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speci fyi ng, applying, and managi ng the sane. 2.
Description of Related Art Various schenes have been
devel oped for externalizin I nferenci ng data. U.S.
Pat ent No. 5, 1B38CESROPYD FddEE INVENTIHON " System f or
Automatically and Transparently Mapping Rules and
objects froma Stable Storage Dat abase Managenent
1. SysicddmiWelhiFied.d-or ward Chai ni ng or Backward Chai ni ng
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I NVENTI ON According to an aspect of the invention,
there is provided a nethod for managing a plurality

OfDeesxcztreirpq:a:i!olnz aobg q?elated Art
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Various schemes have been developed for externalizing
inferencing data. U.S. Patent No. 5,136,523 by Landers,
entitled “System for Automatically and Transparentlnyapping
Rules ahd Objects from a Stable Storage Database Management
System Within a Forward Chaining or Backward Chaining
Inference Cycle,” describes object and rule data being stored
persistently in a database. 1In U.S. Patent No. 5,446,885 by
Moore et al., entitled “Event Driven Management Information
System With Rule-Based Applications Structure Stored in a
Relational Database”, again inferencing information is stored

persistently. However, the prior art does not disclose the

use of externizable inferencing components.



i nferenci ng conponents. The nethod incl udes
identifying inferencing aspects for a program and

wo ben/opsovi di ng the identified inferencing aspenus208%041156
i nferenci ng conponents. Externalized algorithnms and

data (which may r r.Si ) can be
associated\Mtl§¢ﬁk§%ﬁﬁ§$éﬁ@?ﬁéhﬁ%gﬂ%%¥ents. The
identified inferencing aspects can include trigger
pdiGHcsdigibrito tagt MFRRAs,OF e et dy, Fhe? ehe
engi nes, static variable mappings, sensors,

provefdest teomss t Hash f ae mafaating @ andicwhidiwstbrextarralizable
i nferenci ng conponents can include trigger point

inf eprEmuomenteymsiertt ¢ er fifecte o onertwies | identehteing
rul e set conponents, inference engi ne conponents,
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conmponents, a long term fact conponents, and
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be a consumer of data provided by an inferencing
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i nferenci ng conponent, or both. The method can further
perdittdide 1assaai ad s Hclaasd wieh tHd ggefeRMding

i nferenci ng conponent wth at | east one application.
compbr<ddqy. poi nts may operate either synchronously or

asynchronously. -2 WD 2004/059511 PCT/ US2002/ 041156

Thed nfREanc NGy coiona sy tBsd i BI@NCGE Pyger
conmponents that enploy at least one other inferencing
‘points, short term facts, inference rules, inference ‘engines,
static variable mappings, sensors, effectors, long term facts,

and conclusions. The inferencing components can include
trigger point components, short term fact components,
inference rule set components, inference engine components,
static mapping components, sensor components, effector
components, a long term fact components, and conclusion
components.

The inferencing components may be a consumer of data
provided by an inferencing component, a supplier of data
provided by an inferencing component, or both.

The method can further include associating at least one
trigger point inferencing componént with at least one

application. Trigger points may operate either synchronously

or asynchronously.



conmponent. | nferencing conponents may use an
i nferencing engine. Further, inferencing conponents

W@ a0v4o8950r gani zed into at | east one inferenciPQI/US2002/041156
subconponent. | nferencing conponents nay al so be

red ref erence mnth t | east. one other
e R e e ot o, R S A b TR
|nferen0|n co onents be an array, a collection,
compeneds i e rHt Jre a5t ql?estOtl'éelbai‘rrfﬁeflfW B9 set,
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identifier, an intention, a nane, a |location,
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classification, a reference, a description, a firing
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parameter, an inplenmentor, a ready flag, free form
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perform i nferencing conponent creation, inferencing
infegmmpomentcamatariesvial , i nferencing conponent updat e,
and i nferenci ng conponent deletion. Further, the
al e icdyen it e Starees Byl at deastfemmcing ecempdments
conmponents. The algorithm may be an execute trigger
can [ rn almayit kmcolkletatripata e goraldlen an jOieraada, a
algorithm a filter data algorithm a translate data
listal gordddumtidmrcheosethy a MR/ 15511l vector, and a
PCT/ US2002/ 041156 cl assification algorithm a choose
compiandady wegardft hm a

The inferencing components can include an unigue
identifier, an intention, a name, a location, a folder, a
start time, an end time, a priority, a classification, a
reference, a description, a firing location, a firing
parameter, an initialization parameter, an implementor, a
ready flag, free form data, and a combination thereof.

The algorithms may perform inferencing component
creation, inferencing component retrieval, inferencing
component update, and inferencing component deletion.
Further, the algorithms may be shared by at least two
inferencing components.

The algorithm may be an execute trigger point algorithm,
return data algorithm, a join data algorithm, a filter data

algorithm, a translate data algorithm, a choose by



choose round robin algorithm an inference engine
pre-processor, an inference engi ne post-processor, an

w0 pfoegasce engi ne | auncher, a receive data al geeT/ukaop2/ed1156
send data algorithm a store data algorithm a fetch

clas%%}a %I,_gorlthm and a cog;ol nation:th rlgg]ﬁoﬁle o

t wo |nferenC|ng subconponents that forma new
chogser gARG APLighBLIPT THE ¢ G JH RS e GHEL RS t her
statically or dynamcally (or a conbination thereof).
pre-pF IRt ated drdRLaTFe TNy iaRet WIRESHRPTY arth
del eting inferencing conponents, an inference

inf epsmsen &I inmAiRySRIRT f acilgasi imdaie engayiddm, a send
According to another aspect of the invention, a system
datef grlgmmsvibdi ng tﬁ;smmghuao@lcgqrsltﬁmmaje%etcrmei%%t em
includes an identification conmponent and an
algaexittdrmalairgatd aromsimedrient .thepefidenti fi cati on
conmponent is configured to identify at |[|east one
pdilre ioff exaricalbid idompertdiitrs amyvapp icatpagedrofram Lleast
and the externalization conmponent is configured for
two prddmimgndg erbatenddrfdrad athdteadirmore mpof ninftdrencing
variability with externalized business |ogic. The
entiext ermal icetduisd ies odagie eiltisdidasataincd Ifyerenci ng
conmponent. The inferencing conponent can include an
dynaextcerna} i zad 2l god idua it tadeoflhe system may al so
i ncl ude an execution conponent for executing the

exteermnaliiizaddl gofddiimglsing wiletiaas! @t id)0 and
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deleting inferencing components, an inference component
management facility may be employed.

According to another aspect of the invention, a system
for providing business logic is provided. The system includes
an identification component and an externalization component.
The identification component ig configured to identify at
least one point of variability within an application program,
and the externalization component is configured for providing
the identified at least one point of variability with
externalized business logic. The externalized business logic
includes an inferencing component. The inferencing component
can include an externalized algorithm and data.

The system may also include an execution component for

executing the externalized algorithm using at least one



virtual machine (e.g., JAVA Virtual WMachine (JVM).
These and ot her aspects, features and advant ages of
wo b@4/0prsesent i nvention will becone apparent fPrPONUSINe2/041156
follow ng detailed description of preferred
. enbodinents, which is to he read in connection wth
virtupd FeSSipEnyiend dr alVify Y 1 isRieEr MaeteReTIONUoF THE
DRAWNGS FIG 1 is a block diagram of a conputer
proesssiang SEhieamesIFT D R tafe b ShREnRASH iYn the
may be applied, according to an illustrative ,
Pres@ffodinvismt idremddfl aagme gepagrasitodicdt ddrarfol lowing
illustrating exanple applications with trigger points
detaitligd deasgrdinftaramcyd reRrsrast @mbmiiawﬁ?sﬂ,awg@c\mﬂrﬁ do be
preferred enbodi nent of the present invention; FIG 3
read dna deinoesc tdicag el |Hhes tacstdmgpriyifng ebwsevingmponent s
architecture, in accordance with a preferred
enbodi nent of the present invention; FIG 4 is a block
diagramillustrating exanple inference conponents
I nteracti OBRIEFNDRSCRIHANON OFtMHE DRAWENGEd
enbodi ment of the present invention;, FIG 5 is a block
digagy.am iild ustyiddingi ey of nif i@t er Yo ESsing system
conponents interactions, in accordance with a
100 REherired wedidmie ofnddif iRiesent BVl dy, RlézoRiing
is a block diagramillustrating exanpl e i nference

ti16, JEBPRI NG GOIRONENLS: iddFfaoti ons, in accordance
to %&?% a -5 ﬁD 2004/ 059511 PCT/ US2002/ 041156

FIG. 2 is a block diagram illustrating example
applications with trigger points utilizing inference
com@onents, in accordance with a preferred embodiment of the
present invention;

FIG. 3 is a block diagram illustrating inference
components architecture, in accordance with a preferred
embodiment of the present invention;

FIG. 4 is a block diagram illustrating example inference
components interactions, in accordance with a preferred
embodiment of the present invention;

FIG. 5 is a block diagram illustrating example inference
rule set components interactions, in accordance with a
preferred embodiment of the present invention;

FIG. 6 1s a block diagram illustrating example inference

static mapping components interactions, in accordance with a



preferred enbodi nent of the present invention; FIG 7
is a block diagramillustrating exanpl e inference
WO 2008/05%11 component s and static mappi ng conponBOL/BS2002/041156

conbi nations, in accordance with a preferred

enbodi nent of the resent invention; FIG 8 is a
prefgraee &m£$@%ﬁqqqlﬂﬁﬂé§ﬁ|RfQ§%9ﬁﬂ%¥WQﬁQﬁ%ﬁme rul e set

conponents and dynami c mappi,ng conponents (sensors

afd Cef fledtfores P I iHAGTERS ,l%%%%@{w&% anference

preferred enbodi ment of the present invention;, FIG 9
rule gei Morrlordirdgr &Rd |9MEHCaemy et Ernce

|l ong term fact conponents interactions, in accordance
combiingly inspr dfreraanprstdisd ek of Rued grrsskranbefiemntoret the

FIG 10 is a block diagramillustrati ng exanpl e
presiemfteriencetisimrt term fact conponents interactions, in

accordance with a preferred enbodi nent of the present

i MIent ison;s A Glddk idlagdeinmodk Idistgraamind |erstmzlte ngpference

exanpl e inference conclusion conponents interactions,

rule Reaccantancmie tand dypreefier megentyp diomgineait s hesensors
present invention; and FIG 12 is a bl ock diagram

and idffustycadd )ngexaim el dmf e rien ee ccoatgare nt i tarsa geretd rred
facility interactions, in accordance with a preferred
embodikRaivTRift e tdieedurasdntvdrnvdent; on. DETAI LED
DESCRI PTI ON OF PREFERRED EMBCODI MENTS Externali zation

ofpeusiness 4 Wmesciant ¢ nal vt if eddo@erinference
poi nts are known techniques for orchestrating -6 WO

1on92QQﬁﬁpﬁﬂﬁﬁﬂ-é%%ﬂdﬁ%ﬁggyﬂhgggﬁétions, in accordance with a

preferred embodiment of the present invention;

FIG. 10 is a block diagram illustrating example inference
short term fact components interactions, in accordance with a
preferred embodiment of the present invention;

FIG. 11 is a block diagram illustrating example inference
conclusion components interactions, in accordance with a
preferred embodiment of the present invention; and

FIG. 12 is a block diagram illustrating example inference
component management facility interactions, in accordance with

a preferred embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Externalization of business rules and externalization of

trigger points are known techniques for orchestrating



appl i cati on behavi ors. For exanple, "System and Method

for Enploying Externalized, Dynam cally Confi gurable,
w@amhesdshie Trigger Points,” by Degenaro et alPCT/USZ02/041156

Patent Application Serial No. 09/956,644, filed on

Se tenber 20, 2001, ichis ncor por at ed
apP LI R IR AR Bt (1% fxad%lc%eéosast%&fﬁ iRty for

on|n trigg poi nt jin | ogic_fl ow. The
Emplg EXtpa S A% 1 DM F0igh e R gURA R e deRigheable
i mnthln ppllcatlons by trigger points that in turn
Triggsgedlods-oxt dphdeIRATRORY s 1 @p%ff%?qﬁﬁ%@%]s‘r?% ion
processing, The variability of applications so _ ,
serigdgiNreerQ®y ¥y G4fon el &A1 Senfrrikim AN cad 991, which is
mani pul ated without altering the rule-driven
incogmsiradad dns neesmsiqesin THes mrdcaratit, oledgilrera
points at various |layers of an application enables
techsurquss fodienp l exdgls a dfriggess rbsty aot ionlogic flow. The
Centralization of the externalizable |ogic and data
geneaanicks tie possdidde i laxyfomonmalelrsteamambied twithin
consi stency, reuse, and manageability while
appldaiatciaentat [hyrieducipgitte thentienancen cogtesa bftd hexternal
sundry applications enploying trigger points and
authadias e ras parfommnttiprdeeirdd gimcaontext dfhe
externalization, "rules" are not those wusually
variassiacitat esk Wgdl idwet iasid fdcialgimdetdd gent ecleammibwidysily
but are rather ones used to nmake everyday "busi ness"

and @BEIEHIANSEL 1y head ol the el erehl e SHd Usl 18 adityven
oriented than declarative, and the rul es enpl oyed are

applafdan orsd gl d vrawr d. THd @wenemnt NeW kg edgsoists at
not sought -7
various layers of an application enables corresponding levels
of rules abstraction. Centralization of the externalizable
logic and data advances the possibilities for
understandability, consistency, reuse, and manageability while
céincidentally reducing the maintenance costs of the sundry
applications employing trigger points and rules across an
enterprise.

In the context of externalization, “rules” are not those
usually associated with the artificial intelligence community,
but are rather ones used to make everyday “business”
decisions. The technique employed is more structurally

oriented than declarative, and the rules employed are often

straightforward. In general, new knowledge is not sought
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time and situational variability is easily nanaged.
wo-n4e58mpl e, an airline' s application nmay conBCTIER2082/041156

frequent flier to be bronze, silver, or gold based

upon the nunber of mles flown wi th t hem_dur.,i ng .one

afteyeabutAénﬁt@@dg&é@e By td thete omalle § agi@ 1 &psily
one's status m ght change frombronze to silver, or

managegm silver to gold. Further, the number of niles
needed to be classified as bronze silver, or gol
nFQm cxlamipde ovar atiivdd e’ @mamd@@atz@@o@ammltd@r a
15000, 25000, 50000 respectively. O a new

frequieassitfliieat iton bef bugings nEhlvey bemdddd fasathemen the
traveling at least 75000 mles in a calendar year.

numbBr of trdlext élmain z&ttho rihest dhimjues ond assifyi A &ime goes
custoner into a category nmight be coded in-line. But

by aind usineg midxiserna iaxabime laticgyeonpdintss sangs milads; alimnge
|l ogic and data for performng the classification

f rommioth Zee textedrinalr t @t Heromapplliveat itan qurlaher .FuBjcher, the
externalizing both the algorithns that nake such

numb@et efmirldidonecaied tdee datd ddats ipat aneterdrzes, tdiehger, or
I ncreased manageability of behavioral variability can

goldbeni it aiedie Ahiegr tainey elnom neEXaNi Y oSt 0 @ tehn 15000,
enpl oy inferencing techniques, such as

2500f00r wm&@sgae&lw&ybacwr&mwmlflml@t ef
networks to derive new know edge. Such systens are

platli%lﬂﬁ{ |rrbé1y°@f€”a'<§@€|i Hort MRsdRImRIemRNt: T edgmo miles

usually”™ in the formof if/then rules and facts;

in aMIKIMHAPRARI,

Prior to externalization techniques, classifying a
customer into a category might be coded in-line. But in using
externalizable trigger points and rules, the logic and data
for performing the classification would be external to the
application proper. By externalizing both the algorithms
that make such determinations and the data that parameterize
them, increased manageability of behavioral variability can be
attained.

Alternatively, reasoning systems often employ inferencing
techniques, such as forward-chaining and backward-chaining,
and Rete networks to derive new knowledge. Such systems are
usually comprised of three main elements: knowledge, usually

in the form of if/then rules and facts; working memory,



-8 WD 2004/ 059511 PCT/ US2002/ 041156 consisting of
derived facts; and an inference engine that processes
wao b@4kssnl edge and wor ki ng nmenory. During PCT/US2002/041156
f orwar d- chai ni ng, an inference engi ne exam nes the
inference rules and facts determ.nni ng which infer ce
consigté®g &fe demigiesl &3t She 3 &4 1BfE TS eﬁ?&l%&g}a
chosen by usin conflict resolution techniques, is
proceissed. the i‘inﬁaé}aeégﬁsé‘ndaé”ﬂr&%lgt FFEED- or new facts
to be generated. Iteration continues for inference,
r B isel dorverardrafindngg gt iinferenasy engime &iggines the
rules are eligible. Wen conpleted, zero or nore
infegemcleugivdrs anel feadive dle tDIMing Neh ot -ieHARaIRE Bh-es
I nference engine examnes the facts and data to
are ddtieritnlee tidf be dgdalechas Mrsen nfeashed ruls erqhegien Oy using
goal s are added and renoved until such tinme that the
confaricgi nalscjudliocrart dudhrgomesn tirud lored .al SBisawy gralse
is an inference rule that, when evaluated wth the
actiperd itreniccudator, Hesv framten Ha bey Jesigpradesh. f all tsexatoiron
refers to one or nore other inference rules that nust
contfiimigls E@rprierMerdndee arle feadlset iHe dRat  iatigey ivhm I sho
an optim zed nethod of inferencing. A network of
mordddge dehcenpluiyed 8@ asl g dssur evidiatcamm yetely  feact or
are tested against any inference rule. Typically,
mord @¥FNIG s knewedgedmsed systens can be used to
| earn new facts. For exanple, it mght be |earned
tffbtalfri bR R - dh G iy Pt hases @ty i nd@ykamines
often al so

the facts and data to determine 1if a goal has been reached.
Intermediate goals are added and removed until such time that
the original goal can be proven true or false. Each goal is
an inference rule that, when evaluated with the pertinent
data, is proven true, is proven false, or refers to one or
more other inference rules that must first be proven true or
false.

The Rete algorithm is an optimized method of inferencing.
A network of nodes is employed so as to assure that only new
facts are tested against any inference rule.

Typically, reasoning or knowledge based systems can be
used to learn new facts. For example, it might be learned
that when people in China purchase a camera, they often also

purchase a carrying case; whereas people in France may



purchase a carrying case; whereas people in France nmay
-9 WD 2004/ 059511 PCT/ US2002/ 041156 purchase
whaiosesises in addition to a canera. These two PCT/82081041156
rules oriented programm ng nodels, externalization
and reasonlng, each ave th ir strengths and
purahEgen fesderiBse H it e@ tGMSE same probl em
sets with one usuaIIy haV|ng an advant age-over the
offhess e iddisaans TR ATETEPT Ry QFHamRiNeh ML S
exanpl e, reasoning nay be nore favorable when the
ext emuleds zergiosy ehdh e asargichg Sae wain IGheig steangths and
determi ning exactly how a result was obtained is not
weakingseresant Eaorh ween heulaordeied itet Shearsame niodrleseptay with
run-time, or when the nunber of rules involved is
one muaé_llyarl'@er,irrg avh et vergragse fusveiice dthawotin degl ragbects
Externali zati on may be nore advantageous in the
depareliers @n sitteuatiitors,iguch By sranplal esaswniig sy be
i nfrequent rule changes, when high performance is
morec ravicaainl eamtheso o trhi 1 «Gneenpdyoyprd e dlsatigimg o
beneficially utilize both externalization and
fredigagdnii N@# agrirheletiarnoindarg texaarjloy v a thesult was
conbi ned advant ages whil e avoi di ng the drawbacks of
obtfadd A rRATE nacemexter ndldrz atilon decini oescat dre
will neet requirenents; at other places inferencing

adddadn quesuralone Wdd vt ies minddr aif ofdless phivdsved is
sone conbination of these two different but

qultcé)r!m&f@ntcﬁ{ Yraiprioaahesefd@ihddel s best fdduiAadt her

key problen1|s how t 0 organi ze reasoni ng systens
Externalization may be more advantageous in the reverse
gituations, such as small rules set sizes, infrequent rule
changes, when high performance is critical, and so forth.

One key problem is how to beneficially utilize both
externalization and reasoning together in order to enjoy all
their combined advantages while avoiding the drawbacks of
each. At some places externalization techniques alone will
meet requirements; at other places inferencing techniques
alone will suffice; still at other points some combination of
these two different but complementary approaches offers the
best fit.

Another key problem is how to organize reasoning systems

and their associated data. One can imagine that slightly

different versions of inferencing may be desired by

-10 -



and their associ ated data. one can inagine that
slightly different versions of inferencing may be
wale®iunsdiby - 10 WO 2004/ 059511 PCT/ US2002/ 041 1B6T/US2002/041156
appl i cations. For exanple, perhaps an inference rule
set i,;s universal in_nature but sone aor all of its .
applisptdbngs afeTmEHeEl SecEFdPRY St 60 WERSRCadnd &% 19
. wWith_a place in an application, or one of time. O
univeEpRapd it We taer SentEOMEp Pl Catli s ivay &30l IGTs g
their desired inference rules sets in comon. O
mapppdr REFS THA Gife U SIOBRE XS 2ERE IR URsy &1t fF arl@fe 1n an
i nferences need to be conbined as input to yet one or
applaseéiorheor wher efcddmet OF PebhanshdercstBdd aafit t he
present invention may be inplenmented in various forns
appldfahdoheameves giantdoes Ol ierie, despasidalingiagrosee rules
processors, or a conbination thereof. Preferably, the
setspries exmrion.e Nt meirhaipep [téyve woad: lius isufs v €5wo tdye more
sof tware being an application programtangibly
diffenmeadi e feremr gy ogredimtst Meagemievieck .asTheapplticatétorone
program may be upl oaded to, and executed by, a
or mdaehiothegonpriedengeany suitable architecture.
Preferably, the machine is inplenmented on a conputer
plrat fier mhad nghdearabsrride thixeh tA%e Qe sEn thuirererteidn alay be
” processing units (CPU), a random access nenory (RAM,
implaf@nitRutirouigiitodd /fQrdsntced frrgeld)re , Theo oy erfirmware,
platform also includes an operating system and
spedliaQl QIddeCtd b iftrs, Bie &V fdnBis i 1Q5e SSesr e,
functions described herein may either be part of the
Pre fEGHANSHHC t QA GRAE riferi?¥lidn Ofs ti@lemented in software,

the software being an application program tangibly embodied on
a program storage device. The application program may be
uploaded to, and executed by, a machine comprising any
suitable architecture. Preferably, the machine is implemented
on a computer platform having hardware such as one or more
central processing units (CPU), a random access memory (RAM),
and input/output (I/0) interface(s). The computer platform
also includes an operating system and microinstruction code.
The various procegses and functions described herein may
either be part of the microinstruction code or part of the
application program (or a combination thereof) which is
executed via the operating system. In addition, various other

peripheral devices may be connected to the computer platform

-11-



application program (or a conbination thereof) which
is executed via the operating system In addition,
wo 2004088510t her peri pheral devices nmay be connPCL/Es2002041156
the conputer platform-11 WO 2004/ 059511
PCT/ US2002/ 041156 uch as an agfltl onal data storage
suclygag @ add Jttslqr@lbéi”ftl?rtsﬁré?ratﬁ?d StdeR t hat, because
some of the constltuent syst em cqmponent s depl cted in

t HE diet iy i it g e TRhP Rt §hit erhaf@¢E ¢ nPome of the

software, the actual connections between the system
OTLEE RN t 5 ST RAMRAN ST AR tRfbri 1 Hehe r%@ﬁ@vmwmg
which the present invention is programmed. Gven the

Figursse hiaiy e remasHe bfiprepHaragrekithe jactrl reprpegtions
art wll be able to contenplate these and simlar

betwerl drentsts s capamitigural | Ghfer dégepdirentpon the
invention. FIG 1 is a block diagramof a conputer

manrpEIo cigs sitnige s yistee mreldnt ol et ahel prmsegutanmadnt | @iven
may be applied, according to an illustrative

the emdzodiimen Hdwerieof .orheo it ampiitrary prlocEssimgtlsy stehated art
100 includes at | east one processor (CPU 120

willoper atb el tyo o enth T eottiiess e capd neeinh 5] ant airep byrsdeat ions
bus 110. A read only nenory (ROV) 130, a random

or AStRSfurEiidys (RAWe hsant |{Qatapser 150, a user
interface adapter 160, a display adapter 170, and a

netwwr ki ada e51 d830 Breyaeneret |y ekompeespleebd®sd ey system
system bus 110. A disk storage device (e.g., a

100 MRYRALH e AhOR#Ln i Shkverst a0 Heye plbdd ) Saccording
operatively coupled to the system bus 110 by the I/0

o AfapteisdSfkive embodiment thereof. The computer
processing system 100 includes at least one processor (CPU)
120 operatively coupled to other components via a system bus
110. A read only memory (ROM) 130, a random access memory
(RAM) 140, an I/0 adapter 150, a user interface adapter 160, a
display adapter 170, and a network adapter 180 are operatively
coupled to the system bus 110.

A disk storage device (e.g., a magnetic or optical disk
storage device) 151 is operatively coupled to the system bus
110 by the I/O adapter 150.

A mouse 161 and keyboard 162 are operatively coupled to
the system bus 110 by the user interface adapter 160. The

mouse 161 and keyboard 162 may be used to input/output

information to/from the computer processing system 100.
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A nouse 161 and keyboard 162 are operatively coupl ed
to the systembus 110 by the user interface adapter
was®4/0395¢1 nouse 161 and keyboard 162 may be uRB€HUSI02/041156
i nput/output information to/fromthe conputer
processing system 100. -12 WD 2004/ 059511
P&TAISPEeY OBYisE X MilspCRPTGSVE Y1 FPuRl sshdratiRreI Sy stem
‘coupl ed to the system bus 110 by the display adapter
bus 170. bX féewsrierigy iasdlanyser di/i0rel P ek t'é e
system bus 100 by the network interface adapter 180.
operghiiive lvhecomhngt &0 v SYSHRT Hpst &R0 Hare Brdrvork
descri bed herein with reference to the above el enents,
intenfaice adepferagBleci at ed that additions, del etions,
and substitutions of elenents may be nmade wth
r édpdet titee cemputEhratorase fiiven systent ddchilsgs fen he
present invention provided herein, one of ordinary
descakiddd hertdien meltat ek fatendd |t diteegilcatee dllemerargl, it is
vari ous other configurations of the el enents of
to beorpirec i aireat edmithgdkiidtiems] 0@e lwhiilensnaiantdi subrgk tthec ions
spirit and scope of the present invention. The
of dllageitls navwend amdy auitdesrespeithathearut sy Sttean g, given
speci fyi ng, applying, and managi ng externalizable
the ItREQMEMCE oMYt arfairi iIYr0GRSSHEd herein, one of
appl i cation. Anong other things, the present
ordilla¥entdkan 1adgdy egsesrdiRa deeYady bllIeneBftediut® this and
beneficially utilize both externalization and
varilREs YHHRE dRgeldiffadibry dar die enjerdld diheidmputer
conbi ned advant ages while avoiding the drawbacks of

procRAin AN, W LD OF GAHN ZE B3NNy the spirit and scope
of the present invention.

The present invention provides a method and system for
specifying, applying, and managing externalizable inference
components in a data processing application. Among other
things, the present invention addresses the key problems of
how to beneficially utilize both externalization and reasoning
together in order to enjoy all their combined advantages while
avoiding the drawbacks of each; and how to organize reasoning
systems and their associated data.

The present invention allows for placement of trigger
points within applications that employ externalizable
inference components (EICs). Typically, applications will

pass context and parameter information to trigger points,

-13 -



systens and their associated data. The present
invention allows for placenent of trigger points
waowdaohiosesappl i cati ons that enpl oy externalizabl BCT/US2002/041156
i nference conponents (EICs). Typically, applications
~wll pass context and paraneter information to .
whichy thger dyaiomisallys \eWGGY G9h BIPey WER02/ (4PisRL1Lly
whi ch then dynanically identify and enploy ElCs.
EICsTgenedldey, ineuts @t indprengad diahatfderi@idithg
rel ated tasks accordingly, and return results to
accordiggely peing ssetuMn aresatlitfelbp tarigdeggaoigdit may
oper at e asynchronously, whereby an application
Altermadkesly t rd ggeiggest moimtowiadi mpensdra edayrattronously,
paranmeter input, receiving in return a key which can
wherebyused atpgp Idhedd drorimesddst @ dtrisyges [raiert tpridiman
application may additionally provide to a trigger
contpaitntanal eyrarfedrera itrhregd nevativiing dir ecsiwe corteawlwhich
with any results once the asynchronous inference
can PeOGess] conplieics.fA theidht saldt esdrer Nadieald ienadatar an
and al gorithns can be contained within a single EIC
applQidsen can nfelyC d e icnirrd IS8d prfova demaid o arpiafent pdicth a key
has associated with it one or nore other EIGCs.

for BYRIHERAY tratraid wonpaneite (el akiash tdey desdultk once
inference. It gathers and pre-processes facts and

the [ g%hxr&f&s vid{iakiese grid@gRs cabliddas ence engine,
nd post-processes and distributes any results.

e
a
Suhcerpients hand e spesdfld zrt 2 taskalfMettiags can be

provision of arule set to be utilized by an

con égﬁf@gﬁkﬁ@iﬁ%iﬂ@@im,ﬁoﬁ@ﬂ all esrd 0 $StAdfrised of a
main component which has associated with it one or more other
EICs. Typically, a main component orchestrates the desired
inference. It gathers and pre-processes facts and rules, maps
variables, triggers an inference engine, and post-processes
and distributes any results. Subcomponents handle specialized
tasks, such as provision of a rule set to be utilized by an
inference engine; mapping of variables to static values or
variable functions; filtering of conclusions to be returned to
an application; and so forth.

FIG. 2 is a diagram illustrating system components where
example applications 210 contain trigger points 220 that

utilize externalizable inference components 230, in accordance

with a preferred embodiment of the present invention. During
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vari able functions; filtering of conclusions to be
returned to an application; and so forth. FIG 2 is a
wale@gnsesii | | ustrati ng system conponents wher e PERESPOLE041156
applications 210 contain trigger points 220 that
utilize externalizable inference conponents 230, in
run 4éeendamed iaatiens prlér SURed Ye meBSTEn st RAFETSEent
i nvention. During -14 WD 2004/ 059511 PCT/ US2002/ 041156
informa tiiiome tcappliiassty GesEED 22 0ppihyi Forteiurghgmploy EICs
parameter information to trigger points 220 which in
230.t ufiinee MIlCpy 2BI0CPerLITM HOHEIIOF 2FRPHS slahBPmLion and
i nferencing calculation and return results to the
retutmi ggeulps ritcs 220 teHiggepropgagat € 2Athehids @napagnte the
applications 210. For exanple, an application 210 may
resudttpplty @ppdntoetticofs 204l .culFate edissgpdnt "amamp@lication 210
paranmeter of "shopping cart” to a trigger point 220,
may Wipgllyt Reraitditzes “aralapirader idbtsesdent 2304 a mekereter
di scount inferencing calculation with the given
of “shepping Rt  rforaraddiegempcint 220 etulringd tloerd hecilizes
trigger point 220 for consideration by the
an a@RRldpEatdten 0.2 e skidded idi ddwntel iatfed-aardiman
contenpl ate many conbi nations of trigger points 220
calcn@d tBldes 1230 iy Exalshoppihgidighe amdheadican, 2dich is
may enpl oy several trigger points 220; a single
retlrdned0®o ROt B2 dmbditd I8 semer@indldesrad3®n by the
mul tiple applications 210 may share use of one or nore
appllild=99&n AQY nts 220; and nultiple trigger points 220
may share use of one or nore EICs 230.

One skilled in the related art can contemplate many
combinations of trigger points 220 and EICs 230. For example,
a single application 210 may employ several trigger points
220; a single trigger point 220 may utilize several EICs 230;
multiple applications 210 may share use of one or more trigger
points 220; and multiple trigger points 220 may share use of
one or more EICs 230.

FIG. 3 is a diagram illustrating example externalizable
inference component architecture in accordance with a
preferred embodiment of the present invention. EICs 310 may
act alone (not shown) or in conjunction with other EICs that
perform separable tasks. In the latter case, a master EIC is
usually employed by a trigger point to coordinate the

activities of one or more servant EICs. This aspect is
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FIG 3 is a diagramillustrating exanple
externalizable inference conponent architecture in
waewanssnce with a preferred enbodi ment of theCpUsmeno41156
invention. EICs 310 may act al one (not shown) or in
. conjunction with other ElCs that erform separabl e
disquaged wWith rearRftterte BV EE fhdtekovy C Fach &l 130 1s
enpl oyed by a trigger point to coordinate the ,
comptiaan (9% SO IGRE T AD SEHY ARCE| T80 - THs® ddper 1338 1o
-15 WD 2004/ 059511 PCT/ US2002/ 041156 di scussed with
pPersisgimedtlyt onsRingiFiare] bal civ. S RiIAoEI & 8ICe | 350 conplie sed
of an algorithm 320 and data 330. The data 330 is
alggertdis tientdsequtied dned o Euat onagel mev34@. 350he Thertual
algorithmis executed by a virtual machine 340. The
machdirre B0 mweac Hiosel 340 reelgdwibthn h2 @l Tpoom tiher 3RO émbonstorage
persi stent storage 350. For exanple, an EIC al gorithm
350320 may be a Rete inference engine processed by a
Java Virtual Machine (JVM, and data 330 may be a set
ofFanl| eGantpd e dmtETPret @sk Dyhit o2 Ratiey | b e eRetee inference
engi ne in the presence of paraneters passed by a
engiirid Ggescidatl byt G pRAFHrv Bl adiadee dismountand data 330
I nference. Having the algorithm 320 and data 330

may ©d &f nsdd zed wffes scd hee atvostgesed dby ftieximétet inference
understandability, and manageability, anmong others. A

engkY BOVAHY agddnddads Ghanarscd0s A SsS30hPra trigger point

al gorithms 320 are external to applications desiring
to peHESANG NG SRAYI £8S , af desuduf f 8l P! | cadvoRg £hem

such changes. Continuing the above exanple, a new
algéfﬂfhﬁnﬁﬁdnénd data 330 externalized offers the advantages
of flexibility, understandability, and manageability, among
others. A key advantage is that changes to data 330 or
algorithms 320 are external to applications desiring
inferencing services, thus buffering applications from such
changes. Continuing the above example, a new rule may be
added to a set of rules comprising the data 330 to be
interpreted by the algorithm 320; in addition (or instead) a
forward-chaining inference engine may be substituted for a
Rete inference engine as the algorithm 320. Under a wide
variety of circumstances, related applications changes would
be unnecessary thus promoting application stability.

A master EIC 310 may employ other EICs 310 to perform

specific tasks, such as data aggregation, data propagation,
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added to a set of rules conprising the data 330 to be
interpreted by the algorithm 320; in addition (or
w0 p®iesedIl a forward-chai ning i nference engi nePCEYS1962/041156
substituted for a Rete inference engine as the
al gorithm 320. Under. a wide variety of circunstanﬁgs,
data ¢raned agen c R3GHL ChafEeS Rl Lajd Qithe RS 59 Torth.
thus pronoting application stability. A master EIC 310
Key panf eams oyz adtdife ri THI Q2o QPR8I 22 e 5 el el k2
such as data aggregation, data propagation, -16 WO
gresE4/0GEeEill HedHwS2007 01 188! tdares tdadips|and o control
paral l el logic calculations, and so forth. Key
may eXicar fretivesyl E10H dviertbier aBripsurrantys. arfel dekeE ridie e oy
greater detail below. During run time, data and/or
zeraont mgire myhdd EE et ween EICs bi-directionally. An
ElIC nmay enploy zero or nore other ElICs. EICs nay
eIy meer wsabl ay aterorsaliies algomixsud e£a 1 iggerute trigger
point, return data, join data, filter data, translate
poimdat asetwhoakec by phassidtiacatiidtexchizdse rarmdmilgte data,
choose round robin, choose by date, inference engi ne
chod¥ee 1 @UessOrt i dat esen cehoswyi reen sty pratesssoryound robin,
i nference engi ne | auncher, receive data, send data,

chocdde0sy GRitin, fiifdrélada, emicheotgies-Hrdddssamy Lipdoynce
externalized data conprising: an unique identifier,

engide YR MbedsMANBinPet Q0 idyite foldethed, Sé&ive
time, an end tine, a schedule, a period, a duration, a

dat Pl Id Hath Classid | gatd Oetrd eff£nCcein@ others.

description, a firing location, firing paraneters,

| i fd Bl AAtd PN PRI SPEL &L S1ized data comprising: an unique
identifier, an intention, a name, a location, a folder, a
start time, an end time, a schedule, a period, a duration, a
priority, a classification, a reference, a description, a
firing location, firing parameters, initialization parameters,
an implementor, a ready flag, free form data, and others. For
example, an implementor might be a forward chaining inference
engine and the initialization parameters might be a set of
rules to be interpreted.

FIG. 4 is a diagram illustrating example externalizable

inference components in accordance with a preferred embodiment
of the present invention. The externalizable inference

component engine 410 can be a master component that employs

other externalizable inference components to perform specific
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an inplenentor, a ready flag, free formdata, and
ot hers. For exanple, an inplenentor m ght be a
wo eoowasgichai ni ng i nference engine and the  PCT/US2002/041156
initialization paraneters mght be a set of rules to
be interpreted. FIG 4 is a dia ran1i||ustratin%:
taskgxanpile esneddyslivzalb @a%FﬁFéH&ﬁ§94ﬁﬂﬁxﬁﬂﬂn39§ﬂ9 m all
accordance with a preferred enbodi nent of the present
taskisnyaRssdmtethdyeatderaBlisn| @thfdrempe  dspdriifant EICs
engi ne 410 can be a nmaster conponent that enploys
oftegt leap loviast gt israBll€ ieFPdinendd & esonefiart & 958t figrahs 420,
specific -17 WD 2004/ 059511 PCT/ US2002/ 041156 t asks.
rulesl Eetnadiovelsratd crasper 4dénpdmate team pardter A5 A
tasks unassisted by other EICs (not shown). Key
concdemiams B60s seitwmrsedplloyedidh\efdredE @ efihe £erharat
short termfacts 420, rules set 430, static naps 440,
thesleorg et @femdradiesi 450 moreormeltesilods 1460, vsidrisaresspErd; to
and effectors 480. Each of these are described in
Figutesse sdatiai | elcawant HIC espectctt andd giates] D nayA itself
servant EIC nay act unassisted or nay itself be a
be aMagistlerC M@PRRnGg hadate mgupdys/ s evarardntEIHICs A rrastsgter
conponent may enploy zero or nore types of servant

compineh taRthy M 1P| 2 Z 10 @rdaydh e ERdetygre EIdE Gnd
El Cs may be organi zed or conposed in various ways. For

may ¥PIMLE A rRYremdd<l Jmedee caprosed mfc one or nore
servant EICs as an array; a collection; a hashtable;

amidLhRbPhe dryaiddd QY Rnifised & afdeicud WBBis @ For

vector; and_others; or as sone conbination of
exarf AR €5 eAtdonsc The, YHMUEAdLD dfS one or more servant

EICs as an array; a collection; a hashtable; an iterator; a
partition; a set; a stack; a tree; a vector; and others; or as
some combination of representations. The organization is
according to a design for the combination of the algorithm and
associated data.

More concretely, a master EIC may be composed of a vector
of long term facts components together with an array of short
term fact components, a tree of rule set components, and a
conclusion component.

The main task of an EIC engine 410 is to perform
inferencing on facts and rules to derive new facts. A key
advantage of the EIC paradigm is that facts and rules have

been externalized and componentized in a regularized way,

-18 -



according to a design for the conbination of the
al gorithmand associated data. Myre concretely, a
wore@eF95E C may be conposed of a vector of | opgr/us20m/041156
facts conponents together with an array of short term
~fact conponents, a tree of rule set conponents, and a
whicgogrieadilon feeripdirates MRS iand lewngn HT &HHRS, 2
410 is to perform inferencing on facts and rules to
ruledereity atsgsivticacica l ol liede  H@ERdde o five UEISD gaf &t gmple
Is that facts and rul es have been externalized and
EIC cogioesntdlfedvien &hcagll apradiandiron ipad 2304 0BD5ule
PCT/ US2002/ 041156 which greatly facilitates reuse and
set stariiahd.esForyetanplid ferentulie semaiseddasn "t oulldtiple EIC
di scount” can be used by nultiple EIC engines 410
engieen 4ifbougn mepfdiinge fabemsanputrudat edto brud eerabice
~variables may be different in sonme cases. O multiple
dif fierGntenrgintdsrsdthecan an inilze ke EANengilressetl butan
produce different conclusions. O nultiple EIC
utilen@g AT AR meanul iddize Wit frdtee Manel lneygeiirsy Miront hienput
same mappi ng frominput data onto rule set variables.
dataOmteKiddied dat the-irgllaied ade @ eViisi athdnwédlagtted art
possibilities for constructing ElIC engines 410
can SISO tReH dd oAl Tihe & G andidigstddbtdidkee®ad lengines
ElCs, is conprised of data and al gorithm constituent
410 RMASnASERSCHIRG] Aapve with respect to Figure 3.
The al gorithm perforns pre-inferencing activities,

iﬂ%&k%%dl5%§ﬁ$§Qﬁﬂﬁeﬁﬁkﬂ'E%ltﬁﬁﬁbp%ﬁJQﬁﬁ&mised of data
and algorithm constituent parts, as described above with
respect to Figure 3. The algorithm performs pre-inferencing
activities, invokes the inference engine, then performs
post-inferencing activities. The pre- and post-inferencing
activities are in accordance with the associated externalized
data and algorithm. In the case of a solitary EIC engine 410
having no servant EICs, data neéded by the inference engine is
gathered by the pre-inferencing phase from either the supplied
input, or the associated EIC engine data, or some derivative
thereof; data produced by the inference engine is potentially
subject to a post-inferencing phase for a variety of purposes,
such as recording newly derived facts, effecting other

processes, and so forth.
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post-inferencing activities. The pre- and
post-inferencing activities are in accordance wth
W b@4associ at ed external i zed data and al gori t PET/US2902/041156
the case of a solitary ElIC engine 410 having no
servant ElICs, data needed by the inference engine is
gdbvmerced 15y tate Bhre- s dtentilly Pk 1otk He? the
supplied  input, or the associated EIC engine data, or
perfgyite SRaqiEd e sksher 615 R 1 o AR RR By @hethe
inference engine is potentially subject to a
pre-postedaffdimenahmpphave 61 endiats et 10 ori g pygekoy an EIC
such as recording newy derived facts, effecting other
shor deess 8 ctand 30 forudr iyl D DDA 0598I0l ied input data
PCT/ US2002/ 041156 Typically, an ElIC engine wl|
thatenplldy bet heyn$EIn@S thy pigrd cmfispritdd i engiisks. iFonight employ
exanpl e, as part of the pre-inferencing phase, an EIC
an BEIWimdeteim4fn enphmyaian Hle<C rishes tto dpen damsena@0oy its
to verify and filter supplied input data that wll be
infeensigreshdiynd 1 s ithfrergnc eengriginesn iRI @ gitdt eophays 440 to
EIC rule set 430 to obtain the rules to be consuned by
map st d red@nae engraeiabledr fht arpdoynes d&dEiséatic
maps 440 to map facts onto rules variables for ‘
conduMR BHRCe BNGhIeht CORSLHPIE N, sdiissi g 7enph@yeEféctors 480
sensors 470 and effectors 480 to nap fact getters and
to el e U4l esmyasddes doto +0f&s eRgei ghDéHefor
consunption; it mght enploy an EIC long term facts
infdRhdd Sathesr Eaed st £vh oust YnLiekd Ve IOy aRferenténg term

engi ne consunption; and so forth. As part of the

facigoﬁsiéo;d.crtfc? rencidg phase. p Al B PP ¢d8 F8hineaplaYe
engine consumption; and so forth. As part of the
post-inferencing phase, an EIC engine 410 might employ an EIC
long term facts 450 to record facts newly produced by its
inference engine; it might employ an EIC conclusions 460 to
filter, recast, or embellish inference engine produced facts
to be returned to the requesting application; and so forth.

An interesting aspect of inference components 400 is that
they can examine, update, create, and delete each other. For
example, the purpose of a particular EIC engine 410 might be
to update an EIC rule set 430 by adding, deleting, or changing
data (inference rules), thus effecting operation of EIC

engines 410 employing a revised EIC rule set 430. One skilled
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long termfacts 450 to record facts newy produced by
its inference engine; it mght enploy an EIC
w@oehsssions 460 to filter, recast, or enbel | PENUS2002/041156
i nference engi ne produced facts to be returned to the
: I hg.appl i i on, o forth. ,An interestin
in CROCERLAPON PR ot e B FuopbriatfRet Ohengy Laference
exani ne #%gate create, and del ete each other. For

COMPSHTHT ef St PP HR2" of a particul ar ElC engi ne 410
m be ,to update an, F| C rul e set 430 by adding, _,
deff’};’%i n%,l%ra c%a%%lf% L HREEE ¥ iRy o Lf eg¥terRasizable
effectjnggggeration of EIC , engines 410 enploying a

rule KA M BTSN CYRROURD:S GHe IRFPFEUCOOVIER @ breferred

2004/ 059511 PCT/ US2002/ 041156, in the related art can
eMbeEHRHe PanyRe o TR oHRVeRt il er dRicke SohpeERenent (RSC)

relationships. .. FIG 5 is a diagramillustrating

510 digmptee et rriree aptEes r utRL ket 1T rded etRel e oiboneatk of

.in accordance with a preferred enbodiment of the

Whig &@EntoR rivehtidke RSkt Corhoreht "B'RIQspEI0ihesy. The
two inference rules, "Rule:1" and "Rule:2", each of

algqiitdmn dear GPQ Sthgle \Vegtiuple, "#lemndedibdsted upon RSC
respectively. The algorithmfor RSC 510 is "return”

510 Wighl repiaisied tporwdRSGQif sdénag | fulgovimerédsohaw. RSCs
inference rules in response. RSCs 510, 520, and 530

510 al32@&npey 33He skhmeng oy ithensamd Aldorithm, and all
(coincidentally) have two inference rules as data.

(coiMaotiedertiatl 1yi)n Heahies exanl ferdRE S0 dmsaontatNf enesee that
rule in common with RSC 510, "Rule:2", and one

in timferesmzoelreyl &I MR Witd RSCrdd: RW e "common with

RSC 510, “Rule:2", and one inference rule in common with RSC

530, “Rule:37.

RSC 540 has a “join” algorithm. Its data is not the 4
inference rules shown, but rather references to RSCg 510 and
520. When called upon, the algorithm of RSC 540 requests the
inference rules from RSC 510 and RSC 520 to formulate its own
set of inference rules. A join algorithm simply accumulates
data provided by RSCs it references without regard to content.
In this example, that results in RSC 540 having “Rule:1” and
“Rule:3” each appear once and “Rule:2” appear twice in its
inference rule set.

RSC 550 has a “no duplicates” algorithm. Its data is not

the 4 inference rules shown, but rather réferences to RSCs 530
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RSC 540 has a "join" algorithm Its data is not the 4

i nference rul es shown, but rather references to RSCs
wGid4asd11 520. When cal | ed upon, the al gorit hnPOf/URBER/041156

540 requests the inference rules fromRSC 510 and RSC

and %%@ to T/f %qujaafleed 091\"'n th?eetal%foxlfgﬁ %%srd"d‘se%) Jf’oéquests

join algorithm'sinply accunul ates a provi

f
the ﬁ@%feﬁqd'etetﬁ{leréc ts% %;S%Oﬁgzo. qrmL}lanc%dlts own
".Rul.e: 2"
set .o?é"l%fs D) %e%rs%?% %%%gﬁ“ 5 aal%%%ﬁs% Y%%fpa;?
S L e

2004/ 059511 P /U82002/ 0411 and 40. When cal |l ed
dupliSatesine 1@ Jorit KvedPits % in f8G r?ffé)ré'i*?t‘émg

s from RSCs 530, and 540 to forrrul ate |ts ovvn
one 8F‘C$m°ér erce &l "es . "R lfg 2cfupl Redtsess al §rd ¢ WK rfb"l

accuml at es data}, provi ded o‘é RSCs it references and
NOtlF@nﬁ%&? Cat &8s P IHIAEdeskatisice Prt REC Bl th1t n

RSC 550 haV| ng one each of "Rule:|l" "Rule:2",
appeagg| @73y Ongifd TRk Anfengace eulifes SeRuIE RSSO .-

pr ovi ded tw ce by RSC 540, but appears only once in

Slmlt1ﬁ§1ﬁfnf SREHEe 3'UMES SEOVGIIeRSEBREC 5G0nitiwirdey, once from
"Rul e: 3" was provided to RSC 550 twice, once from each
eachoPfRBEC5 36 Oam@dR8E 5 4@,0 , biputi tltalaéaoomn,lyapamasrsome in

in the resultant inference rule set. The rule set
the gespdtents ipdeading® irsilleeypetto managi ng | ar ge

The rule set components paradigm is key to managing large
rules sets by enabling them to be partitioned into smaller,
manageable, reusable pieces. One sgkilled in the related art
can imagine a plethora of useful combinations of inference
rule sets as data, and associated algorithms that act upon the
inference rule set data directly or by reference, ultimately
consumed by an inference engine.

Note that inference rules are typically statements of the
form “if condition is ‘condition x’ then result is ‘result
x'", “Rule:1l(a)” represents “if condition is ‘condition a’
then result is ‘result a’”. Similarly, “Rule:2(b)” represents
“if condition is ‘condition b’ then result is ‘result b’”.

FIG. 6 is a diagram illustrating example externalizable

static mapping inference components in accordance with a
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rules sets by enabling themto be partitioned into
smal l er, manageabl e, reusable pieces. One skilled in
wo b@4osdsat ed art  can i magi ne a pl ethora of useETUS2002/041156
conbi nations of inference rule sets as data, and
[ [ h u he 1 nfer, .
pre e B TRl Oy P A el o E oL Meping
n i nf n engi he. Note that inf C
compBRRLET GRS T eall SR Bl 5 R el B S aca,
" condition_is ondi tiaon.x' -then It s “result .
a->gd] aDARPERCe) F FEEFBLSREY 1 FiEoRdt TGS (140 meppings as
‘cQndition_a'. then_result js _"result a"' . Simlarl
aata paPer bt a8 SEaSan's ~ F'Ce $Ad BRon e TEsRdPERoRD datR
w. then resylt is “result bill. FIG_ 6 is a diagram
C'>Fﬂ?u§?§a?gﬁjd&xanpﬁgcﬁxéépna@??abﬁéO's i &4Yafdinghare
i nf erence_copponents in accordance with a -22 WO
the 5088/ 859511 CPET/ USS60ZF041186Tprerer déd CatdGd mppn ofSMCs
the present invention. Static Mapping Conponents
610-p4QCy} 1616 18R Yo A6 tE&EN they BapRé Nea FaitAg Co8 tadtgd -
"a->al " and "a->a2" respectively. SMC 620 has two
n&Pfi AGS B3S @atf'dOoiTy- sBPordflm.c- 3§k dagRrig3@araghe 5
two mappings as data, "c->cl" and "d->dl". SMCs 610,
statggomapBONIGnGhewD  albluts Fathert kefeapncalisgso SM@s 610, 620,
“return”. Wen each is called upon, SMCs 610-640 w ||
and &BApl yWhenurplikd wppi nfheardgositaimned. SESRICE6%50 deasiests
a "join" algorithm Its data is not the 5 static
the pappiagsashongs Bubwr dhieeSMCef epencebich SMCset@ences,
620, and 630. When call ed upon, the al gorithm of SMC
610,6600;egudst80,t he $oamudateppitegswhr ertt bé Skasiapon
which it references,
mappings. In this example, that results in SMC 650 having

N

“a->al”, “b->bl”, and “d->dl1” each appear once and “c->cl”
appear twice in its static mappings.

SMC 660 has a “no duplicates” algorithm. Its data is not
the 4 static mappings shown, but rather references to SMCs
620, 630, and 640. When called upon, the algorithm of SMC 660
requests the static mappings from SMCs 620-640 to formulate
its own set of static mappings. In this example, that results
in SMC 660 having one each of “a->a2”, “b->bl”, “¢->cl”, and
*d->dl”. Notice that “c-»>cl” was provided to SMC 660 twice,
once from each of SMC 620 and SMC 630, but it also only

appears once in the resultant static mappings set of SMC 660.
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610, 620, and 630, to fornulate its own set of static
mappi ngs. In this exanple, that results in SMC 650

whaooisispsii a- >al ", "b->bl", and "d->dl" each appeHRUSHNT@I1156
and "c->cl" appear tmﬁce in its static mappings. SMC
660 has a "nqg dupllpat ithm Its data is not
rﬁiea IR e %ﬁﬁ 8 r%%eqom%%m%e%a% oPe
SNCS 620, 630 and 640. When called u t he

shazgdyors th Gt SMOBEDNG SRS 20 Pt IR P YT
from SMCs 620-640 to formulate its own set of static
COMBAIMEI Y ARG 1V PR Vel oG ANG é%acﬁae sreyse ShME &6y
havi ng one each of "a->a2", "b->bl", "c->cl", and
advantags "of N¢ deredrit "nvRiriohs pHEW deth thsvx@aples
twice, once fromeach of SMC 620 and SMC 630, but it
pre%rs‘tﬁcbniry Fimppeed gtk §n thee gl iam Yeltien” is common
mappi ngs set of SMC 660. -23 WD 2004/ 059511
to M@l USXDO 24104 1985, Be atedrie hhpoin| oyedl byo rdpbicates”
conponents can be shared with static mappi ng
algagongoment s and/ or any other conponents and
vi ce-versa. Code and data reuse is a key advantage of

t MEhepreetsemitc inevgningn. coipments twerakagpl &8s key to
presented in Figures 5 and 6, the algorithm"return"

manadiep e tadoiny REGESs and &MIsLims e the Bé abar'titioned
and "no duplicates"” algorithns.  The static nmappi ngs

intcCHROTeNt S pRaiafigmd S kesdiWle BNAGENY | GHIHBEPPENGYin the
sets by enabling themto be partitioned into smaller,

reldBE@GEAbD| @n ravsaile Digtatooskiddan '(fbrﬁkhﬁlatlons of

related art can 1'nagi ne a pl ethora of useful
staﬂ%ﬁﬁﬂdﬁﬁlﬂ§§5é§ data, and associated algorithms that act
upon the static mappings data directly or by reference,
ultimately consumed by an inference engine.

Note that inference static mappings are typically
statements of the form “substitute ‘value’ for ‘variable’”.
The mapping “a->al” represents “substitute ‘value al’ for
‘variable a’”. Similarly, mapping “a-s>a2” represents
“substitute ‘value a2’ for ‘variable a’”.

FIG. 7 is a diagram illustrating example externalizable
rule set and static mapping inference components in accordance
with a preferred embodiment of the present invention. Two
different types of supplier EICs are shown, RSC 710 and SMCs

720, 730. Two composed EICs 740, 750 are comprised of

combinations of supplier RSC and SMCs. This example shows a
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static mappi ngs as data, and associated al gorithns
that act upon the static nmappings data directly or by
w0 edogiosasce, ultimately consumed by an i nfer enk@I/US2002/041156
engi ne. Note that inference static mappings are
typically statenments of the form "substitute "val ue'
key ﬁéwanVagﬁa@pfethe PTﬁ@eﬁ’ﬁpﬁpﬁﬁnté%wheF@pFWnts are

"substitute "value all for “variable a'". mlarly,
utllﬁﬁﬁélﬁ@geéhséztoréﬁmé§§ﬁt§ew'§@6§¢9€@tésa#éﬁugya?n-for
“variable a'". FIG 7 is a diagramillustrating

infezranpl engiter naFilfablé 1ﬁuﬁec§@bl@ﬁ§l§PaFﬁcawﬁ&%@ufet and
i nference conponents in accordance wth a preferred

a stetrbodivapptingf. t BECpr/éSeit ingembisatiPro ofditieradme rule
types of supplier EICs are shown, RSC 710 and SMCs

set ¥20h a30ifTervenonptsdcd CEMEPPi4Q,. 75 chr devommtirede sof
conmbi nations of supplier RSC and SMCs. This exanpl e

anotdkawkey af4aViDa2@04/£059%] DreCENHSA002Ma4 0156 cdwppnent
advant age of the present invention where conponents

reusal.e Tut ithizedxbagdthert e adgmpdsdimse @ seatditsites] wsidtil ehe
by an inference engine. EIC 740 is a conbination of a

suppluke seinpandnta sirat isdrpappivietuEn®,750d $he algorithms
conbi nation of the same rule set with a different

assothialiet FERP Rte T derDReMIRS tARAtherindy “join” .
advant age of the present invention: conponent reuse.

| B HRist oxamp! endife aldey.it hmo QﬁS(FqngiJ:@ i thi e employ
suppl i er conponents are S|nply ‘return”, and the

a scAhGRR HIE RIFOGAEAE WHd) he é%&%@le@wrﬁ@duces

are sinmply "join". A naster ElC engi ne (e.g., 410 of
Ruled Qu%ehﬁkl%QQW%ﬁ@H@ﬂ@é a-d substituted as al-di
respectively upon demand. Presume EIC 710 is altered to
contain a new Rule5 having variables “a” and “c”. With this
change a master EIC engine would then receive Rules 1-5 with
variables a-d substituted as al-dl when employing EIC 750.
Notice the key advantage of component composition demonstrated
by this example of the present invention. Both EIC 740 and
750 would contain the added Rule5 because both are consumers
of EIC .710. EIC 730 remains unchanged, yet still contributes
to the resulting EIC 750.

A composition, such as EIC 740, can occur statically

(prior to runtime) or dynamically (at runtime). “Rule:3(c0)”

represents “if condition is ‘condition c0’ then result is

‘regult c0’". Similarly, “Rule:4(dl)” represents “if
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a servant EIC, such as EIC 750, as a reference that
produces Rules 1-4 having variables a-d substituted
w@g00a0591 respectively upon demand. Presune BPCI/UD0}/641156
altered to contain a new Rul es having vari ables "a"
and "c". Wth this an mast er. EI C en
condipdRry ddei \‘Fémifilél-ltééml %?’I’?n vas g%&ﬂ'sv‘\ﬂjlut ed
as al-dl when enplo ng El C 750. Not| ce the

adipaRt &G EE tedpONGI SCoM50S] ml&%ltdgmsregtteﬁlfbfustomer

this exanple of the present_invention. Both EIC 740
statasd * c756hesulcd veo Mg toTEe SHEFSHTRUI'ES “be s Both Iht

are consuners of EIC 710. EIC 730 remains unchanged,
reprgeenst i“Subsertnitsut ‘@ondid ke, PEQRAS ngFeERwd t750L0 percent’

conposi tion, such as EIC 740, can occur statically
for (‘pri‘or the mtrtblmaa)tlmn daman’ht@amly (et qqm:tqn@ has status

"Rul e:3(cO" represents "if condition is "condition
‘brot@e't lrderr gsvet dustomess @itsce@int. ‘Sidvidegdant’ .

"Rul e:4(dl )" represents "if -25 WD 2004/059511

PET/CUS2002/ @4 1%y ramonidiltvistmrats nae endintr Ion ekt enrhe zable

result is "result dl"". Mre concretely, "Rule:3(c)"
ruldms@htt areprBsentic i fserissionerd eftfataror)c mageimyi Meference

custoner discount 'c"'; "c->c0" m ght represent
compoiidlly t(Ehves)candiddarddnamnag.tir es Wite f bk qubrevdsbdiment of

for "c ,"; the conbination results in: if custoner has

the Prdident ibF@AAS orl hemdl B fustarert e amtsudflier EICs
percent'. FIG 8 is a diagramillustrati ng exanpl e

are %Pﬁo%ofmahds@@l% drid el @y dwTan aysens@osedl EICs 840,
effector) mappi ng i nference conmponents (DMCs) in

850 AGLOILRNRE Md bR defetdtebrmadig®mitlidfr Rsc and DMCs.
This example shows a key advantage of the present invention
where components are utilized together to compose new entities
usable by an inference engine. EIC 840 is a combination of a
rule set and a dynamic mapping. EIC 850 is a combination of
the same rule set with a different dynamic mapping. Each
demonstrates another key advantage of the present invention:
component reuse. In this example, the algorithms associated
with the supplier components are simply “return”, and the
algorithms associated with the composed components are simply
“Join”.

A master EIC engine (e.g., 410 of Figure 4) might employ

a servant EIC, such as EIC 840, as a reference that produces

Ruleg 1-4 having variables a-d substituted as functions p(x0),
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the present invention. Two different types of supplier
ElICs are shown, RSC 810 and DMCs 820, 830. Two
weeovposesdt El Cs 840, 850 are conprised of conbPCHUSINE041156

of supplier RSC and DMCs. This exanple shows a key
advant age of the present invention where c onent s

q(xoéperdeIhzé@dtﬁdﬁgﬁeFe§8685ﬁﬁ8§¥ H@ﬁne%ﬁqﬁ %gé vge EIC
by an inference engine, EILC 84Q is a conbinatign of a

820 Lgl alseredndon cBpRIm ChRafEPATL CEMEPIEGY o5 "4 tO
conmbi nation of the sanme rule set with a different

“t (v@yfan ¥islppiis. cBasive deMBRsErafds SRGHAe wesyld then
advant age of the present invention: conponent reuse. .

recefijet Rud eexdmdl &ithheagligdiiesh s dassdatdttaFedniash fupetions
suppl i er conponents are sinply "return”, and the ,

p (x0al, gar(xOhns rdy$ici aned biyBh WhHENC SHpdsed b iFdh&ils af®tice
sinmply "join". A nmaster EIC engine (e.g., 410 of

the Riegurevén triogh o fempinppneats sormes HEion desenssm@ted by
840, as a reference that produces Rules 1-4 having

thisveaianiplles of- dheu lpadeistentte d nayenftdiest i o iy EDG 84%6 wap1d
2004/ 059511 PCT/ US2002/ 041156 q(x0), r(yO, and s(yO0)

contadspetia \tdlayngsepb rudeaibd.calreses wme YEIIE 1820 icormumsmredt EIC
to change the dynam c mapping of "d" to "t(y3)". Wth

820 .t hiEg cclBang e enainst emdiaGoenyi yetweadid It emtridngiase to the
Rules 1-4 with variables a-d substituted as functions

resul$@y FIX@40.r (y0), and t(y3) when enpl oying EI C 840.
Notice the key advantage of conponent conposition
demensigcaied &y, Juurs sxanm eaf, tdie pesentstatically
invention. Only EIC 840 would contain the changed

(priRY &b BeEAUSR O dyindif ch1aensEmaft i .

“Rule:1(p(x0))” represents “if condition is ‘condition
function p(x0)’ then result is ‘result x0’”. Similarly,
“Rule:2(q(x0))” represents “if condition is ‘condition

function g(x0)’ then result is ‘result x0'”".

More concretely, “Rule:3(c)” might represent “if customer
status ‘c’ then give customer discount ‘c’”; “c->r(y0)” might
represent “substitute ‘condition: bronze, result:
lookupPercentage (bronze)’ for ‘c’”; the combination results
in: if customer has status ‘bronze’ then give customer
digcount ‘looked-up percentage for bronze’.

FIG. 9 is a diagram illustrating example externalizable
long term facts inference components (LFCs) in accordance with

a preferred embodiment of the present invention. Two
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820. EIC 810 remai ns unchanged, yet still contributes
to the resulting EIC 840. A conposition, such as EIC
W@2@d4/08m1 occur statically (prior to runti nme)PCr/US2002/041156

dynanically (at runtine) "Rule:l (p(x0))" represents
“if condition_is condlt n I on x0) hen
diffegepkt tyresr e§uffCRoprEe ﬂWParE§ en E§882%&PX%F9"LFCS

resents "if condltlon is ~conditi ion

520, (oR0) 19PAGR2PesUFR] LECRosTPYSF0RR1 A RF e BontratoPyerate
"Rule:3(c)" mght represent "if cystoner _status i

in tvhenogede €§§?6W§/SHP§@OEH@ feteh/sgnd,y (yBPT FEGHPLS, LFC
represent "substitute condition: bronze, result:

921 recklpPer detrageer 8RzEFC egging 910tﬁ€dc§ﬁ8Fﬁ§tPGn
results in: if customer has status “bronze' then give

perstaseohdy adi Beadmt SeEobk8d- ip péﬁ@eﬁﬁagaeﬁoﬁe@éanf@t 1.0
FIG 9 is a diagramillustrating exanple

fromepeeshakepabbeorbgrgandr subReissi aAleEdRceNEdRFo MRS the
(LFGCs) in accordance with a preferred enbodi ment of

datat heLpresdent irevention. alWose2@ing 2804ppsgste in push or
PCT/ US2002/ 041156 different types of EICs are shown,

pullEESshmghneasgtanaadlLEEQs)920Ih921¢xam@1922h0WﬁeaLM@Y
enpl oy an algorithmthat operate in two nodes,

advaheeagkvekfsthee pagdehet dhveandonFoheerarpiponeRCs 82k
receives data froman ElIC engine 910 and stores it

utilBeesi sbephbly ids oneddyaSehtd. GaintadhablietdkesReadyple by
Set 1.0 from persistent storage and supplies an EIC

an iefgreecw khdgtihe, data. LFC data receiving and sending

can operate in push or

Multiple LFCs can supply a single EIC. Multiple EICs can
supply a single LFC (not shown). An LFC in particular (or any
EIC in general) can receive from only, send to only, or both
receive from and send to one or many EICs. One skilled in the
related art can imagine many combinations of LFCs and EICs
with respect to receiving/storing and fetching/sending
persistent data.

'Anecdotally, Ready Sets 1.0, 2.0, and 3.0 may be long
term facts about gold, silver, and bronze status customers
regpectively.

FIG. 10 is a diagram illustrating example externalizable
short term facts inference components (SFCs) in accordance

with a preferred embodiment of the present invention. Trigger

points 1010 and two other different types of EICs, EIC engines
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pul | fashion (as can all EICs). This exanple shows a
key advantage of the present invention where
weowposesnt s are utilized to partition data i nP@I/US2002/041156
mai nt ai nabl e pi eces usable by an inference engine.
Mul tiple LFCs can supply a single EILC. Miltiple ELC%
1020¢ gpd §§5§I90§Osiﬁ&@es%@%“(nogw§ﬁéﬁﬁﬂyVAﬁxL §mpoints 1010
particul ar &&r any A EIC.in general) can receive from
suppdil fatgen® £ Corgings BORR atedainFd mer-om Tyt Send t F1C
one or many EICs. One skilled in the related art can
engiinesgilfe onemp legmengatitoMeref SEICEs 183d mccs ragafprm data
respect to receiving/storing and fetching/sending
suppdéesi dyerigaes. PoAmesddrdd phorgadersetiaicksn fox 0,
and 3.0 may be long termfacts about gold, silver,
consampthom by sndersncestemmnss r edgdet iokdler, BIAE, g $SFCs
a diagramillustrating exanple externalizable short
emp liogr mmf @&cdte rinefldzedc e lomnpdien e (8t lizedadporakimmal ized
with a preferred enbodi nrent of the present invention.
datalri ggerallyoiimt $£hE0 @ sencdft Wt hethedifffmgraes dafypgse of
El Cs, EIC engi nes -28 WO 2004/ 059511 PCT/ US2002/ 041156

algokQ2tnaned SeCeolilthe ard gfrawpoilypisealdled rdaggerand make
poi nts 1010 supply data to ElI C engines 1020 at

t rafdfrinER 1 ohpitealinfefdrice engjines ckdmemileydamee. or
nore SFCs 1030 to transformdata supplied by trigger

TypiRRIINES i1 @crftaflstt eignIfEed,s SFrils EPRIMHTHdan dort term
i nference engines. Like other EICs, the SFCs enpl oy

Factd R NAId et v igHd At parareiard et dh algorithms as
externalized

well as transformation data may be common or different amongst

SFCs.

Anecdotally, Prepare 1.0 and 2.0 may be data sets, such
as “shopping carts”, supplied by trigger points within
applications transformed by SFCs 1030 into short term facts,
such as “purchase list”, consumable by inference engines.

FIG. 11 is a diagram illustrating example externalizable
conclusion inference components (CCs) in accordance with a
preferred embodiment of the present invention. Trigger points
1110 and two other different types of EICs, EIC engines 1120
and CCs 1130, are shown. Typically, trigger points 1110
consume results from EIC engines 1120 at runtime. Typically,

EIC engines 1120 employ one or more CCs 1130 to transform

results determined by inference engines into data for

-29-



data. Usually in the case of SFCs, the purpose of the
algorithmis to consune trigger point supplied data
w@na4tsgsel transformations to inference engi nePCT/US2002/041156

consunabl e data. Typically, in contrast to LFCs, SFCs

do not keep short term facts thenselves persistently.
conspTRtsHEY Rt i tonl Yo rBIHE as Lidks 1ot r orr® i %%3/

data may be common or_different anpngst SFCs. ,
emp layye Gdoterttigrnariggri & 1Y idrtn Rarafgt el thd P etsternalized

such as "shopping carts", supplied by trigger points
datan tUsiuallappin dehe arrse rahsTRedly BRGE9930E | e

short termfacts, such as "purchase list", consumabl e
algday ilnf dreerioe coggures . tiRlggen pointa glirmyied data and make

illustrating exanpl e externalizable conclusion
t rari gffcemericieorcso npm niemf esr 108 )engil ree corrtanced e tde e .

preferred enbodi nent of the present invention. Trigger
Typip@lilys ikl Idbrand ¢ wo- @thkes didderdntndty pesepfcdhCsysions

El C engi nes 1120 and CCs 1130, are shown. Typically,
thenddlgger pgeoddistdddDy . consaumef gsd i falom B theaginesell as

1120 at runtinme. Typically, EIC engines 1120 enpl oy

trarfd®rfa e GG W3p B domnsd a5 dd esaitdist dehenginedCs .
by i nference engines into data for -29 WO 2004/ 059511

PGHdI2A02 BA L 166 akpnsunptdan Dyo thid9aes @otatsetd| keuch
other EICs, the CCs enploy an externalized al gorithm

as RAIRBUELS |26, bys ext @smalha® by d@ﬁﬁ?gé—i&‘%iﬂté Nwiigin
a

case of SFCs, the purpose of the gorithmis to
app CRUML 4 | 19981 s ROHE g ShpRbd £ Ofd aahel ke term facts,

transformations to inference engi ne consunabl e dat a.
rules, long term facts, and other EIC available resources
processed by inference engines.

FIG. 12 is a diagram illustrating example inference
component management facility (ICMF) interactions in
accordance with a preferred embodiment of the present
invention. An ICMF 1210 and three EICs 1220 are shown. The
ICMF is used to create, retrieve, update, and delete EICs
through an application program interface (API). For example,
using the API a new EIC engine component can be created; or an
existing LFC component can be deleted; or an existing RSC
component can be retrieved to discover its contents; or an

existing RSC can be modified to contain more rules; and so

forth.
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Typically, in contrast to LFCs, CCs do not keep
concl usions thenselves persistently. Transfornmation
wab@enstshns as wel |l as transformati on data nmapChES2002/041156
common or different anmongst CCs. Anecdotally, Arrange
1 Q0 and 2.0 may be data sets, such as "discaqunt
grgh %M&W%ﬁ@g%%ﬂ?% e been described
appllcatlons transforned by CCs 1130 from short term
hereige s.th maferenamda dMf PEIPPARE R KfaEngs, 1t 1s to
avai |l abl e resources processed by inference englnes
be yRdgrsipad Hhati dgramia9aist ratsiRn aatpiethod ekt
conponent managenent facility (I1CVF) interactions in
limigeshbrdandwss threcipefarradinatod mnd Btat hepresengther
invention. An I CVF 1210 and three EICs 1220 are shown.
charfes |G nicslifSieth tions ek be aetffentsd upgteitesin arg one
del ete EICs through an application programinterface
skil(lAR )in Fdre exanptigshoussidepatiel AP £ rromevinE| S epryi oie spirit
conponent can be created; or an existing LFC
of tdwmrpionentitican berldelstcdd;clamass exidtnadl RSGtions are
conmponent can be retrieved to discover its contents;
intedtdea teXdes timgl UREE cairtihen mith fd@spbd oo otlia nvateion as
rules; and so forth. -30 WO 2004/ 059511
def el WS20024 CAddentdedN dlough. the illustrative
enbodi nents have been described herein with reference
to the acconpanying drawings, it is to be understood
that the present systemand nethod is not |imted to
t hose precise enbodi nents, and that various other

changes and nodifications may be affected therein by
one
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skilled in the art without departing fromthe scope or
spirit of the invention. Al such changes and
wor@ihssat i ons are intended to be included w pei/nS100E041156
scope of the invention as defined by the appended
clainms. -31 WD 2004/059511 PCT/ US2002/ 041156 WHAT IS
WHATCEZ| FERTMBD IS:A nethod for depl oyi ng conput er
infrastructure, conprising integrating
corput &r neshadbferc 888l PHiHIaCOFRPEErngnEEpStamCtUre,
wherein the code in conbination with the conputing ,
compsystem isteapabliadofoppptermragdabdentiobyi Agto a computing
i nferenci ng aspects for a program and providing the
systedentwheiredni bher endiengnaspabisagsoni miehepdiengomputing
conponents, wherein the inferencing conponents are
systent esnakpzahbkeof2 pefiformétiyod of claim 1, wherein the
provi ding step includes associating an externalized
alkgenitlipniand iddeaenicting espkcol tfhe Bnfeogreimg and
conmponents. 3., The nethod of claim2, wherein the
dat-aviigistoreed idenpeardiest entferemriyg 4speoestetshod of
claim1, wherein the identified inferencing aspects
infelrlglydg bmpeashtene wkeraitr t@geninfeirehciag shoriorteerta are
fact, an interence rule, an inference engine, a

extethallligapaki abl e mappi ng, a sensor, an effector, a |ong
term fact, and a conclusion. -32

2. The method of claim 1, wherein the providing step
includes associating an externalized algorithm and data with

'

each of the inferencing components.

3. . The method of claim 2, wherein the data is stored in

persistent memory.

4, The méthod of claim 1, wherein the identified
inferencing aspects include at least one of é trigger point, a
short term fact, an inference rule, an inference engine, a
static variable mapping, a sensor, an effector, a long term

fact, and a conclusion.
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WD 2004/ 059511 PCT/ US2002/ 041156 5. The met hod of
claim1l, wherein the inferencing conponents include at
wo e@gHswsne of a trigger point conponent, a ShPCT/USEDI041156
fact component, an inference rule set conponent, an
I nf erence en I ne canmponent, a ppi.n .
cénponéhe, Mg hgéngg g@ﬁﬂoaenw eﬁﬁlgfgg &ﬁiﬁﬁ%&%ﬁﬁ%,
a long termfact conponent, and a conclu5|on
CompéﬁﬁﬁéﬁeﬁP01GdeTﬁ€ rERRGd OB 8 aPmt3 19gRér &1 PEaSRTRPRent
the inferencing conponents i,s one of a consuner of
a shastatproviiacd CHYPRRSRHF ePENCPAGTERRSOREHE &5 GPIREERt
of data provided by an inferencing conpgnent, and a
an ipfeienae eRJLher CORPOPETThe amEtRGd CoMapPane FoMamsher &

conprising the step of associating at |east one
senspri ggepopeinht e eféssited C@W@@ﬁ?@%t/ Wi terngt Beaastiasite
application. 8. The nethod of claim4, wherein trigger
comppoents aogderatensiluisdons gonwonsads| y or
asynchronously. 9. The nethod of claim1, wherein at
| east one of the 1inferencing conponents is a nmaster
i nferenci ng conponent that enploys at | east one other
i Bf.er eThienettidovgntclalith 2Therheetehiod esfciclcl mik
wherein at | east one of the inferencing conponents
infeelPlcayg aompahentrciing ceargiofea RAANR200F GBSl brovided
PCT/ US2002/ 041156 11. The method of claim 1, wherein
by a@l ih€asinenecoicdi@ndmi, erertippd ieanpdnekits igrovided by an
organi zed into at | east one inferencing subconponent.
inferencing component, and a combination thereof.

7. The method of claim 1, further comprising the step
of associating at least one trigger point inferencing

component with at least one application.

8. The method of claim 4, wherein trigger points

operate either synchronously or asynchronously.
9. 'The method of claim 1, wherein at least one of the
inferencing components is a master inferencing component that

employs at least one other inferencing component.

10. The method of claim 1, wherein at least one of the

inferencing components employs an inferencing engine.
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12. The method of claim 11, wherein the organization
is one of an array, a collection, a hashtable, an
WO e@raswsr, a |ist, a partition, a set, a stacRCT/HS2002/041156
tree, a vector, and a conbination thereof. 13. The
net hod of claim n_at_ | east_on
|ﬁ%ereﬁ@?n@eEBﬁﬂoﬁgnFiaFQ &0nﬁ%§§818f gtgﬁgggtogﬁeOf the

i nf erenci ng subcongonent tg E of cIa|n113
infeygRFénE FRBPOBRPSS] ?oﬂraénlaﬁé aPtSn §9°
collection, a hashtable, an iterator, a Ilst a

lnfeﬁ@ﬁ?FﬂgoﬁUb§O§@Pneﬁt3tack a tree, a vector, and a
conbi nation thereof. 15. The nethod of claim 2,
wherein each of the inferencing conponents has at
| east one of an unique identifier, an intention, a
nafe, Fheomathod, of FéR4Er 1la wherein be sydemdzatden is
a priority, a classification, a reference, a
one déseni ptirey, a tpﬂﬂﬁgtn@@ataohasﬁtﬁbﬁﬁmganpaﬁéﬁéﬁéﬂ a
and initialization paraneter, an inplenentor, a ready
listf| agpaandtioes BoERtdabastagk, W 20€4/,0895ector, and a
PCT/ US2002/ 041156 16. The nethod of claim 1, wherein
combahakeasat thweeeoft .t he i nferenci ng conponents is shared
by reference wth at |east one other inferencing
conponent. 17. The nethod of claim 2, wherein at | east
one of the algorithnms performat |east one of
i nker emeiengetorigoRENcl adeat, i ehe reife mendieag tc omgorentthe
retrieval, inferencing

inferencing components is composed of at least one inferencing

subcomponent.

14. The method of claim 13, wherein the composition is
one of an array, a collection, a hashtable, an iterator, a
list, a partition, a set, a stack, a tree, a vector, and a

combination thereof.

15. The method of claim 2, wherein each of the
inferencing components has at least one of an unique
identifier, an intention, a name, a location, a folder, a
start time, an end time, a priority, a classification, a
reference, a description, a firing location, a firing
parameter, and initialization parameter, an implementor, a

ready flag, and free form data.
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conmponent update, and inferencing conponent del etion.
18. The nmethod of claim2, wherein at |east one of the
wa@bk@anseshs i s shared by a plurality of inferePCl/ng2002/041156
conmponents. 19. The nethod of 2, wherein each of the
algorithnms is_one of an execute trigger point
alGor i e methedyof (9?3 m Hgdheedn &4 dignfarope ©f the
. _algorithm a filter data algorithm a trans|late data
infegegeriinch momposessse Hsy sbiraes v aaiayemgyoritth@t deast
choose randomy algorithm a choose round robin
one gitger tlwheramdimce CONPOTERGi -ne pre- processor, and
i nference engine post-processor, an inference engi ne
| auncher, a receive data algorithm a send data
algorithm a store data algorithm and a fetch data
allgor i tthma meGhothefnetlladd & oftwinail athdresiat tdne of the
providing step uses an inference conponent nmanagenent
algofractinmst petrd catmiand dteerst 3% WD 20041658511y component
PCT/ US2002/ 041156 i nferenci ng conponents, the
creaadminni Strfatdeart iinec ladtipemendp ereatriiens 1,0 iarfesatesncing
retrieve, update, and delete. 21. The nethod of claim
compbnetftergidatas, @b tinmee eafc e cdnpfeereantcidegl exainponent s
I's conposed of a plurality of inferencing
subconponents. 22. The nethod of claim 21, wherein the
conmposition occurs one of statically, dynam cally,
ang .a qoiRatHRN oft karef .2 23hekhe meithak 06t dad ME the
21, wherein the conposition occurs using an inference

algcrQMReRents MRAgReR f &fidddlity of inferencing components.

19. The method of 2, wherein each of the algorithms is
one of an execute trigger point algorithm, a return data
algorithm, a join data algorithm, a filter data algorithm, a
translate data algorithm, a choose by classification
algorithm, a choose randoﬁly algorithm, a choose round robin
algorithm, an inference engine pre-processor, and inference
engine post-processor, an inference engine launcher, a receive
data algorithm, a send data algorithm, a store data algorithm,

and a fetch data algorithm.

20. The method of claim 1, wherein the providing step

useg an inference component management facility to administer
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24. A systemfor providing externalized business
| ogic, conprising: an identification conponent
waeomiiogpsied to identify at | east one point of PCT/US2002/041156
variability within an application progranmi and an
. _externalization conponent éﬁﬂ',providing the identified
infepencdag camPPHHES of t R EH SR &6 4! e%aczlr 9 ed

busi ness logic, the externalized business quic
ete.

opexnatdardi (7 & ea e eredici IRy CoRirdif., amgb
2004/ 059511 PCT/ US2002/ 041156 25. The system of cl aim
24, wherein the inferencing conponent includes an
externalized al gorithmand data. 26. The system of
cl2di.m Zhe mathmt dhotladimg a whistrssinstadntl eagiporgne of the
conmponent configured to persistently store the data.
infe¥Enciltg systemeaft | mauposad tdfera imichuall ¥y ant
execution conponent for executing the externalized
infedeguririchmubesimmgpragntiseast one virtual machine. 28. The
system of claim 24, wherein the inferencing conponent
is conposed of a plurality of inferencing
subconponents. 29. The system of cl.aim 28, wherein the
CATPOSITHeO Me tAoRUresE dylsaim cal | whedfk 1 mThehes yshepwoftion
claim 28, wherein the conposition occurs statically.
occurs one of statically, dynamically, and a combination

thereof.

23. The method of claim 21, wherein the composition

occurs using an inference component management facility.

24. A systemfor providing externalized business logic,
comprising:

an identification component configured to identify at
least one point of variability within an application program;
and

an externalization component for providing the identified
at least one point of variability with externalized business
logic, the externalized business logic including an

inferencing component.
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31. The system of claim 28, wherein the conposition
occurs in part dynamcally and the renai nder

wabt@wiossl y. -37 WO 2004/ 059511 PCT/ US2002/ 04rA 5652082041156
The system of cl ai m 24, mherein the identified at

st oi nt of wvar, abilj ncludes at | east one
o? ?F%S%@S%rf i © Jﬁl%& t‘@?%ﬁeriarct he i n e miae

, i nf erence tatlc varlable napplng,
oMt S TS o AL TR s, (IR BT B AR LA

concl usion. 33. A program storage deV|ce readabl e by a
machi ne, tangi bly enbodyi ng a program of instructions
executable on the machine to performnethod steps for
metagi g Syhe iafy Cé‘falm rffer dveitite e dipoineshing & he
nmet hod steps conprisin i dentifying inferencing
Persigieitts HPlomy SRRORen tasen Vit A e d iddremnitledstore
i nferenci ng aspects as inferencing conmponents,
the @Résein the inferencing conponents are
externalizable. -38

27. The system of claim 24, further including an
execution component for executing the externalized algorithm

using at least one virtual machine.
28. The system of claim 24, wherein the inferencing
component is composed of a plurality of inferencing

subcomponents.

29. The gystem of claim 28, wherein the composition

occurs dynamically.

30. The system of claim 28, wherein the composition

occurs statically.

31. The system of claim 28, wherein the composition

occurs in part dynamically and the remainder statically.
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32. The system of claim 24, wherein the identified at
least one point of variability includes at least one of a
trigger point, a short term fact, an inference rule, an
inference engine, a static variable mapping, a sensor, an

effector, a long term fact, and a conclusion.

33. A program storage device readable by a machine,
tangibly embodyihg a program of instructions executable on the
machine to perform method steps for managing a plurality of
inferencing components, the method steps comprising:

identifying inferencing aspects for a program; and

providing the identified inferencing aspects as

inferencing components, wherein the inferencing components are

externalizable.
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