 collected and used in the decision support process.

For example, one embodiment of the present invention includes monitors for
various warehouse metrics including. the percentage of warehouse use, the change in
percentage of warehouse use, the number of square feet used in the warehouse, etc.
Though the system may have access to all of this data, the data is not calculated

20  unless a corresponding monitor is active. Monitors can be associated with nodes in a
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networks, direct connection and wide area networks such as the Internet.

Whenever a new fact is added to the knowledge base 306, the situation

assessor 307 processes any monitors related to the new fact. If a monitor is found to
10  be satisfied, an event is generated to the planner 302 that causes the planner to update
its planning.

Whenever a new fact is added to the knowledge base 306 that represents the
execution of a primitive action by the user, the intent interpreter 303 processes the
new assertion to update a model of the current intent of the user. The intent

15 interpreter uses a PGG model of user intentions such as the portion of the one shown
in FIG. 8.

FIG. 8 shows a PGG model of user intentions. For example, the top-level
plans include Company A Operations 801 and Company B Operations 8§14. These
plans can be decomposed into goals. For example, Company A Operations 801 can

20 be decomposed into two goals: (1) Have Facilities 802 and (2) Have Revenue 803.

These goals can, in turn, be decomposed into further plans and so on. A plan may
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The intent interpreter 303 searches through the system’s PGG models of user
intention to determine the possible and likely intentions of the current user. The

5 intent interpreter 303 then instantiates one or more goals based on the current

perceived intentions of the user.

In FIG. 9, a user at Company A performs a primitive step or action at the user
interface by placing a shipping request 914 (1) with a specific shipping company to
carry a load of parts to a particular destination. The intent interpreter 303 searches for

10 an explanation of this action, and finds in the knowledge base that the shipping
company has a long term shipping contract with Company A. The intent interpreter
303 tentatively hypothesizes that the user plans to use a long term shipping contract
903 as the plan (2) for satisfying the goal to have a shipper 910 (3). The intent
interpreter 303 then searches for a higher level plan within the knowledge base 306
15 that explains the goal, and finds that there is an active plan for using standard shippers
908 (4) to deliver orders of the parts. Hence, the intent interpreter 303 instantiates the
plan (2) and the goal (3) within the knowledge base 306. The posting of the new goal

starts the planner 302 to consider if there are more effective alternative plans for the

goal, such as using a spot shipment contract.

20 The intent interpreter 303 uses non-monotonic reasoning in its search through

the PGG knowledge in the knowledge base 306. If it is unable to find a complete path
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plan and goal patterns and instances by communicating with other supply chain

5  management systems that contain an intent interpreter 303 and a knowledge base 306.

The communication may be achieved by a plurality of methods, including local
network, direct connection, and wide area networking such as the Internet.

Whenever a goal changes, or whenever a monitor event is received from the

situation assessor 307, the planner 302 determines if any further planning needs to

10 take place. For example, if the intent interpreter 303 instantiates a new goal, then the
planner 302 needs to create a plan for achieving that goal. In the preferred
embodiment, the planner 302 is a least commitment planner that performs a search of
the PGGs stored in knowledge base 306 to determine subgoals and actions that need
to be taken.

15 When goal instances and plan instances change life cycle state, the planner 302
uses knowledge in the knowledge base 306 to determine if any of the newly changed
or updated goal or plan instances are in conflict with any other goal or plan instances.
If a conflict is detected, the planner 302 sends a notification to the user interface.

In FIG. 10, a user at Company A enters data defining the goal to deliver a

20  shipment 1006 (1) of vinyl chloride to Company B in response to an order. The

planner 302 uses knowledge in the knowledge base 306 to determine that the material
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a shipper identified 1010, and the final subgoal is to have the freight loaded 1011.
5  The planner 302 uses knowledge in the knowledge base 306 to determine that the
shipper should not be chosen until after the approval is obtained, so reasoning about
the shipper is deferred until later. Once approval is obtained, a monitor is satisfied
and the planner 302 can resume the solution of the shipper goal. The planner 302
determines that a spot contract 1012 (3) will be more effective than a long term
10  contract and proposes this solution, leading to action (4).

One optimization that is made in the present embodiment is the use of script
performer 305. In a particular domain, many plans are commonly encountered and
constitute a body of accepted methods known to practitioners within the domain.
These plans can be implemented as scripts that represent partially specified

15  procedures that can be executed without the need for extensive planning. The script
performer 305 is a component of the present embodiment that facilitates the execution
of scripts. These scripts are represented in the system’s PGGs that are a part of the
knowledge base 306. The script performer 305 can perform many and possibly all of

the primitive actions that could be performed by a human user, but the script

20  performer 305 is limited by a set of permissions provided by the human operator.
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20

include national, state and local authorities, the shipper, and the receiver. Because the
process of notifying the involved parties is a well-defined and frequently recurring
sequence of primitive actions, it can be represented as a script. The representation of
the goal, its child plan, the script, and the relationship between the pian and the script
are all a part of the knowledge base 306.

When a specific instance of the goal of having approval to ship hazardous
material is created, such as the goal for having approval to ship 50 kilograms of
plutonium from Idaho National Laboratory to Los Alamos during the week of June
23, the planner 302 can create the instance of the plan to notify specific organizations
of the shipment. If the script performer 305 has been given permission, it can execute
the script and automatically send the shipping notifications to the necessary involved
parties.

The components described above provide a mechanism for assessing the
current situation or state of system, planning one or more responses and executing the
course of action. The information manager 304 is used to display information to a
user or to update the user’s display based on the current intentions or plans that have
been identified by the planner 302 and the intent interpreter 303 using the knowledge

base 306, the script performer 305, and the situation assessor 307.
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5 shipment. When an instance of such a plan is created, such as shipping plutonium
from Idaho to Los Alamos, the information manager 304 uses the attributes of the
plan and the knowledge base 306 to determine that the weather between Idaho and
Los Alamos during the week of the shipment is of interest to the human. The
information manager 304 then commands the display presentations to show the

10 weather forecast map for the correct region and time period.
Illustrative embodiments of the present invention have now been described. It
will be appreciated that these examples are merely illustrative of the present

invention. Many variations and modifications will be apparent to those of ordinary

skill in the art.
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5  process domains;
an inference engine coupled to the knowledge base, the inference engine
including a partial order planner;
a management system that collects and distributes data regarding one or more
business processes and determines one or more goals; and
10 a graphical user interface system that displays information regarding the one
or more business processes;

wherein the inference engine uses the partial order planner to determine a plan

for achieving at least one of the one or more goals.

15 2. The system of claim 1, wherein the knowledge base includes one or more

plan-goal graphs.

3. The system of claim 1, wherein the knowledge base includes one or more
concept graphs.
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5. The system of claim 3, wherein at least one of the one or more concept
5  graphs includes a non-monotonic model of economic benefit provided by the plan

instances created by the inference engine.

6. The system of claim 4, wherein the inference engine manages life cycle
states of the one or more plan instances according to a commitment level of the partial

10  order planner.

7. The system of claim 6, wherein the inference engine manages monitoring

of the situation using the one or more concept graphs according to the life cycle states
of the one or more plan instances.

15

8. The system of claim 7, wherein the inference engine determines what

further processing is needed by the partial order planner based on the monitoring of

the situation.
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5 10. The system of claim 1, wherein the inference engine includes an intent

interpreter.

11. The system of claim 1, wherein the inference engine includes a non-
monotonic truth maintenance system.

10

12. The system of claim 1, wherein the knowledge base includes tables of

data, each table storing zero or more data records.

13. The system of claim 12, further comprising a data security mechanism that

15  protects data stored in the knowledge base.

14. The system of claim 13, wherein the data security mechanism maintains

an access control list for one or more tables in the knowledge base.

20 15. The system of claim 14, wherein the data security mechanism maintains

an access control list for one or more data records in the knowledge base.
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5 17. A method for conducting supply chain management, the method
comprising:
determining a goal for a supply chain participant; and

using a knowledge base to create a plan for meeting the determined goal.

10 18. The method of claim 17, wherein the act of determining a goal for a

supply chain participant and creating a plan for meeting the goal is performed using a

partial order planner.

19. The method of claim 18, wherein the partial order planner is a least

15 commitment planner.

20. The method of claim 17, wherein the act of determining a goal for a

supply chain participant is performed using a non-monotonic truth maintenance

system.
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5  more concept graphs.

23. A supply chain management system comprising:
a plurality of intelligent agents, each of the plurality of intelligent agents
including:
10 a knowledge base including expert knowledge about one or more
business process domains;
an inference engine coupled to the knowledge base, the inference
engine including a partial order planner;
a data management system that collects and distributes data regarding
15 one or more business processes; and
a graphical user interface system that displays information regarding

the one or more business processes.

24. The supply chain management system of claim 23, wherein the knowledge

20  base includes one or more concept graphs.
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collaboration.

26. The supply chain management system of claim 25, wherein the system
uses the shared data to automatically detect conflicts between the one or more users.

10

45



