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diagnoses for the patient.” ‘A typical ‘expert systém includes a rulebase, or a set of

10 rules, that embody the logic used by the expert system. A typical expert system also
includes an inference engine. The inference engine typically executes the rules to
analyze a set of inputs, such as the symptoms suffered by a patient. When executing
the rules, the inference engine typically attempts to assign values to a set of output
values. The output values represent the conclusions of the inference engine.
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SUMMARY

The present disclosure provides a system and method for providing
inferencing services. In particular, an inference engine may be used in conjunction
with flexible interfaces, such as Application Program Interfaces (APIs). A user or

20  application may invoke the inference engine to use an identified rulebase and perform
inferencing operations. The rulebase may be defined using eXtensible Markup
Language (XML). The inference engine may then execute the rules for a specified
domain in the identified rulebase and return the results of the inferencing to the
invoking user or application.

25 In one embodiment, a method for providing inferencing services includes
receiving a plurality of rules for a specified domain. The method also includes
identifying at least one precondition associated with the rules and at least one

postcondition associated with the rules. Each precondition represents an input used in



executing the rules, and each postcondition represents an output fromthe
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to the field that caused the rule to pend and unpending the rule. In addition, the

method includes restarting execution of the rule at the identified binary statement.
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BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of this disclosure, reference is now made
to the following descriptions, taken in conjunction with the accompanying drawings,
in which:
25 FIGURE 1 is an exemplary block diagram illustrating an example system for

providing inferencing services according to one embodiment of this disclosure;
FIGURE 2 is an exemplary block diagram illustrating another example system
for providing inferencing services according to one embodiment of this disclosure;
FIGURE 3 is an exemplary block diagram illustrating yet another example
30  system for providing inferencing services according to one embodiment of this
disclosure;
FIGURE 4 is an exemplary block diagram illustrating an example rulebase

architecture according to one embodiment of this disclosure;



3 ---- ---- FIGURES 5A and 5B are exenplary block diagrans illustrating
exanpl e rul ebase builders according to one enbodi nent of this disclosure;
FI GURES 6wW0 08B9016C- 1 and 6C-2 are exenpl ary bl ock di agr an®cCiriusesi2oat i ng
exanpl e i nference engi nes according td one enbodi ment of this di-sclosure; 5
FIGURE 7 is an exenplary block diagramillustrating an exanple core
application according to one enbodi nent of this disclosure; FIGJRE 8 is an
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FIGURE 13 is an exemplary flow diagram illustrating an example method for

rulebase building according to one embodiment of this disclosure; and
20 FIGURE 14 is an exemplary flow diagram illustrating an example method for

merging rulebase components according to one embodiment of this disclosure.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
FIGURE 1 is an exemplary block diagram illustrating an example

25  system 100 for providing inferencing services according to one embodiment of this
disclosure. In the illustrated embodiment, system 100 includes a server 102, a
database 104, a network 106, and one or more clients 108.

In one aspect of operation, server 102 may include a rulebase builder 110 and
an inference engine 112. Rulebase builder 110 supports the creation and modification

30  of one or more rulebases 114. A rulebase 114 includes rules 116 that embody logic
used by inference engine 112 to perform inferencing operations. For example, a
rulebase 114 may define how to analyze a patient’s symptoms and identify possible

diagnoses for the patient. Inference engine 112 may perform inferencing operations
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20  may use any of a variety of data structures, arrangements, and compilations to store

and facilitate retrieval of information.

Network 106 is coupled to server 102 and clients 108. Network 106 facilitates
communication between components of system 100. Network 106 may, for example,
communicate Internet Protocol (IP) packets, frame relay frames, Asynchronous

25  Transfer Mode (ATM) cells, or other suitable information between network addresses.
Network 106 may include one or more local area networks (LANS), metropolitan area
networks (MANSs), wide area networks (WANS), all or a portion of a global network
such as the Internet, or any other communication system or systems at one or more
locations.

30 Clients 108 are coupled to network 106. Client 108 may perform any of a
variety of functions in system 100. For example, a client 108 could include a client
application 122 that can invoke the functionality of rulebase builder 110 and inference

engine 112 in server 102. As a particular example, client application 122 could cause
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20 122. If a second client application 122 attempts to invoke rulebase builder 110 or
inference engine 112, a separate instance may be created for the second client
application 122. Similarly, if the first client application 122 uses multiple threads and
invokes rulebase builder 110 or inference engine 112 on each thread, separate
instances can be instantiated for each thread. This allows server 102 to provide
25 rulebase building and inferencing functionality to multiple clients 108 and on multiple
threads at the same time. In other embodiments, server 102 need not create instances
for each client application 122 or thread. In addition, in the following description,
rulebase builder 110 and inference engine 112 may be described as performing
particular functions. This description includes situations where the particular

30  functions are performed by rulebase builder instances or inference engine instances.
Rulebase builder 110 facilitates the creation, modification, and deletion of
rulebases 114 in system 100. A rulebase 114 defines one or more rules 116 used by

inference engine 112 to perform inferencing functions in system 100. For example, a
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20 rulebase builder 110 may combine a set of rules 116, rulesets 130, and rulebases 114

into a single rulebase 114. Rulebase builder 110 could also parse the resulting
consolidated rulebase 114 to help ensure completeness and consistency between the
rules 116. As a particular example, different development teams may separately
create different rules 116, rulebases 114, or rulesets 130, and rulebase builder 110
25 could merge the various components into a single rulebase 114. As another example,
one development team could create a set of data objects, while another development
team could create a set of logic objects that process the data objects. Rulebase builder

110 could then merge the data and logic objects into a rulebase 114.
The various rulebase components being merged into a consolidated rulebase
30 114 could exist in several forms. For example, a rulebase 114 being merged could
exist as an uncompiled, source rulebase 114 or a compiled, binary rulebase 114, The
use of binary rulebases 114 could allow third party vendors to create binary rulebases

114 that can be marketed and sold to customers. Because the rulebases 114 are in



use of binary rul ebases 114 could allow third party vendors to create
bi nary rul ebases 114 that can be narketed and sold to custoners. Because
t he rul ebaoas/odmd4 are in WO 03/ 090164 PCT/ US03/ 12071 7 - PCT/Us0s1&aoy1 f or m
the actual contents of the rul ebases 114 nay be protected to-a greater
degree. A custoner obtaining the binary rul ebase 114 could sinply nerge it
with other rul ebases 114. The custoner need not have access to the actual

rules 116 Wioapifognt the dotuabcontents elfaiseruldsess] Runapasepbidoledad al4Qatwt SO
converts va¥ ous éul ebased%oag@oneﬂt .into a standard format. For exanple,
rul ebases 1%&%n Sy USOMCT Rotatyns dhs, fiparsaridedmase 14 spuldssimplamergeoit vaith such

as the Rul eytgfiibhéN 14angy; ' I ' i L0 22.1equests
that rul ebase builder 110 crggﬁgﬂogl%%ﬁg%ln%g%{éﬁg%clfggg%s@ea%%&ua}?fglgﬁe
conponent Hauning the kihfrfyenkehaseflddmat , rul ebase builder 110 coul d convert and

refornmat: 10 t he onent.. i ntq.the standard format., Rul ebase buil der 110
coul d tEen generlgl{q%rg)atgﬁgbmlg(%s@pi P PV S FAE RS Tuebase neprapruepist Bitorea t ed

conponent . sfdndsrdnfoymatl | oY dksfhk, F@lebadbd | &4 [ RRAS 980 Lddd r her
than the standard fornmat usedﬁ)by rul ebase bui}l%der 1%&% Vlre(r%f&e%@ltcglt engi ne

112. Rul ebas@dgdiforest, such asiihe Rale Refipiiorebangyage in KiMlebHsdmni dpblicaticar eat e

bi nary 15 0yl S n..exa e, rul ebase build 110 coul d conpile

a source ru Inglgg%iﬁlt{%tl ﬁ’lel?l e ulllﬁeraﬂﬂi@i_ea@o% ﬁﬂléﬁ‘?ﬁldf‘tﬁgtmg%ﬁﬁeo Ik usBEthe Rul e

Def i ni ti on chapgnegaaviAg a différesiuiorma rildsCRaRict 81 86hid btk RbasE Brikhgder 110
rul ebase 114, which inference engine 112

creat ezoa l% nary version of the i

may use’to ?Wéqw?ﬂﬂ@rt@ﬁéﬁaﬁ@af@)ﬁ@iw-i Bulsbase buitger! § 19oald thee gerseatd te coul d
help to in h O i-Cl of 20 inference engine 112, and
't Goul d Al hel et FURBE L AR R aGlERE e pdienl  TER IS HEW kB 1y

sur roundi ngvritheilehaseshbiglein ffhvinatfothes than ftid stahdefd foaiwat k@ byahicBiMRldke

mer ged | ntgle C‘@’E&Ol i dat ed I’Li| ebase 114 defined by the Rule Definition
Language s Q&SEITBAE B8Msw12Rul ebase buil der 110 coul d i ncl ude any

hardware, Sof t WRiisbald BEWERE 910 Y ohRRL SALOREHREL 014 OPELARI 8 L0 create

and mai ntain rul ebases 114. For exanpl e, ase C
i ncl ud&s onaulghaserol et sb$ emaxamploutulebase uikienit Bl cbyld cprpile sotrck 2dlebiéanpl e

descri bed BeF SsiiiRES &L ‘ohGmivy o sSn b e S0rDeon dcewge. As
functi onal atrigsudf of €lie/ @ompllation, FMlcbie BHRRPN%0 drBHE! 8NGiGas 98 LrimTBY
access one qQr, nore rul ebases 114 and identify
rulebase 114, which inference engine 112 may use to perform inferencing operations.
Compiling a rulebase 114 could help to increase the operational efficiency of
20  inference engine 112, and it could also help to protect the privacy of and increase the
security surrounding the rulebase 114. A description of how information may be
merged into a consolidated rulebase 114 defined by the Rule Definition Language is
described below.
Rulebase builder 110 could include any hardware, software, firmware, or
25  combination thereof operable to create and maintain rulebases 114. For example,
rulebase builder 110 could include one or more software routines executed by
processor 124. Example embodiments of rulebase builders are shown in FIGURES
5A and 5B, which are described below.
Inference engine 112 implements the inferencing functionality of server 102.
30  For example, inference engine 112 may access one or more rulebases 114 and identify
rules 116 to be used. Inference engine 112 may also receive input values from client
application 122 and execute the rules 116 using the inputs. In this document, the term

“execute” refers at a minimum to inference engine 112 examining at least a portion of



rules 116 to be used. Inference engine 112 may al so receive input val ues
fromclient application 122 and execute the rules 116 using the inputs. In
t hi s docuwerB/otihe term "execute" refers at a mni num t o PCAfEO®MOE1 engi ne
112 exam ning at | east a portion of W® 03/090164 PCT/US03/12071 8 a rule
116 to determ ne whether an action in the rule 116 should be perforned.

I nference engine 112 may then return the results of the inferencing

oper at i ons & wule dllbetot detpphine atlictirer l22action @Ntceniodil aRbuldt B pifd@fdl 16
used by |m:ﬁffence en%ﬁ ﬁ}?llZ contain or, 5 otherw se refer to attrl but es or
fields. eGP {WERWotv? B dBFR delymy, heussulisgt Hie Inferaeing Ppewmtiges tknown
fields" thafiegpdpplicdtibn@ooknown state,” while fields wth unknown or

undefi ned val ues” may be referred to as "unknown fields" that exist in an
"unknown st at e.Itt oDerdmippdimeet ﬁrmruirg;,l]&wﬁ&ddr;cmfen&g'cmeng;ﬂ@ lugesntail 65 116

to t k t Id 10 I n_one aspect of
oger;%/l 0 a%%‘r"%?sgﬁg é%&f/tﬁéutgiﬁf t;l %é‘\?,igﬁ SOF"‘{H%"S defined; vl ueglﬁmaé’bl%%e 114
and fire, frafetred @ asr&dwhtRldBs ekikbin d ﬂ&l%%%ﬁ?l i 1%%?]&&'32%{1 WhRw "yl e

116 when it exanmines a premise in the rule 116 e premse is
true, and %@ﬁ@@mﬁ valiea oty e refoedl fa e unknave fields’ thit 6xist infaar‘enlapvangi ne

112 "fails” ¥ i t._exam nes t in the rule 116, finds
that the pr e?ﬁe steﬂllﬁls Jgglgf %l H]firg gl lg&sgse?’?%ﬁﬁﬁttﬂéwere@?%rm fied
in the rul elaﬁl]aﬁtomjmevvﬁm‘dﬂsengl ne 112 "pends" a rule 116 when it exam nes

the premise in the rule 116 and determnes that the prem se cannot be
resol vell as ei t HePne ppecint gpsratien, nfirencaepgive d U2 nwiyesxamiiee ﬂlﬁemﬂﬁsél6 innvol ves

a field th e ine 112 at er terrpt
to fire o?ﬁlf%? l?ﬁéﬂg?r%%:%’ rﬁé%diﬁ%tuﬁs ’1% Iﬁgeg?ricgleé}g’ingqgés ed r& S%nown
val ue. 20 |1rh6evlmnaEemgmaeaJplanmaynml&mmqel@rﬁﬁmlthhtpih@ prthateghas, idd
execute the rules 116 in é(gﬁh&%se 114. In one enbodi ment, inference

engi ne 112 Sﬁ‘brﬁﬁratt’saclt‘(?f“ﬁ&?‘aﬁ il 14Ad E@é@&%ﬁag@hdrlﬂr“ﬁgls prolgl S 116 in
it et ng e i SRARRGS the bR fir tpal) 8 A e IEAENS BERH®, 127

attenpting to rraxrmzethe nu dsin e Tu 114
that alé plr%f@@d t¢ perforian theracsibmspecified ihdhowadd 1 26 hifaientaghginef 1r grags engi ne

112 fi det whi | | ved t k
siate s altrByFI0 BhefE ERRE 5F Arebe e g 16 2o i 6ht e any

pending ru Fﬁ&léel@nﬁﬂﬂbéjﬁts@l"v% B€Sithd: b OF $a1RE Ny Qn{f&é%ﬁr Whén coe

fired or ailed. Inference engine 112 continues this process nti
i nference ENghsea field hahinstan unknewpyalfiai Infermycenangier Likanayl héer atterapieout e any

pending rukes, 108 me pending rule 116 after the field is assigned a known value.

20 Inference engine 112 may use one or multiple strategies to execute the rules
116 in a rulebase 114. In one embodiment, inference engine 112 supports forward-
chaining and backward-chaining of rules 116 in rulebase 114. In general, forward-
chaining involves inference engine 112 attempting to maximize the number of
unknown fields in the rulebase 114 that are placed in a known state. In forward-

25  chaining, inference engine 112 fires a rule 116 and determines which fields are
resolved to a known state as a result of the firing. Inference engine 112 then revisits
any pending rules 116 and determines if those pending rules 116 can now be fired or
failed. Inference engine 112 continues this process until inference engine 112 cannot
fire or fail any more rules 116 or execute any pending rules 116.

30 Backward-chaining generally involves inference engine 112 attempting to
resolve a primary goal, such as determining whether certain preconditions warrant a
particular outcome or resolve an identified field. Inference engine 112 initially visits

rules 116 that could potentially resolve the identified goal. If a rule 116 pends



30 Backwar d-chai ning generally involves inference engine 112 attenpting to
resolve a primary goal, such as determ ning whether certain preconditions
war r ant awomafpdileul ar out come or resolve an identified fi @ca/uSosimrence
engine 112 initially visits rules 116 that could potentially resolve the
identified goal. If a rule 116 pends WO 03/090164 PCT/US03/ 12071 9 because
of an unknown field, inference engine 112 adds the unknown field to a |ist
of secondaregagoalf an uhkfiierefickd, ﬁmgmneeh@&euhemd&éﬁk&@kﬁ@&ﬁﬁe@l@aﬂﬁ@beOU|d

potentlally ol ve any of the primary or secondary goals. Inference
engi ne 112 88%%@9’g%afh%EP“3W86@§@cdﬂgﬂhﬂ%W§“§ﬂPWﬁﬂJ6g@@ﬂCm%dpégﬁﬁ@éd or
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i nferenci ng operat’i ons, |nference engrn 12 execut e

rul ebase 1mocels$1u@tm1ether1mmaryrgnal is réselved de thdre avwhne mokrd enledil BSthafl Gandlbee
executeg d%&g q% at least in part, on a priority associated with the rules
116. As” desctibed above, rules 116 may reside within rulesets 130, and the
rul esets 130 nmayn PRriHAkin %Qhé’\iﬂf&'eﬁblﬂ@eﬁérﬂt%nj@ﬁﬂer%@ erfyifd lﬁnéxe Bl Lgadion
122 identifies a domain I31 to be used during inferéncing, inference

engi ne 112 116482 rHebasaddAdi I ereembediment, Shaaﬁierannﬁ}ac]m&hb ruled had agtomai n

131 into f e engine 112 then en hat, t rul es 116
cont ai nednﬁgp{%edlé%enhp a(ié%&gr% Blgd%nr B Pﬁﬁoﬁ’@ thé]ti‘? ey ﬁﬁtﬁs Af t er
that, inf erdemnbeeragom il 164 eytreddd Wethinthessed1Bol Qn@ﬁﬂa%le@éts 4BGia

priori | n, one enbodi ment, inference engine 112 enforces nonotonic

reasonltlﬁ \Rﬁé@?w Binsdompaing 13 It Wihema chent gpelieation 122 idtntidies nidomairabiinion
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assunmes t hat ,sa fired il ed ruI e due
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conpromn se bec use results

20 | nf erengqéat l(i?foﬂﬁ‘weéégg@t ofpaith L3 preeqrdersd gegaiding go t@mmmy arule
prem se. | fAfiet ’fh%@ ihfefdiide SnMiat Y82 SHRSEIHRHhleY l‘f A\ %tttﬁglr Fence engine
may treat this as a nonotonic reasoning violation an R g user of
this vildl ati on. IFpe¢ embedimehe infefence @girteol 12sendortés mehotoaicuesbohing vehenbecause
the field not chan e after being assigned an initial vaI ue.
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that may chﬁagﬁcena{gynd i IBas fiRE HIBIQN a FilORAe YahURdd fv%%dﬁl Y@ 0§ amef ul .

for exanple, when counters are needed in a rulebase Xs a par Icul ar
exanpl e, astowldpelske altered duieg suhseqveat imfeyemning; m‘therwudeeuﬁthsndﬁ@ mtegrdyeach

rul eset 1391219%' &n%%&'iﬁhn-ebevgn&ste 1elufd 1’}‘12%)/( Peaf}/ec{ the ac%fons 0 coni?lctmg rules.

20  Inference engine 112 may detect when a field’s value is tested by a rule premise. If

that field’s value subsequently changes, the inference engine may treat this as a
monotonic reasoning violation and warn the user of this violation.

Fields may be referred to as a “first-valued field” because the field’s value

may not change after being assigned an initial value. Other fields may be called

25  “final-valued fields,” which have values that may change many times. The use of

final-valued fields may be useful, for example, when counters are needed in a

rulebase 114. As a particular example, a rulebase 114 could include a group of

rulesets 130, and each ruleset 130 could determine whether a taxpayer is allowed to

claim a certain tax exemption. The rulebase 114 could also include a counter that

30  keeps track of the number of exemptions the taxpayer is allowed to claim. As

inference engine 112 executes each ruleset 130, the counter could be incremented if

the taxpayer qualifies for an exemption. In this example, the useful value of the



claima certain tax exenption. The rul ebase 114 could al so include a
counter that 30 keeps track of the nunber of exenptions the taxpayer is

al | oned twoaBapim4 As i nference engine 112 executes each rarases/12030, the
counter could be increnented if the Waxpayer qualifies for an exenption.
In this exanple, the useful value of the WO 03/090164 PCT/US03/12071 10
counter is not known until all of the rulesets 130 have been executed, and
i nference @ngiends 8dPkmowl dntilndl efbatuledess TIUAEES bR MK ebUtHE Sind THRrence

di stinction _bet n first-valued fields and final-valued fields nmay affect
the order i?lgw?:,\@ CIQH} cregentihg caYHR Y @08 ng i nferencing. For exanpl e,
a large 5 nunb isfi ) J fi nal - val ued
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Re'tJ ur ni % %@‘nﬁtﬁeg °¥ E%g%;(gérfﬁuﬂg CI“IFJffgS rﬂé%v}‘?é‘lf%ﬂ%? h@allﬁaiu@o@?lé~ peferones erging o pend
any rules 16 mbabeaalablel @t Lret brefatiaxAfe 906 it Vusb & ﬁﬁﬁ%ﬁ{ed%%& ll'l? 21114 10

rul esets 130 deal i ng wi th the nunber of exenptions are execute erence
engi ne 112 Reisq vafiball ofifisortestlne thas ol changs thewnlualofithd fisalvabied field ebases

114, and r S & tal rul ebasg 114 represents_a rul ebase
that can bg{agig)gélll %’%%%‘éﬁﬁf i %ﬁ [ :%?Op%entﬁ?fxwpgb &°199 RRine ,@2 iCArE Rhci ng.
For  exanplfercedno ipesdiaay edles 0P aRY cslouthid ha\tHed ofddNByf ﬂlerﬁkn}gagézﬁtﬁ]ﬁl

establ i.shed i 5 _corporate headquarters, and each bra Ice could
have a @upﬂ?g\ﬁ/eéﬁﬁgq c]fc?q],qngly\ggbthe pymbefeiickemptionsgas expsiiedi es. To use a

suppl enental ruligRasg .o e i 2 could receiye and.load the
primary rul ebase 114 Fﬁglnﬁefr}ﬁzréﬁﬁgl.sg%g#@% va\fet%ﬁen&uwpkﬁ?{qﬁﬁﬂgﬁg%@ 114
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orimary rulL88 Qe ysethin 20ditap 8 A REIATY gilgbnss ol 11 duning inforcneingi aFaerhe
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A suppl emsr%? gﬁgrrﬁlﬁég%c gp‘ilﬂesc 4§e ﬁf‘i’“}%ﬂl%e‘%gl r&@éﬁﬁ Hite infienss ensinerilar ent
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20 between a primary rulebase 114 and a supplemental rulebase 114 may occur via the

supplemental rulebase’s pre-conditions and post-conditions. In a particular

embodiment, a supplemental rulebase 114 may not directly reference any objects in

the primary rulebase 114, which may help to insulate the primary rulebase 114 against

possible “rogue” supplemental rulebases 114. A supplemental rulebase 114 could

25  also be associated with a different inference engine instance than is the primary

rulebase 114. In this example, the primary rulebase 114 could act as an “application”

driving the supplemental rulebase 114. From the perspective of the supplemental

rulebase 114, the primary rulebase 114 may be indistinguishable from an application.

A primary rulebase 114 could load one or multiple supplemental rulebases 114, and

30 each supplemental rulebase 114 could then Iload one or multiple additional
supplemental rulebases 114.

Inference engine 112 could also support serialized mnferencing and sub-

inferencing. In serialized inferencing, inference engine 112 performs inferencing



A primary rul ebase 114 could | oad one or nultiple supplenmental rul ebases
114, and 30 each suppl enental rul ebase '114 could then |oad one or nmultiple
addi ti onawo osioppabenent al rul ebases 114. I nference engi ne PCI/usoui®78l so
support serialized inferencing and subd- inferencing. In serialized

i nferencing, inference engine 112 perfornms inferencing WO 03/090164

PCT/ US03/ 12071 11 operations using a first domain 131 and produces a set
of output vepaeiions|using efice doengh D] 3P prdtebess 86t shARBuOHIRE! MALRS as
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cal cul at es This mayhecuschletyr isyample, wherpthy dirsthioaedn 081 thleuBies ey mefber of

exenpti ons. Ub-inferencin i,nference engine 112 perforns inferencing
oper at i %s %xlse i ﬁglldgsfl ??‘?Pyﬁd%ﬁﬁleﬁéﬂ}’ecawa: “&fggéﬁcoﬁﬁéomlfbbﬂloﬁbuaaﬁesﬂhe first
domai n 131 tawmys owstbbe tHehesARE baddd bE ithd &C&ﬂ% | n inthen. t hat
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pe][ forns i rfflgﬁ_r@’f?éier’i’@“@pblrzamffr&m;> isferegcingeopsetionsl usiﬁgai ﬂrsﬂagm?jiﬁhpag, a;ti(:i% .

i nference [ : S er enci usi ng. t he second domain :

i nference %g%gﬁgéﬁfgﬁrg@hfgﬁu@ﬂﬁp TYE; qu?%‘/el Vg}(ggnfawpg ugmg a sgeand

execut i on cfondine 181l eWhbd Ghatl fuld 186 SeER iHIRFRALE chSthe "Ry MARCRR Lubep 116

in the firsi domajn, ich inference engine 112 exXecutes upon returning to
the firdt d%’ﬁﬁ‘ n?%g?Lr}c\{g‘?}"%qrﬁ’fséF@F?@@né@QPliﬁéOllSlQSH@thledetomil deerim 1. h@ncsvar e,

sof tware, fihfPORE @ngidk llgl 2 gf&ésj Bﬁergmré{?%Egﬁ%z)?ﬁ%&dthg@; rmone or nore

i nf erenci ng operati ons. ence engi [erepeRs| ude
one or nor éngoetlidmeay witiriessing Xiecfitsedorhyini3oc EResxcdidtbn FABORLS 116

enbodi rrentgna{:e |enf%[§nce. elr}gl ne 112 are shown in FlI GURES 6A t hrough 6C,

whi ch are desthiEeY pePEw. 12 dnapounrsad rilesi ¥ wokmiiistclomain vétiwederentd ent
appl i cat i orngide 12Pex&dikRRASE retiinid S'ihé'frg . e builder 110 may i ncl ude
or otherw se be _associ atglg wir? h ar%Gl App |E%(§I%{%lﬁq§?bgr amlInterface (API)

118. Sildi | arly, Inference rvginenyl heould 2ingiage anychardear) softhefaMiEfivRee, or

associ at ed . I 0. ARls 118 .120 may allow cljent application 122
to i nvoke fﬁ@’?‘&ﬁg? ﬁ@ﬁrse% fORTiblH 4R P e 19 mapre 1Hetsneing eonsrasions. 25
112. For ekdimhes enpinent]2ap@iliCati &Ambi? QUL o r ) ui | der
110 to rrerge t\go rul ebases 114 by su%pl yli ng tﬁggi efrﬁlltgl}e‘t éwgghrguﬁmsebases
114 to rul EHEEEdLbY IRFegessor1 124 hdsagbleAPmbodigentsnof isferdnbarengaanEn, al i ent

appl i cat i oghok?inCef IR ESYRKfirculf 6C, which are described below.

20 To facilitate communication between client application 122 and rulebase

builder 110, rulebase builder 110 may include or otherwise be associated with an
Application Program Interface (API) 118. Similarly, inference engine 112 may
include or otherwise be associated with an API 120. APIs 118, 120 may allow client
application 122 to invoke the functions of rulebase builder 110 and inference engine

25 112. For example, client application 122 could instruct rulebase builder 110 to merge
two rulebases 114 by supplying the identity of the rulebases 114 to rulebase builder
110 through API 118. In a similar manner, client application 122 could invoke the
inference function of inference engine 112 by supplying the identity of a rulebase 114
and the input values to inference engine 112 through API 120.

30 In a particular embodiment, rulebase builder 110 could be associated with a
stateless API 118, a stateful API 118, or both. Similarly, inference engine 112 could
be associated with a stateless API 120, a stateful API 120, or both. Stateful APIs 118,

120 may retain session-oriented state information involving client applications 122



i nference function of inference engine 112 by supplying the identity of a
rul ebase 114 and the input values to inference engine 112 through APl 120.
30 In a paotsouiiss enbodi nent, rul ebase buil der 110 coul dPoa/eymorat ed
with a stateless APl 118, a stateful12APl 118, or both. Sinmilarly,

i nference engine 112 could be associated with a stateless APl 120, a
stateful API 120, or both. Stateful APIs 118, 120 may retain
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provi de addi g onal functl onal i ty to a client application accessi ng
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i nf eregﬁ This could allo for _ exanple, server 102 to notify client

applic eysh Rel? OFtidies Catl@a‘fl‘isel dm‘&pﬁe% caagly rulEEaSEhbulkhr | lH8cks coul d
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initialize precondition valUues or ot
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particul ar r during "l ast chance processing." During

i nf er enci ng% ]T%eP%rx?fre?(l;%ﬁ%%ﬂ%g'léli?nﬁﬁyplﬁ'@u%égpewb@ elmsee te fieldf valuerci ng
because a bta@lrd has an unknown 20 val ue that cannot be resol ved. \Wen that
occurs, _inference engine 112 could ask «client application 122 to provide a
val ue #dr the umhﬁ@@ﬂbafcképwld alsocllo‘em'ervapﬂ)ﬂ)z waddfme m&RAspyidvh s@sert T2 val ue,
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20 value that cannot be resolved. When that occurs, inference engine 112 could ask
client application 122 to provide a value for the unknown field. If client application
122 provides the value, inference engine 112 may be able to continue or complete the
inferencing operations. In another embodiment, rulebase 114 could provide a last
chance value for use during last chance processing. In this embodiment, inference

25  engine 112 uses the last chance value for a field when inference engine 112 is unable
to resolve the field’s value during inferencing. A combination of these approaches
could also be used, such as when inference engine 112 requests a first value from
client application 122 and uses a second value from rulebase 114 when client
application 122 fails to provide the first value.

30 Tools 128 assist in the development and maintenance of rulebases 114 in
system 100. For example, rule editors 132 assist users in creating rules 116. A rule
editor 132 could allow a user to create and edit rules 116. As a particular example,

rule editor 132 could allow a user to create XML documents that contain rules 116,



could al so be used, such as when inference engine 112 requests a first
value from client application 122 and uses a second val ue from rul ebase
114 when wbioanpoieappl i cation 122 fails to provide the fir@CTasose20780 Tool s
128 assist in the devel opnment and nmai¥t epance of rul ebases 114 in system
100. For exanple, rule editors 132 assist users in creating rules 116. A
rule editor_ 132 could allow a user to create and edit rules 116. As a
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during inferencing, the order in which the rules 116 are fired, and the reason why each
rule 116 was fired. This information may then be used to analyze the inferencing
20  operations that occurred. This may be useful when a rulebase 114 is not providing
appropriate results, and the user wants to identify why the rulebase 114 failed to
operate as expected.
In addition, tools 128 may include one or more testers 138. Tester 138 assists
a user in ensuring that a rulebase 114, a ruleset 130, or a sct of rules 116 work as
25 intended. For example, a tester 138 could receive information identifying a rulebase
114, a set of input values, and a set of expected output values. Tester 138 then
invokes inference engine 112 using the identified rulebase 114 and the input values,
receives the computed output values from inference engine 112, and determines
whether the computed output values match the expected output values. In a particular
30  embodiment, tester 138 could access a library that contains multiple sets of input
values and corresponding output values to test the identified rulebase 114.
Each tool 128 could include any hardware, software, firmware, or combination

thereof operable to perform one or more functions in system 100. Also, each tool 128



114, a set of input values, and a set of expected output values. Tester 138
then invokes inference engine 112 using the identified rul ebase 114 and

t he i nputwoaBerss receives the conputed out put val ues fr ecTiusdzI®NCeE
engi ne 112, and determ nes whether tHe gonputed output values match the
expected output values. In a particular 30 enbodi nent, tester 138 could
access a library that contains multiple sets of input values and

cor r espondi FR}GUvoke funstioesintralebasstbuilier §ldentinfeicade engiebarrusiddthe oIy t 00
128 coul d ipﬁ% ?8 any hardware, software, firmnvare, or conbination thereof
operable to pérformone or nore functions in system 100. Al so, each tool
128 WO 03/ 090164I:P&GH ddSbdra frhlebade ' | WS e
bui | der 110 _or inference engi ne 112 Eg?%gCFEg9§%P§HQ%%§?ﬂ%§%Qn§#h%%%é
enbodi nent , L uf#@hhe devdlapedapndiesed iadenendently ofathe applieation, thanrtliesoahthse 114

b I ' dent | f.th | i j that .rel|
The 5 oo Sokninaast M bASEATA o oXalpic, donphaiicd Ciset senlicuen abfoni
| i cati oncah2l® deweldpeddsvet Sl , '
of users Sépvwﬁ?ﬁ’éai@??ﬁh?ﬁ? o et P o e B 97 25"

a particul a* b used Bipalicot apnlipatien 422 oA iapantBlar examplebmadetbid coul d
defi ne precpnditi ; I stconditions, or .outpu

val ues. The user s%gygﬁg%iﬂngﬂ%%éélrlgfgggg@g fﬂ.nL%Br(:eS ({(;ﬁj%’ PHERES ?%lu?shg“&
precondi t i diestcanditiohs gostipuindalnbonsTheanskrs idvelsping WeVelddaidd 14! doad
applicatio could then si y, ensure that client application 122 is
desi gngg tgdg‘%éﬁrfﬁﬁipéﬁctog&.uf’ﬂ%gﬁ‘k}ﬁh%ﬁlz’ftﬁ‘f‘@“b?@cé}%iﬂﬁ 8ps tdgvelapiagesiiset engi ne
112 and r ecppMeatione] 20864 ® HehadQ L | ihpfierence engi ne 112.
Al so, becaﬁ?g rul ebase 114 can gg?éﬁgﬂ?géf%@ﬂﬁé%§§g%%?é??§séﬁgg?g#Ebn1the
client apploturyeata fire apaepriates pleesnditionsntoeinfamerics gngiicnid 2r aldefasiee e,

Itiple client applicati: 22 hare rul 114, Th i ent
Sl i bati orE Py ARRLIRALRR, hof BDeRG ity [ho Alsavberise pusbeseri even
it the infeneniifing ifsoswoastaClbj@N apPon OB e %@Y&EP&%@%&% '@'Qiqéfs or

completely . with the inferencing for another client application
3 Fiteree

Al t hou CHIZ; yyngsTlehase 154 mubiphd elieny sipplications 122 cpn Glirdimpba0

i nferenci ngigerw : j s my. be made. to system 100. For

xampl o, B GoREete P abbREoR 12 B MRS oo ok o UF kR b ver

102. Vari od$4, compihdnt sifaéncey Yer odd 2168y afifice@stD 108 dhvRFa Eﬁﬁﬁy %Qd
be .added according to particular needs:

addi tional co ent. A ( !
particul ar cgl%gﬁ%lq%?’}&‘rth? gl%eggtgsnpﬁ,fop deethericlgnbappligatimel?Ze engi ne 112 coul d be
om tted from se@oud®FIRRE Y qlﬂﬁ:ét?atpsj““alndgﬁar%gig system 100 for providing

20 inferencing services, various changes may be made to system 100. For example,

FIGURE 1 illustrates one example functional division of server 102. Various
components of server 102 may be combined or omitted, and additional components
may be added according to particular needs. As particular examples, rulebase builder
110 or inference engine 112 could be omitted from server 102, or rulebase builder 110
25  and inference engine 112 could reside on separate platforms. Also, database 104
could store any other information as needed in system 100, and database 104 and
memory 126 could reside at any location or locations accessible by server 102.
Further, server 102 could support other or additional tools 128, and rulebases 114 can
reside in locations other than database 104. In addition, inference engine 112 could
30  support either forward-chaining or backward-chaining of rules 116, and other

interfaces to rulebase builder 110 and inference engine 112 could be used in system
100.



25 and inference engine 112 could reside on separate platforns. Al so,

dat abase 104 could store any other information as needed in system 100,
and dat abaea3pdeand mnenory 126 coul d reside at any | ocaticaruses/1doocat i ons
accessible by server 102. Further, s®rver 102 could support other or
additional tools 128, and rul ebases 114 can reside in |ocations other than
dat abase 104. In addition, inference engine 112 could 30 support either

f or war d- chai ni ngFEsUB&Ckisan dxehplan; bigclofiagtane Hlubt&ingan@diiRk BRimple Ryf&haces
to rul ebase gggitlgder 110 and.inference engine 112 could be used in Séztem
100. WO 03/ 090184 B HIFEHOE §evices FAceRINme 9 songn embodisient yobithisk

di agram i | | gisélogirbNOmARRY NRk&Y e Oy P bndiidyi ding i nfer encing
servi ces accor di ng to one ersrtgod?%ntt%dg?{%thi Stégi %(E:(fér;scgl%ée%_s arﬁe]%ﬁ]é%i a

i |1 ust rat edddpsse 2 fbraneteyki2om atitoriene mmeslients208/er 202, a dat abase 204,

a network 206, a on r re.clients 208, 5 Server 202, database 204,

net wor k Sl506, andggﬁviareﬁ%z? gﬁtggﬁﬁf(bﬁen‘?t}‘{@%gqﬁe agd chent 208 mayabe the semevisor 102,

database 10dmilaetonatVor 108 daaBekeclodchlindABI O, otk ChF18 of Frdihd 1 GABRET ment
ortion of a

a rul ebase builder 210 and an inference engine ormap
server appl fReR4IBANR aulckse puHderghlOl andt dncinf2&@ eremgine X Btformmn P 6841 On

t hat be...i . i licati 222 work 206. S

ool i cati omsepisg WBfickdK 3b; SR ARMGRh 33D sEiRecAl i, Rrlicatiom Bt 6 pon

such as an iapekdddat clisnt apsiReiiGisCIRMNieh net ik P0g) %@He?raﬂ)/l‘ﬁﬁﬁbn f2i59|cg%1ld| n one
a

aspect @f operation, server application 250 could recefve a request from
cli ent Hppl Pk s¥3BRleotepTeseniAm xper appliediione suwhdasomn geplication hssbeintedovitig
oper at i ons.he SRENET oA Iiﬂ%%ti on 250 could create an instance of rul ebase
buil der 210 or inference 15 engine 212 and allow the instance to perform

sui tabl e oper at ilores abpect bibopictdtionf seavee dpplidOidh P80 bould 6068 ARALES AbokPN 250
252 allows client applications 222

i ncludes a setver APl . 2 Seryer API
to i nvoke tah(zhelngﬁgﬁli“@ﬂgn 2%2 st%&\}‘élﬁ a gishase 2 o pesiorm Heferencangpdpsrations! i ent

appl i cat i or8e222 appldaioh M0 kBuR érble{’cetahgﬂs %ce.&%i’e%se%%fdi{sfgi]d g Qrgncg;ﬁ} g

creates _a rul ebase buil der instance, and client applica
i denti fly menging2é2 sodipldew thel infiaego parfornbSariiable arpitiongt i on 250 coul d pass

the information .ved thro .server APl 252 to_the rul ebase buil der
i nstance and allflggveetl%lesgrﬁﬁgeeﬂﬁggnﬂ?ﬂti SREYer; sppligHfiam 230 mstugles angress ARl e t he
i denti fi ed252) SbageAP2D42 allSRE Mﬁént%g’%li%?lgné:?ﬂi 8 FEREEHE Hndiond BF &I

interface, stateless interface, or h

application 250. For example, a client application 222 could invoke a function of
server application 250 that creates a rulebase builder instance, and client application

20 222 could identify multiple source rulebases 214. Server application 250 could pass
the information received through server API 252 to the rulebase builder instance and
allow the rulebase builder instance to merge and compile the identified rulebases 214.
Server API 252 could represent a stateful interface, stateless interface, or other
interface or combination of interfaces.

25 In a particular embodiment, server application 250 represents a Java
application, a J2EE servlet, an Enterprise Java Beans (EJB) application, a JavaServer
Pages (JSP) application, or other suitable application. In this embodiment, APIs 218,
220 may include a stateful interface that can be invoked as a local service by server
application 250. In addition, server application 250 can be invoked through API 252

30  as aremote service by client application 222.

Although FIGURE 2 illustrates an example system 200 for providing

inferencing services, various changes may be made to system 200. For example,

while FIGURE 2 illustrates one example functional division of server 202, various



interface or conmbination of interfaces. 25 In a particul ar enbodi nent,
server application 250 represents a Java application, a J2EE servlet, an
Ent er pri swodbawgniBeans (EJB) application, a JavaServer Pa®e3/(S08R071
application, or other suitable applicwtion. In this enbodi nent, APls 218,
220 may include a stateful interface that can be invoked as a | ocal service
by server application 250. In addition, server application 250 can be

i nvoked t hronglnéits o252rve3P0RMmag FeetRiEn&B oY battddy akd bedtioRRRblpahéms 222.
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may i ncl ude. L Vi { deyice 366, a random. access
menory ( RAN) . 68&,;&B ﬁtre ggddé-eg‘sneﬁré W rl%n?ér;ly&tJ S‘ﬁ%,ie %Olﬁﬁﬁé\ﬂ’r FEPPUIGIERE o
ot her magneevice.oHosps 60y Stadudegen Ut d&vidy 264, ARduid deVicBBEE, PrRRBESOrS 15

374. Input device 364 .. I.ar exanple, include a keyboard, nbuse, graphics
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a disk drive, a plotter, a speaker, or other suitable output device.
Items within the dashed lines in FIGURE 3 represent exemplary functional
20  operation and data organization of the associated components of system 300. In the
illustrated embodiment, host 360 includes application 362 and database 304.
Database 304 may be the same as or similar to database 104 and database 204 of
FIGURES 1 and 2.
Application 362 may represent an expert application or other application that
25  uses rulebase building and inferencing functionality. In the illustrated example,
application 362 includes a rulebase builder 310, an inference engine 312, and other
programming logic 374. Rulebase builder 310 may be the same as or similar to
rulebase builder 110 and rulebase builder 210 of FIGURES 1 and 2. Also, inference
engine 312 may be the same as or similar to inference engine 112 and inference
30 engine 212 of FIGURES 1 and 2. In addition, rulebase builder 310 and inference
engine 312 may, but need not, include APIs 318 and 320.
Additional programming logic 374 may represent lo gic in application 362 that

invokes rulebase builder 310 and inference engine 312. For example, logic 374 could



FIGURES 1 and 2. Application 362 may represent an expert application or

ot her application that 25 uses rul ebase buil ding and inferencing

functi onawptog/o9did t he il lustrated exanple, application 3®ZTiUusos/udes a

rul ebase buil der 310, an inference entine 312, and other programm ng |ogic
374. Rul ebase builder 310 may be the sane as or simlar to rulebase

buil der 110 and rul ebase buil der 210 of FIGURES 1 and 2. Al so, inference
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buil ders 110, 210, 310 and i nférence ehgi nes used
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el ements 404, and rul eset-level elenents 406. Although rul ebase
archit ecture 40BIGURE 4 is an exemplary block diagram illustrating an example rulebase

architecture 400 according to one embodiment of this disclosure. In this embodiment,

20 rulebase architecture 400 includes rulebase-level elements 402, domain-level
elements 404, and ruleset-level elements 406. Although rulebase architecture 400
may be described with respect to system 100 of FIGURE 1, rulebase architecture 400
could be used with other systems, and other rulebase architectures can be used by
system 100.

25 In FIGURE 4, rulebase-level elements 402 include classes 408, initialization
methods 410, associations 412, constraints 414, and domains 416. Classes 408 define
data objects that store information and method objects that may process the
information in the data objects. For example, a class 408 could define a Person object
that includes fields for the name of a person, the age of the person, and the name @if

30 any) of the person’s spouse. As another example, a class 408 could define a
Retirement method that analyzes an instance of a Person, compares the person’s age
to a value of 65, and sets a flag identifying whether or not the person has reached

retirement age based on the comparison.



may be described with respect to system 100 of FIGURE 1, rul ebase
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specify that .a field storing a person's 20 age shou ue Dbet ween
0 and 120. 2§sfengd ¢ fiskdsn Cengifaips dd b alsp lefine thgraetiomsrthat occur if the conditions

are violated. For example, a constraint 414 may specify that a field storing a person’s

20  age should have a value between 0 and 120. If an instance of Person is assigned an
age of 800, the constraint 414 associated with the age field is violated, and the actions
defined by that constraint 414 may be executed. The action may include inference
engine 112 halting inferencing, using a substitute value, or using stateful interface 120
to request a correct value from client application 122.

25 Domains 416 separate rules into different groups referred to as domains. In
each domain 416, a rulebase can include initialization methods 418, associations 420,
constraints 422, classes 424, and rulesets 426. Initialization methods 418,
associations 420, constraints 422, and classes 424 may be the same as or similar to
initialization methods 410, associations 412, constraints 414, and classes 408. These

30  domain-level elements 404 may have a different scope than the rulebase-level
elements 402. For example, while associations 412 may define relationships between

two classes residing at the rulebase level, associations 420 may define relationships
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could be omitted according to particular needs.

20 FIGURES 5A and 5B are exemplary block diagrams illustrating example
rulebase builders according to one embodiment of this disclosure. In particular,
FIGURE 5A illustrates a stateless rulebase builder 500, and FIGURE 5B illustrates a
stateful rulebase builder 550. Although FIGURES 5A and 5B may be described with
respect to system 100 of FIGURE 1, rulebase builders 500, 550 could be used with

25  other systems.

In FIGURE 3A, stateless rnlebase builder 500 allows applications to invoke
various function calls 502, and the function calls 502 use various data structures 504
as inputs and outputs. In the illustrated embodiment, function calls 502 include a
constructor function 506 and a build function 508. Constructor function 506 creates

30  an instance of rulebase builder 500 for use by an application requesting rulebase
building services. For example, a client application 122 may invoke constructor
function 506 over network 106. Server 102 executes constructor function 506 and

instantiates an instance of rulebase builder 500, creating a rulebase builder instance.



rul ebase buil ders according to one enbodi nent of this disclosure. In
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Value 528¢ instructs the rulebase builder instance whether to generate a load map

20 524, Values 528d-528f instruct the rulebase builder instance whether to trace various

types of events, which may be described in messages 526. In this example, the events

may be divided into high-level or L1 events, low-level or 1.2 events, and loader
events. Other divisions of events could also be used.

When the build function 508 is invoked, the rulebase builder instance may

25  attempt to combine the input rules, rulebases, and rulesets and generates output results

514. Output results 514 may include a consolidated binary rulebase 516. Rulebase

516 represents the rulebase formed when the inputs are merged into a consolidated

rulebase and compiled. Output results 514 may also include an error count 518 and a

warning count 520. Error count 518 identifies the number of errors identified when

30 creating the consolidated rulebase 5 16, and warning count 520 identifies the number

of warnings generated.

Output results 514 may further include an application interface document 522

and a load map 524. Application interface document 522 describes the input values
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messages UBIEEFIBES SHEh AT Messhges apwhito dertifysdiffarent evants thidirdco durimg the
creation or compilation of the consolidated rulebase 516.

20 In one aspect of operation, the contents of output results 514 could vary
depending on values 528. For example, if value 528a has a value of false, the output
results 514 will not include an application interface document 522. Similarly, if value
528c has a value of true, the output results 514 will include a load map 524. If value
528b has a value of false, the output results 514 will not include a binary rulebase.

25  This may be useful, for example, when an application interface document 522 or load
map 524 is needed for an existing binary rulebase.

In FIGURE 5B, stateful rulebase builder 550 allows applications to invoke
various function calls 552 that use data structures 554 as inputs and outputs. In the
illustrated embodiment, function calls 552 include a constructor function 556.

30  Constructor function 556 creates an instance of rulebase builder 550 for use by an
application requesting rulebase building services. Constructor function 556 includes
two input values, a tracemask 568 and a message handler 570. The value provided for

tracemask 568 determines the level of detail of trace messages provided to client
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document f ygkdm® %pﬁﬁ@atﬂ)ﬁnﬁﬁfh‘féu@nm?&%phfz %éa?nrf and client application 122 can
20  store the output stream into a buffer or other memory. Generate load map function
566 generates a load map for a rulebase.

Because stateful rulebase builder 550 maintains session information, the
various function calls 552 supported by rulebase builder 550 can be individually
invoked by client application 122. For example, the user using client application 122

25 may want an application interface document for an existing binary rulebase. Client
application 122 could supply the binary rulebase to builder 550 using one of the add
rulebase functions 558a. Client application 122 could then generate an application
interface document by invoking function 562. If the user later decides to generate a
load map, client application 122 can invoke function 566 to generate the load map

30  using the same rulebase builder instance.,

Although FIGURES 5A and 5B illustrate example rulebase builders 500, 550,
various changes may be made to rulebase builders 500, 550. For example, various

function calls 502, 552 could be omitted from builders 500, 550 according to
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engi ne : |'i cations to invoké tron ca Qe data
struct & es eé%lollﬁgmnﬁﬁmu@m@& 610.In the illustrated enbodi nent,
function calls Iﬁﬂg nst ruct.o functl on 606, which creates an
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608 invokes | fere |ng by. engi ne 600 using a rul
e mu 1ple omains, as shown by domains 416 in FIGURE 4. As a result,

inference function 608 also receives a domain name 614 as input, where the domain

20  name 614 identifies which domain 416 to use during inferencing. Inference function
608 further receives an identification of any dynamic instances 616 to be created and
used during inferencing. Inference function 608 also recejves any conditional rulesets
618, which represent additional rules to be used along with the domain identified by
domain name 614. In addition, inference function 608 may receive precondition

25 | values 6202-620b as input. The precondition values 620 are assigned to the
appropriate fields in the identified rulebase 612 and used during inferencing. The
precondition values 620 may take the form of a precondition value document 620a or
a precondition value array 620b.

Control object 613 defines values 632a-632f used by server 102 to control the

30  operations performed by the inference engine instance, Value 632a instructs the
inference engine instance to generate a field value array 626b, while value 632b
instructs the inference engine instance to generate a field value document 626a.

Value 632c instructs the inference engine instance to generate a rule snapshot 630.



612 and a control object 613 provided to engine 600 as an input. Rul ebase
612 may include nmultiple domains, as shown by donmains 416 in FIGURE 4. As
a result,woimferience function 608 al so receives a donai n mamséd/do0as i nput,
where the domain 20 nanme 614 identifiZ®s which domain 416 to use during
inferencing. Inference function 608 further receives an identification of
any dynam cg’ Qlfsat ances 616 to be created and wused during inferencing.
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time. The rule snapshot 630 could identify the rule, any ruleset associated with the
20 rule, the priority of the rule, a rule type associated with the rule, the status of the rule,
and any fields in the rule that cause the rule to pend.
In FIGURES 6B and 6C, stateful inference engine 650 allows applications to
invoke various function calls 652 that use data structures 654 as inputs and outputs.
In the illustrated embodiment, constructor functions 654a-654c¢ create an instance of
25 inference engine 650. In particular, function 654a creates an inference engine
instance that uses a binary rulebase defined using an input stream, and function 654b
creates an inference engine instance that uses a binary rulebase defined using a URL.
As explained below, multiple inference engine instances may use the same rulebase,
and function 654c creates one inference engine instance based on another inference
30 engine instance that is using the same rulebase.
Domain functions 656a-656b control which domain 416 is used during
inferencing. Domain function 656a identifies a domain 416 to be used during

inferencing, and domain function 656b removes a domain 416 so it is no longer used



operations. Qutput results 624 may further include a rule snapshot 630.

Rul e snapshot 630 provides infornmation about the current status of a rule
at a partwouwBasolpoi nt in time. The rul e snapshot 630 coulpdTiusesiiofy t he
rule, any rul eset associated with the520;rule, the priority of the rule, a
rule type associated with the rule, the status of the rule, and any fields
in the rule that cause the rule to pend. In FI GURES 6B and 6C, stateful
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value to that field. Explain rule firing function 672 uses the rule identified by the

20 begin explanation function 670 and determines what caused that rule to fire. This

may include identifying any fields that caused the rule to fire and the values of those

fields. Explain field resolution function 674 uses a field identified by the explain rule

firing function 672 and determines how a value was assigned to that field. These

functions 670-674 allow client application 122 to trace how and why values were

25  assigned to fields during inferencing. These functions 670-674 may require that

server 102 monitor and archive the various steps performed during inferencing.

Because this monitoring may impose additional processing requirements during

inferencing, tracking functions 676a-676b allow client application 122 to specify

when server 102 should monitor the steps performed during inferencing. This allows

30  client application 122 to control when this additional processing is needed.
The use of stateful inference engine 650 may also allow server 102 to provide
truth maintenance (“TM”) functions to client application 122. During inferencing,

assigning a known value to a field can trigger a cascade of consequences. For



15 additional functions nmay be offered by inference engi ne 650. For
exanpl e, inference engine 650 nmay provi de explanatory services, which are
used to dwDesfdrle4 how val ues get assigned to certain fielPd3/cbos/ia0g1

i nferenci ng. Begin explanation functiZ®n 670 receives the identity of a
field as input and identifies the rule that assigned a final value to that
field. Explain rule firing function 672 uses the rule identified by the 20
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20  retractable value. In operation, client application 122 could assign five retractable
values to the field. Client application 122 could then assign a non-retractable value to

the field, followed by seven more retractable values. In this example, the last seven
values assigned to the field could be retracted, but the first five could not. The
presence of the non-retractable value prevents inference engine 650 from retracting

25  any values assigned before the non-retractable value was assigned. Returning to the
loan example, the selected field could represent the loan amount that a borrower
wants to receive. During some experimentation, the field may be assigned multiple
retractable values. Eventually, the user may identify a maximum amount that the
borrower is allowed to receive. That maximum amount could be assigned as a non-

30  retractable value. Additional experimentation could be done that assigns additional
retractable values to the field. Any of these additional values could be accepted as the

loan amount, or the values can be retracted to the last maximum loan amount

identified as a non-retractable value.



particular field may be assigned a retractable value. A retractable val ue
represents a 15 val ue assigned during an assignnent that can be negated.
Client appgbiosadilien 122 may assign nultiple values to the Peraso®tofi el d.
Confirm TM val ue function 680 sets th®¥ current value of a particular field
as that field s non-retractable value. A non- retractable val ue represents
a val ue assigned during an assignnent that cannot be negated. Retract T™M
val ue functl on GBZdeﬁlonafot‘rbe&eh@néuc&isdhbmﬂér functidrs 68Hato8AbYegister obriagt abl e
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20 In FIGURE 7, core object 700 uses various data structures 702 to

communicate with rulebase builders 500, 550 and inference engines 600, 650. Data

structures 702 include a message handler 704. Message handler 704 represents a

handler used to communicate with client application 222. For example, message

handler 704 can be used to intercept messages 706 from a rulebase builder 500, 550 or

25  an inference engine 600, 650. This may allow message handler 704 to capture error,

warning, trace, or other messages 706 generated by rulebase builder 500, 550 or

inference engine 600, 650. Data structures 702 also include exceptions 708.
Exceptions 708 identify errors detected during rulebase building or inferencing.

Data structures 702 may further includes tracemasks 710. Tracemasks 710

30 indicate how to trace the execution of different functions by server 102. The integer

values provided for tracemasks 710 determines the level of detail of the trace

messages provided to client application 222. The level of detail may identify whether

trace messages are provided and, if so, in what circumstances a trace message should



exanpl e data structures 604, 654 used with the function calls 602, 652,
other or additional data structures could be used. 15 FIGURE 7 is an
exenpl ar ywblogohoied agram i | |l ustrati ng an exanpl e core obj e®CT/USO®128¢COr di ng
to one enbodi ment of this disclosure.28Core objects 700 represent objects
shared by both rul ebase buil ders 500, 550 and inference engi nes 600, 650.
Al t hough FIGURE 7 may be described wth respect to system 200 of FI GURE 2,
core obj e®e Proddebuler dxempled valueof getoaroukl/ctuserserv@R02rio pEGURENG fragor e
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enbodi nent, interfaces 80Q include an injtialization handler 802 and a
change haniq Rendaigthe myle giarence cagine 630 could invoke initialization handler 802 and

ask client application 122 whether client application 122 wants to provide a value for

20  the unknown field. If client application 122 provides a value, inference engine 650
could use the value and continuing inferencing.

The use of initialization handler 802 may be useful when a large number of
preconditions exist for a rulebase. For example, a rulebase could have 1,000
preconditions. Without the use of initialization handler 802, client application 122

25  would provide input values for all 1,000 preconditions before inferencing begins.
With the use of initialization handler 802, client application 122 could provide input
values for some of the preconditions, and inference engine 650 could attempt to
complete inferencing using those values. If inference engine 650 is unable to
complete inferencing and needs values for more of the preconditions, client

30  application 122 can use initialization handler 802 to provide input values for the
necessary preconditions.

Change handler 804 allows server 102 to inform client application 122 when

inference engine 650 modifies various data objects. For example, function 806



may be described with respect to system 100 of FIGURE 1, interfaces 800
could be wused with other systens. Initialization handler 802 allows a
client appbiosagiien 122 to initialize a field 15 value. FecCTaSaspdoe]

i nference engine 650 may attenpt to e¥ecute a rule during inferencing, but
that rule may involve an unknown field. Inference engine 650 could pend
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client appli2oaitiedmnlobfecPisti¢ldi@s a val ue, inference engine 650 could use

t he val ue and conti nui n? i nferencing. The use of initialization handler 802

may be useful whiei® usd af ghangenbandlasf 804 mexyoheiustfmhsvieni stlafger namberl ebase.

For exagpl - coul d. have, .1, 0 reconditions. Wthout the use of
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val ues for eahplk, QOfiIgdass endi thav® S ,008f SsteonBftdne "oV REoREEE NSe of%gﬁgé he use
of initialization handler 802, client application 122 could provide | nput
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changed. Fuvhenimfare@oBghes ndtibesn complated. appl i cati on 122 when an object is
created, and fu i 0 tyjfjes client application 122 when an obj ect

i s del eted. Th_er‘lﬁ@"@uglf ﬁ@%eé H’éﬁ@?@? ewlm%%cea%marwﬁh@%n@é number
of 5 post enflide AN mt@fReHBVOY Kl &ééhfi‘)tl&jdangyoﬂl&f &¢ @&ggoﬁﬁ%ﬁﬁn atforl ! N9
|nferen0|ng. For exanple, a rulebase could have 1,0 post condi t1ons.

W t hout? t hBangers grould, be gieed. hAveh, esacishandlet Bt SQppduild aupport 289 ottey oreed t o

wait until iR ine 650 conpletes inferencing before receiving a
set of 1,08 ‘ﬁ%ﬁ%u@ &@F%es frominference engine 650. Wth the use of

change handl er BOGURESi eAtardppBi &atdxepldy BlotH diafundOilnRkhfid L exphpREVer
one Of e, ROSLFRIS dceording 5 one emBodiment of this disclosure, 1 pactular, FLGURE
9A illustrates a pattern matching rule 900, and FIGURE 9B illustrates a decision tree
20 rule 950. Other or additional types of rules may also be used. In addition, while
FIGURES 9A and 9B may be described with respect to system 100 of FIGURE 1,
rules 900, 950 could be used with other systems.
In FIGURE 9A, pattern matching rule 900 includes a premise 902, an action
904, and a bind section 906. Premise 902 represents a condition that determines
25  whether or not the action 904 should be executed. Premise 902 may, for example,
include one or more expressions 908. Server 102 may examine the expression 908 in
premise 902 and determine if the expression 908 is true or false. Using the results,
server 102 may then fire rule 900 by executing action 904 if the expression 908 is
true, fail rule 900 if the expression 908 is false, or pend rule 900 if a value for the
30  expression 908 cannot be determined.
Action 904 represents one or more actions that are to be performed by server
102 if the premise 902 of rule 900 is true. Action 904 may, for example, indicate that

server 102 should assign a particular value to a field. Action 904 could also cause



application 122 | earns when each individual postcondition is assigned a

val ue, even when inferencing has not been conpleted. Al though FI GURE 8
illustratwe oawenpl e i nterfaces 800, various changes may [PeTRSd® 12001
interfaces 800. For exanple, any othe¥ or additional conmmunication 15
handl ers coul d be used. Also, each handl er 802, 804 coul d support any ot her
or additional functions. FIGJRES 9A and 9B are exenpl ary bl ock di agrans
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could al so cause WO 03/090164 PCT/ US03/ 12071 server O execute a
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section 906 i fies. t.a objects .be.nmoni t.ored .hy server 102.
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col | ecti on Rofle 960 iopstatd 06 asSUcidd®iaCRdSort bBfectS RbpleaEnting ngbl%@n Wt 2 BNG
sectlog 906, i ncl udes one or nore bind variables 910." Inference engine 112
associ 4t es OBeHt FRPTSREngOr duck (whentthe pewsonris ofdsr dharathei dimkearidnéib greeem of t he
bi nd cl ass # [ t i.es the bi vari abl e 910
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satisfy théhepbeek obje@®20 therlt arkable910.i Ufseieeeebifd FhAfH1dd B10edffeii100S

whet her the . L . .
cxamines existing Person and Duck objects and determines if any satisfy premise 902.

If any satisfy the premise 902, server 102 applies the action 904 of rule 900 to each of
20  those data objects. The action 904 increments the number of ducks owned by the
person and associates the person with the duck.

In a particular embodiment, server 102 keeps pattern matching rules 900 in a
ready state and does not fail or pend pattern matching rules 900. In another particular
embodiment, a pattern matching rule 900 may act as a single-fire rule. In this

25  embodiment, inference engine 112 waits until a threshold number of objects are
bound to bind variables 910. Once the threshold number is met, inference engine 112
executes the pattern matching rule 900 once using those objects. The executed pattern
matching rule 900 may then be ignored by inference engine 112,

Because a rulebase could include a large number of objects, server 102 may

30 use one or more algorithms to increase the efficiency of processing pattern matching
rules 900. For example, server 102 could use a Rete algorithm. Using a Rete
algorithm, server 102 detects when an object is created, modified, or deleted. Server

102 then executes any pattern matching rule 900 having a premise 902 that uses a



10 candi date instances deserve further attention. If any of the candi date
i nstances satisfy the prem se 902, server 102 executes the action 904

usi ng thowe osamdbedat e i nstances. In the illustrated examplCa/usas/idond
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to the bi nHpigHCBY 9% dho\Eoenodp O¢ astasiatetewith thorase stalbraentdis. is executed.
The otherwise statement 960 identifies a treenode 954 that is executed if no other

20  treenode 954 can be executed.

The action to be performed in a treenode 954 can further include additional
subtrees. For example, treenode 954a includes another evaluation statement 962 and
two treenodes 964a-964b. In this way, rule 950 can be divided into hierarchical layers
of subtrees, and server 102 may traverse through the subtrees to arrive at the

25  appropriate action to be performed.

In the illustrated example, expression 956 calculates an age, and one of the
treenodes 954 is selected based on the calculated age. If the calculated age has a
known value, treenodes 954a, 954b, or 954¢ could be selected depending on the
value. If the calculated age is unknown, such as when the value depends on a field

30  with an unknown value, treenode 954d is selected. If the calculated age is known but

falls outside of the ranges of the case statement in treenodes 954a-954c, treenode 960

may be selected.



In FIGURE 9B, decision tree rule 950 includes an eval uation statenment 952,
or 10 subtree, followed by two or nore treenodes 954a-954e. Each subtree
may be nawed3/iosueh that it may easily be associated with &cmaise3/1#val uati on
statenent 952 evaluates and determi n®s a val ue of an expression 956. Based
on the cal cul ated value of the expression 956, one of the treenodes 954 is
executed. Each treenode 954 includes either a case statenent 958 or an
otherwi se 15 stlateperiiculgOsmbalimente debver alf2antayonset @ just-petithermedoryCase

statenent 958 i.dentjfies a otential, v e . or range.of potential val ues
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treenode 954 associated with the case statenment 958 is execut e

ot her wi se &toaaydAé. 8o ppdiontdffriled58 thatde haded glbetvs seaveri 2er adentidylthief no
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In a parti gul.ar server 102.m gﬁbust-i n-ti me menor

nbodi t, us
al | ocat i on"SeHANEF Sl Rl SPeuss 8 GFG}OQS%%BI. € PRV 43y, E?ntﬁlﬁ-}ﬂnﬁ@dél%oc ation
scheme,  sgiugmdd ORerhbaiiSd QMtvecd, tROULd S ﬁét-iﬁ-tﬁﬁ& Lo ARoh s&fnlc4hsy ﬁe;L into

menory, such as nenory 126. The portionof rule 950 that Is |oaded” all ows
ser ver 151 02tor dscregemihe memary reuitesents dor 99dessing e dacisiar sextule¥ier server 102

B L
addi t i onal Feubangés s8f4r 162y scldd? tleaasiie 95abYuiAg infsdeird) baf telh&d 950
that all OV\Eac%?? Irn\elt}ef rha'\:}g gn En(])quo%xlmegglug. hﬁl trﬂlgsxéxarsrlgﬁet rsgr?ferglts(fZ \Evgul?i%end rule 950
because server 102 is unable to complete execution of rule 950. In a particular
20 embodiment, server 102 performs a pinpoint restart to unpend and complete execution
of rule 950. When rule 950 pends, server 102 may take a snapshot of rule 950. The
snapshot identifies the context of rule 950, such as values for fields used in rule 950
and the precise location of the statement that caused rule 950 to pend. In the above
example, the snapshot could identify the location of evaluation statement 966 because
25  thatis the statement that caused rule 950 to pend. When the field that caused rule 950
to pend is assigned a known value, server 102 may unpend rule 950 and begin
executing rule 950 at the location stored in the snapshot. This may allow server 102
to more efficiently pend and unpend decision tree rules 950, which may contain a
large number of subtrees.
30 Although FIGURES 9A and 9B illustrate example rules 900, 950, various
changes may be made to rules 900, 950. For example, rule 900 could include any
number of bind variables 910, and rule 950 could include any number of subtrees.

Also, other or additional types of rules may be used.



traversed. After the next subtree 964 is selected, server 102 | oads the
contents of that 10 subtree 964 into nenory. This process continues until
server l10wofmqedeor fails rule 950, at which point servePCIOZ0srn7t el ease
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exanpl e, ruI uId e a nber . of bin riables 910, and rule
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exenplary bl ock diagramillustrating an exanpl e ‘nenory arrangenent”for

sharind’ a Pﬁﬂ%@&%ﬁal%Wﬁh@ltﬁgyvber&ﬁee@ﬁbudommmmm this disclosure. In
memory 1026, f use .in server 2 of

i cul
E?EUREU ir wher e w%%%%%%e%ﬁl é‘ﬁf’“&%‘b 1% cEEH ofis @ %Plg‘écofﬂﬂﬁloga%lu?%la@ ase 114

during 5 |p6mmamgva1uas tibp wTbREITRN cliciEyposific L8 naeh Usiesksa 1Head- onl y
i mage 1050 ruI?base 114 and one or nore client-specific information
1

bl ocks 105§%eWﬁPF<‘é ¢ ppfeppetionpblagks HB2deeluds pléentwpedifie édpruaationol 0§¢sndm 100
of FI GURE 1 noffRF0I0%6. The client-specific information 1054 represents precondition values,

20  postcondition values, snapshots of pending rules 116, and any other information that
is specific to a client application 122. Pointer 1056 points to the read-only image

1050 that is associated with the client-specific information 1054.
In one aspect of operation, when a client application 122 requests inferencing
using a rulebase 114, server 102 may determine whether a read-only image 1050 of
25  thatrulebase 114 already exists in memory 1026. If not, server 102 may load rulebase
114 into memory 1026 as read-only image 1050. Inference engine 112 may then
perform inferencing operations using the read-only image 1050. If a client
application 122 requests inferencing using a rulebase 114 that already has been loaded
into memory 1026 as a read-only image 1050, inference engine 112 may perform
30  inferencing operations using the read-only image 1050 previously created. During
inferencing, any values to be stored for a particular client application 122 are placed
in the client-specific information 1054 of a client-specific information block 1052. In

this way, server 102 can use the same rulebase 114 to perform inferencing operations



1026 could be used with other systens. Read-only inmage 1050 represents a
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i nf or mat i oexdHé rdftbase chinpohemPbeing erdedfigto MBddneslidatAc16b0RZccding Bi S WAy,
server . 102 can S%@%‘%ﬁ %gag rul ?base 114 to E)erform i nferenci ng operations
VO 03/ 63018%° &P 1 s diselgspge. mn tnagiicatlar) iFAGURESp (1l dattirough 122, even

when the i @ i o\Y; L fareant 154 0P a the rules 116 are
PRESBRC iridbhd %I\élgél_léiﬁté A5824 15044 Yﬂ@fﬁﬁ )

executed in"a different or n one enbodi nen e us ofepﬁ%s%tlsyam% as
descri bed egnsoldated/rdebast compamtnt Fbi0de¥hid BIGURES 1na thieushalr Demap @k nent
suppl enent ggsc y not be

shared bet meﬁ#‘%{ﬁ?gﬁ%é@@#ﬁ*i?ﬁfp@é 18&@}#iGp%%?é;@légﬁﬁi’%qlgﬂ%&gﬁﬁédﬂﬁ@nt , an
i mge of tbsuléYPRLRABIM Sthef H)sBns116, rul ebases 114, and
20 In FIGURE 11A, component 1150a represents a rule 1152. The rule 1152 is
contained in a ruleset 1154, which forms part of a domain 1156. Rule 1152 refers to
two instances 1158 of a Person class named Father and Mother.
In FIGURE 11B, component 1150b represents a partial declaration of the
Person class 1160, which is contained in domain 1156. The class 1160 includes a
25  declaration of a field 1162 called Name. Component 1150b also includes a
declaration of the Father instance 1158a.
In FIGURE 11C, component 1150c represents another partial declaration of
the Person class 1160 contained in domain 1156. The class 1160 also includes a
declaration of a field 1164 called Age. Component 1150c also includes a declaration
30  ofthe Mother instance 1158b.
Rulebase builder 110 may merge components 1150a-1150c by performing
activities in stages. In one embodiment, during a first stage, rulebase builder 110

examines components 1150a-1150c to collect classes that define data objects and



rul esets 130 may not be used by nmultiple inference engine instances.

Al t hough FIGURE 10 il lustrates one exanple of a nenory 1026 arranged for
shari ng awouBebese 114 between multiple client applicati o®E€TARA3/120a1 | OUS
changes may 10 be made to nenory 1028%. For exanple, each client-specific
i nformation bl ock 1052 could be stored in a separate nmenory structure.

Al so, other nenory arrangenents that do or do not allow client
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partial de i . l,ags 1160, which is contained in domain
1156. The gﬁ@%%ﬁ%ﬁ%gsﬁﬁggé&ggl aration of a field 1162 called
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1158a. {)n FIUC%JRE 1 conpanent, 1150c r@prﬁsents anot her parti al
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1160 al so LAEh R efine & £t dr@6hs, j Al L5 ent
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Rul ebase biirdt déage10D thaynarge guocssypoinbases blild@al 10l k@epsbyragle roff otheri digss
activities, n stages. ln one enbodi nent ring a first_stage, rul ebase

bui | der 11860?3&%1 n%?oﬂlﬁﬁﬁ?gnaéneﬁaﬁg f%’@gn%ggéb t‘%aﬁ%}er@ctﬁfﬂW&s%%pqnﬁ%t_ls def i ne
data obj ect s5ardAMO HuHOR0 Li4a PEALIV O3] 2Qikbase3Dull@& G10bEGRiEes Bddeng this

stage, rul ebase builder 110 may create one or nore internal data

st r uct ¥ esdedrapiionsyiniegp dngle stasy feclarptions sEhigiafay e detyint HEUREDbRewhish1150.
In a seco i 10 rs he_inter dat a
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bet ween the cl aAssuigiapahat iudétmse ballde EXABRARInes fcompeh@fs1 1dehi f@stanr ul e

that operates on an .instance naned. Brother, rul ebase
component 1150c, rulebase builder 110 would access component 1150b and

determine that component 1150b contains a declaration of class 1160. Rulebase

20 builder 110 would examine the internal data structure that contains all previously

encountered declarations, determine that the class 1160 had not been declared by a

previously examined component 1150, and add class 1160 and field 1162 to the

internal data structure. Rulebase builder 110 would continue on to component 1150c

and locate another declaration of class 1160. Rulebase builder 110 may examine its

25  internal data structure, determine that class 1160 has been declared in a previously

examined component 1150, and add field 1164 to the class 1160 in the data structure.

This produces the overall declaration of class 1160 shown in FIGURE 11D, which

includes a single declaration of class 1160 having fields 1162, 1164. In a similar

manner, rulebase builder 110 may locate each declaration of an instance 1158

30 encountered in components 1150 and form a single declaration as shown in FIGURE
11D.

As described above with respect to FIGURE 4, a rulebase 114 may define

classes at multiple levels of the rulebase 114 (rulebase-level, domain-level, or ruleset-



buil der 110 may ensure that the instance nanmed Brother is created by a
conponent 1150. During a third stage, rul ebase builder 110 may conpile the
parsed dawe o3spriact ures to produce a binary rul ebase 114. pDOriseg1zone fir st
stage, the conponents 1150 exam ned b3 rul ebase builder 110 10 coul d each
define a portion of a class. In the illustrated exanple, conponents 1150b
and 1150c define different portions of the Person class 1160. As a result,
duri ng t helevelr shlsetcdapsentvith ke smmaean caessst at ulifidrastclebels irdte rhlBadeeeps

anal yzed. Tt REUsh R MERtE i) TG IHE SO eH GG HE S8 A for mewe
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declaration. This may be seen in FIGURE 1 1D, which 1llustrates a conplete
decl ar at i ofhQ3¥N fhexisteinsdomain 44 86.1 Ifsmother Aekswhyagdess id d6lared idsulaset nd54,hat

rul ebase byl - m conponent 1150b and t hen. conponent 1150c,
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conponent b hiflese ANBAI NE yot d6thar Abhson cliss G4 A8Sarkd 6 thEHhRbAS Gevad Onaui | der
110 woul d exam ne the internal data structure that contains all previously

encount er efFSHERE Aplebassnkl S0d sramldrrontain gt anatker class defingionrapeanog dsgert
declared b | IS ] onent 1150, and add cl ass 1160 and
field 116281'51(%)11?1)%%@1/%%élr)%%ﬁégg?gﬁggﬁgc ‘ure. Rul ebase builder 110 woul d
continue on to Paonpgnenfirst 36ge, rukbakel tdldte 1 Enplaheletade clasy adcl@aticas thatass
1160. Iebas](e gﬁl | der ééo E}@l examne its. 25 internal data structure,

det er mihe IH8IVediesane fglgs hlissamecasese tiofleskrations npwauatel eng anathesnsushd
conmponent Jgl ; i 1640t L.t d ructure.
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whi ch i ncNadediekl 316@| & dihet easas,ithn deflaratiamsmayt 66nfhiay ivith chilebitier, kha2,
1164. In a_si,m |l ar. er, rul ebase builder 110 may | ocate each

decl ar at i of"6F°% ulilq’?gﬁgﬁ@édyﬂ%@l %%ﬁﬁs@g‘fﬁ rg‘?éﬂnﬁlﬁt'cé%%ﬁ% COPONEMd f or m
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respect to FIGURE 4, a rul gggse 114 magaéllefi ﬁfe cl a%gglgé?ggnﬁgﬁ%&?pﬁwgbl evel s
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PCT/ US03/ 120i7 )+ cl asses with the sa n can exj st at
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struct ure duckaitichsdhidy oehfEtagh efith Gtherll g VEBEERVaH) 65 eaRbSRGRIHEESS 0. he
scope of the class. For exanple, in FIGJRE 11D, class 1160 is shown to

exi st in dOMARFXaMRE, componst HePc peild dafing Hesidesticdd d 164 asla humber, whde 1154,

another component 1150 defines the Age field 1164 as a number limited to a value

20 between 0 and 120. Rulebase builder 110 could resolve this conflict by using the
more limited declaration, which in this example would be the declaration with the
constraint.

In one embodiment, rulebase builder 110 uses no defined order when visiting
components 1150 during the first stage of the merge process. As a result, rulebase

25  builder 110 could process a rule 1152 that uses an instance 1158 of a class 1160
before the structure of that class 1160 is defined. In a particular embodiment, the
internal data structure used by rulebase builder 110 helps to reduce or eliminate the
use of forward declarations during the rulebase merging process.

After creating the consolidated rulebase 1150d, rulebase builder 110 parses

30  rulebase 1150d. For example, rulebase builder 110 analyzes rule 1152 to determine
whether Father and Mother are instances that have been declared. Rulebase builder
110 also determines whether the class associated with the Father and Mother

instances include an Age field. Rulebase builder 110 further determines whether the



5 the resulting rul ebase 1150d woul d contai n another class definition
appearing as part of ruleset 1154. |If yet another Person class is declared
at the ruwelaseoibevel , the resulting rulebase 1150d woul e#Caarsvai27yet

anot her class definition appearing as3’part of rul ebase 1150d, outside of
domain 1156. During the first stage, rul ebase builder 110 nay detect class
declarations that 10 involve the sane fields. In sone cases, the

decl ar at i odgtahig assacediebmiéthathetdge rfield iscapprepyiaih & thelopemetien perfpmmeenins 1150
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cases, t heiiﬁ gc:lltl]gzr'aﬁl5 ?)hr%g e%%@&%b%‘ﬁvla@te %“‘fﬁ‘f i3 heme SOmbpred iR £ ValYR %égegobui | der
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could define the Age field 1164 as a nunber, while another conponént 1150
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limted decl aration, lich in this exanple wou e Ion wth
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that uses AneiaBsi e 1158 of a class 1160 before the structure of that

class 1160 is defined. In a particular enbodinent, the internal data
structure used Pyripg|thpdbiad hidgedoretiase bvdies 11® coegiles tlor pabsedrirmabaset he

use. of for cl aratians during it he ba i rocess. After

creating t eogbﬁgo |%(§’a 89 lwﬁq@té%g@eqafgdé%(fﬁl%ﬁﬁgggﬁ{}ﬂﬂ’g‘ﬁt afdﬁif’gf”g’és 30

rul ebase 1&50ebsions froex BphEany dldessets. bakbide erfdd® 08 WEES tHeWaRied $P3 L O

det er m ne ﬁ%/m;i‘her Fat her, and Mother are instances that have been decl ared.
b

Rul eba angewhemmindgyeprsteaginerldd inpvalratingtanexpression.afeneiammpdel ini t h t he
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further dglt:er m negg’mﬂg%rﬁre&r% ?ﬁg&v@%g‘f%@é@g%‘ﬁﬁ%s%%@ﬁ lngﬁﬁajézﬁg{lype
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the val ue o

rule 1152. In this | e, e i s being conpared to a val ue
of 65, so V#’lﬁ%é’?&%%@?‘@éﬁ“ cxegnting s ﬁ?’i‘f’€§%\}mpﬁefr0@@ educeEehinieat ar ed as
a nunber dat PesBee of side effects in rulebase 11504, rulebase builder 110 identifies whether

20 amethod returns a value. If the method returns a value, that method may not include

any steps that change the value of a field (except for local variables used in the

method). Also, the method that returns a value may not invoke a second method that

changes the value of a field (except for local variables used in the second method). In

another embodiment, rulebase builder 110 may allow expressions in a rulebase to
25  have side effects.

During the rulebase building process, rulebase builder 110 could also generate
tables associated with the use of final-valued fields. As described above, a first-
valued field is a field that should be assigned a value only once, while a final-valued
field is a field that may be assigned multiple values over time. During inferencing,

30 the useful value of the final-valued field is typically not known until all of the rules
that could change the value of the final-valued field have been fired or failed. During
the rulebase building process, rulebase builder 110 could generate a table for a final-

valued field. The table could identify rules that might change the value of the final-



In addition, rul ebase builder 110 exam nes the nmerge results and determ nes
whet her 5 each nethod that was decl ared al so has an associ at ed

i npl enentwDI0d/0901b0H this exanple, a nethod may be decl ar e@Cirrusoneorul ebase
conponent 1150, and the devel oper of38 hat conponent 1150 assuned the

devel oper of another conponent 1150 could provide the method

i npl ementation. If neither devel oper defined how the nethod was to be
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rul ebase byihdgs i andaHddi es whether 20 a nmethod returns a value. If the
met hod returns a val ue, that nethod may not include any steps that change
the val ue of a FIGUBE(Ek¢ept ekenplagc Alowvdingminl dbustratip bn exheplenmicthod) .

Al so, e t hat. .returns a val ue may not. i nvoke a second nefhod that
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is a field that shoul

field is alz02l dhishaiayniaylude f3Sixgmpls, MBI 170 ecdéplines WMl hildHase Pygi ng
inferencing, .30 the useful value of the final-valued field is typically not
known it i having ongorymeredemains 13j and AJI130 sersties & Hameial 13d selectiore This
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could use the tgqhe 102 iiedtfie® bny Arcborifiolantl ARy bHétEshdldts aRo¥fhked with
20 the identified rules 116 at step 1204. This may include, for example, inference engine
112 using information contained in a domain 131 to identify any preconditions and
postconditions associated with that domain 131.

Server 102 receives values for the identified preconditions at step 1206. This
may include, for example, API 120 receiving values for the preconditions from the
25  client application 122 invoking inference engine 112. Inference engine 112 could
receive the precondition values individually from client application 122, as a group in

an XML document, through an initialization handler, or in other suitable ways.
Server 102 executes the rules 116 using the precondition values at step 1208.
This may include, for example, inference engine 112 firing, failing, and pending
30  various rules 116 to try resolve postcondition fields from an unknown state to a
known state. This may also include inference engine 112 revisiting pending rules 116

after field values have changed to determine if the changes allow inference engine



change the value of the final-valued field. Once all of those rul es have
been executed, inference engine 112 could fire or fail the rules that use
t he finalwoaBeief the final 5 valued field. In a parti culPper/sSopodrnent ,
decision tree rules can use final-val¥ed fields, and pattern-matching
rules cannot. In this enbodinment, the table constructed during rul ebase
buil ding would identify only the decision tree rules that are associ at ed
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any of th enditgg rules 116. Tgi s may further include inference engine
112 per f orBfiofg IIGFRSIE-2R S9HPISEGdor  backwar d- chai ni ng of rul es 116.

FIGURE 13 is an exemplary flow diagram illustrating an example method

20 1300 for rulebase building according to one embodiment of this disclosure. Although
method 1300 may be described with respect to system 100 of FIGURE 1, other
systems may be used.

Server 102 receives information identifying one or more rulebase components
at step 1302. This may include, for example, rulebase builder 110 receiving a source

25  or binary rule 116, ruleset 130, or rulebase 114. This may also include rulebase
builder 110 receiving the location of a source or binary rule 116, ruleset 130, or
rulebase 114. The information may come from any suitable source, such as a client
application 122 attempting to invoke the rulebase building services of rulebase builder
110.

30 Server 102 determines whether the received rulebase components have the
proper format at step 1304. This may include, for example, server 102 determining
whether the received rulebase components are contained in XML documents. This

may also include server 102 determining whether the received rulebase components



Server 102 returns the values of any postconditions at step 1210. This may
i nclude, for exanple, inference engine 112 communi cating values for the

i dentifi ea003/0pst conditions to client application 122. | ®CarEsayeoengi ne
112 coul d comunicate the postconditi4n values individually to client
application 122, as a group in an XM. docunent, through a change handl er,
or in other suitable ways. Inference engine 112 nay have been successf ul

in determifollay thel femat slefingd ipdas RaeliDefivition Longnage. t Henotpsewenn2ti ons,

f i 1ions, 10 hough. FI GURE 12 il
o none oo PRTASS0FH 35 et o s oL AP G,
changes nagtefpe 308deThiz iy hacudeOfor &xamphyadEples, 102 bbereaiGe RN gilbtasd 12

coul d receive values for ani recondi tions and postconditions before
recei vi ng YoREPoReRiganto gn sMi1¢pcument and gelprating dhg)riebase zogwerentptoduce

addi ti %“a'fohﬂéchgﬁg}eq?%ﬁﬂdﬁ&{‘ﬂaﬂ%ﬂgg‘ff”Ci ng, such as a rule snapshot. In

addi tion, sone e steps | GURE 12 may overlap. As an exanpl e,
i nf erence engi ntertdr?]l (Pamerges ¢hearutdbaseyeonygomehBrintfoon cansvliditedhtidetidie 114

postcondition values to client application 122 .In this case, .the
post condi ﬁtéwpv@logeifh%wawc 1 10 gxamplenterves J 02 ddgnfibng o declprstign gf a

I nf erenci ngad3as o?tfé'irﬂlafat ot il StEyals ci)ﬁp?rg:rnﬁx? | REyal % ﬂi(&l&ieas%?eﬁoz

illustrating an exanple thod 20 1300 rul ebase I I'ding according to
one enbodilpeking ah anhintermil slefacturwmre Al détaughe ifve phoibukBOSkamiyebenlemser i bed
with respect to system 100 of FIGURE 1. .other _syste e used. Server
102+ Aol veEHoRe R e R T PRGR SRR SIB PLt DERTRY CORPorbAYs  at

step 1302.sehhr90D0Mdé B @ldBuratfodltoal@ iRéMal dath RaRBreb UbihERTisd Kervef G682 Vi NG a
source 25 or binary rule 116, rul eset 130, or rul ebase 114. This may al so

i ncl ude r unessissderpets diom thecursaledsslargtiaminte Seapreviquofleclarstion centainedi nar y

rule 116, . eset r . rulgbase 114. .,nformat j.on ,may . co from any

sui tabl e sl{égll%ec%?errsl%l%taasgmgt‘%ﬁ'i@%?n SS’B'ST ilgggﬁgﬁwiﬁn%{? %.bl{el er{ugieﬁiaﬁ%ke t he
rul ebase huitukshie) gses e Vi 022 ma@f gehbitabd @ S@nbelidattdr ruldbke 132 hef ¥&taih® 2he

determ _nes whet her the received rul ebase conponents have the proper format

at stdp 1Fbementhinsthginteinabdatgigrucke. exanpl e, server 102 determ ni ng
whet h h i.ved i j .
ether the IecglyatilbahAne (oIRARRALS: AifuRAntal Aotk D3piirfiRcyipnt s

This may also in erm ni ng whet her e recéive ul ebase
conponent Sndii€) Ibo eRdiHdle PETY S0/ fh?26id thedébrisolidatsd tubebaton dhtintdefarioed i n t he
Rule Defi r]sitrtuict?l?es!'%gaij %ggéturlef coqi(f)e;[si)onS 115;2/ % a%lo L element defined in the Rule
Definition Language. This may also include server 102 identifying links between the
20  various elements of the structures to create interconnections between the structures.
This may further include server 102 creating a binary version of the consolidated
rulebase 114.
Although FIGURE 13 illustrates one example of a method 1300 for rulebase
building, various changes may be made to method 1300. For example, rulebase
25  builder 110 could only receive rulebase components that have the proper format, and
rulebase builder 110 need not convert the rulebase components. Also, rulebase
builder 110 could produce additional information, such as load maps and application
interface documents.
FIGURE 14 is an exemplary flow diagram illustrating an example method
30 1400 for merging rulebase components according to one embodiment of this

disclosure. Although method 1400 may be described with respect to system 100 of
FIGURE 1, other systems may be used.



converts and reformats the received rul ebase conponents into the proper
format at step 1306. This may include, for exanple, server 102 converting
t he rul eb&aoas/oemrponents into an XM. docunent and ref or matPCiTrpos/ 7t ul ebase
components to 5 follow the Rule Defi#liti on Language. Server 102 merges the
rul ebase conponents into a consolidated rul ebase 114 at step 1308. This
may i nclude, for_ exanple, server 102 identifying a declaration of a class
or other data objesar 103 sglegtslagylebasecenmmomentt at stepi B102nyTas smyiindidejdoser ver

102 | ooki Ly.an 4 rnal tructure to determne.i.f a previously
exan ned r %ﬁ%‘gﬁ?ﬁ%ﬁg%or@?ﬁgﬂ? I(?ﬁc ?JtB’@dO%%E?% RBF O Rpgy BHl5hsRe BEmPWée e
class or otlh60 sdpplicdoby eclientl dppliddtion B VeErvaD20BgaEes he estaraidhas to the
internal data structure. Oherw se, server 102 inserts elenents fromthe

current deCPEPSREHAnforfing arHeorsralgbaigseleraenta ehsten i 404 n Thisvedy inajudey dor
i nt d . . b Rl L. . the i.nt |
12 et A48 060 GACE DR AR S

data structur server 1 cOonso
cont ai ns t ldeclarhfond, sneidsscldse dediaratioiser nal data structure. Server 102

conpil es the consoli ed rul ebgse 114 at step 1310. This may _include, for
exanpl e, ser ver%% rg@%ﬁe}?ﬁtst%é‘ﬁ@&?@cﬂlqﬂ&%ﬁé‘as | KA94s eThis mpn insludsy feyus

Struct uresexfagle, Aflsyasd Hﬁiﬁie_ii_ﬁ!i@ saBan e rﬁl@b%@] o nf kﬁ%ﬁ%@f@sﬁﬁfgﬂﬁﬁﬂen t he

Rul e Definition Language. IS may SO I nc erver Yi ng
| i nks bet wedlpctedh gulrbaseacompencal elidht Seofert HE stentest arsemdan] cleamhe that

i nt erconnection e en the struyctures.  This further include server

102 cr j;e)(gti %é’lr%Sp P?t:saﬁo;ﬂﬁ\;esreiche ’b"ﬁe fe e@ﬁ’r‘?% Ia{]ﬁtﬁP Z@SST ulip 48y meldeafqough

FI GURE 13 ikdnusiby alleiasohailesanm) @réainég AEiRRfL1 Ja)g&tftﬁfn Edﬁ‘e%P@rgcﬁ tob’cﬂf' di ng,
e, rufe

vari ous changes may be made to nethod 1300. For éxanp ase 5
bui | der 1101eRase glegany spedcasiapeXMl wishese deonpunent s that have the proper

format, and rul Ll r ed not cgnvert the r.ul ebase co nents.
Al so, rul ebase le%%?fasg{é{);é} 1@3 8%%‘%%%? oducERGHE Ftaﬂ‘%ﬁrgiﬂ?ré}F%rsFWﬁr, r{E)gch as
| oad maps determaippd wdiathenn previoeyly aacoudesedTeRhdard RISAERE hhd the safle GXERP! ary
flow djagramil|ustrating an exanple nmethod 30 1400 for nerging rul ebase

conponeht sT¥CES fﬁbt¢§.W@@%dPﬁﬁ sisp 10s Thif wey dealuds, fod exaowdh net hod
L200. T bRidase s, i SRRET Bt S 8.0y Cofie sl o
rul ebase ceomwpontersd atanddrdpeledBats. THIlds nmyy i 416d Udeludd afulebase builder 110
determining whether a previously encountered standard element has the same name,
resides on the same hierarchical rulebase level, and represents the same type of

20  element as the selected standard element. If any of these conditions is not true, server
102 inserts the selected standard element into the internal data structure at step 1418.

This may include, for example, rulebase builder 110 inserting the standard element
into the appropriate location in the internal data structure based on the hierarchical
level at which the standard element resides.

25 If all three of the conditions are met at step 1410, two separate standard
elements define the same rulebase structure at the same rulebase level. Server 102
determines whether only one of the two standard elements defines rulebase logic at
step 1412. Rulebase logic may include the definition of an expression used to
determine whether a constraint is satisfied, an implementation for a declared method,

30  and an implementation for a rule. If more than one of the standard elements defines
rulebase logic for the same rulebase structure, server 102 generates an error at step
1414.  This may include, for example, rulebase builder 110 generating an error

message that is captured by a message handler and communicated to client application



exanpl e, rul ebase builder 110 sel ecting one of one or nore rul ebase
conponents 1150 supplied by a client application 122. Server 102 parses

t he sel ecvedsnmiiebase conponent into one or nore rul ebasecalEsoymozl at step
1404. This may include, for 5 exanpl e42 rul ebase builder 110 dividing a

rul ebase conponent 1150 into various declarations, such as class

decl arations. Server 102 selects a rul ebase elenent at step 1406. This may
i ncl ude, f¥E2. Iégunkyvne of the sadewd dempute define rylsbasetlogig fetrbe sunepdehase| enent

t hat appe LSt | ecte I 50 102

creat oo o Ll i 162 %rere e HERM, SBRSR SPIRORILS SR parHalfle 2oe

el ement  at fostexampid) Srulebhses buidderi hid tigkertinfgoportiexafng, the Wethadesthndardler 110

creating aq inter‘rge}[jg gbj ecé t hat corresponds. to the rul ebase el enent, such
\

as an XM §lemends e elmertcopgaingdrin thpintareal da@ stHENED T r espondi ng
standarsd el e”e”ﬁervéef()éﬁ%etél%nesd@h&ﬁé’i] t@%%nég@%ﬁfﬁgnﬁ rﬂ[e%%é%}e%‘l%ﬁx\ént@ nGayat er ed

standard el enment has t sane nanme 1 resides at e sane rul ebase

| evel at sdetgotetidiifebaidcampanent he lbedeocdssed etxstap|1420.r Ulf edddfmnblidlebase 110
anal yzing gn internal data structure co i ni.ng. previousl encount er ed

St andar d eiEREE e ersa)Oiuns oL mdsaelistpPaerdebess 13806 m ni ng
whet her a Omemi9d ShieE IE AR WARRI e SteSMRMonB%]dbE& SATONBAERo
resides on the sane hierarchical rul ebase level, and represents the sanme
type of 20beepweessed at stehel 4281 elit aflitimah delebhse | components fremaip, ofrveh 62

condi t;i-ons_jsS not tr server, 1 i rts the selected standard el enent
into tlr?e irﬁm%tglswé’at@zﬁlgﬂe\é?ﬁf gnog%er&nlégasjwfg{ponerﬁ.i s may include, for
exanpl e, rul ebasfiehit hilehasd EOmpoisRtd K48 beAEpHLEREB L Bt@h®Mata dttburé he
appropriate location in the internal data structure based on the

hi er ar chi cagated by servgr 10 centaing dhes stamdnsd ¢lemcntreihat earsdsperd topthe|varighis t hr ee

of the congdit] 1 r t.andar,d el nts
defi ne thgeci éslg&ngyrglfj gg%{é[gébsa ? ér ﬁcr‘[iﬁ e ﬁggt %teﬁ\;ee@g?m%% utﬁélﬁg%g% \% o s‘éléa?o\rgegr 102
det er m nesactibetubizg thaliptemakbdaih strhictuteVFos teartple Osegved ML Soulle bdrh@sBichlly ebase
| ogi cslgt stgg 1412, Rul ebase | ogic may include the definition of an

expr edsi orf1g2g the mirzpal  dats SRR FOEesPRRding 4p nlogics aad i geaerateq bingry

i mpl ement ghiaRsbRE fR 188l ed method, 30 and an inplenmentation for a rule.
I f nmore than onle of tlﬂdz s@éndard el enents defines rulebase logic for the

sanme rul ebase sAlthmighBGURE V4illdshateg@ne rasmplearf aemethiod A408 tfepmedsdidgl. Thi s
may include, . for exanple, rul ebase builder 110 generati error. nmessage
That 1s cdpldiseaRprenas s ARy wthinmetead 0. dor arpmple

appl i cati gQ1¥éRe0B4iRRP 104 B LeOIE A8 Thilebdst component at a time, so rulebase

20  builder 110 need not select a rulebase component at step 1402. Also, rulebase builder

110 could create a standard element for all rulebase components before inserting any
of the standard elements into the internal data structure. In addition, while rulebase
builder 110 has been described as processing a single internal data structure, other
types or number of data structures can be used. Further, rulebase builder 110 could
25  directly compare rulebase XML elements with pre-existing standard elements, thereby

avoiding creating redundant standard elements.

Rule Definition Language (RDL)

In one embodiment, rulebases are defined using a Rule Definition Language.
30  The Rule Definition Language defines the structure and the contents of one or more
XML documents that form the rulebase. In particular, the Rule Definition Language

supports object definitions, such as the definition of classes, fields, methods, and



122. If only one of the standard el enments defines rul ebase logic for the
sane rul ebase structure, server 102 nerges the standard el enents at step
1416. Thiwomagiine!l ude, for exanple, rul ebase buil der 11®Cirnses/1iony
portions fromthe selected standard 4l enent into the standard el enent
contained in the internal data structure. 5 Server 102 determ nes whet her
there are additional rulebase elenents of the selected rul ebase conponent
to be proctadisethstancest ep welbes the dgfiuition pfatonsipivisasnd répe wsganizedeiiéd n,
server 10%&5%&&”3 to step 1406 and sel ects anot her rul ebase el enent.

O herw se,  servéer 102 determ nes whether there are additional rul ebase
conponents to AkhdqugheesRer Défirdtiep Lidgldge hiayardidseried balow éb asfereaosrponent s
remai n, server 102 10 returns to step 1402 and sel ects _anot her rul ebase
conponent .o gystem 149eof, FIGRHAR 4 othep sVbems maxse B]é%ﬁ\“}eﬁ' Defiuitien Lapgeagent er nal
data skruc ' e standard el ements that
corresgond&$%%?ﬁg&§g%ngQXﬂ%Fg%gﬁﬁégé%&gﬁ%ggﬁﬁﬁ%gbase conponents. Server
102 may then take any other suitable action using the internal data
structure. For exanple, server 102 could semantically 15 anal yze the
internal data structures corresponding to | ogic and generate binary
instructions for that logic. Although FIGJRE 14 il lustrates one exanpl e of
a nmethod 1400 for merging rul ebase conponents, various changes may be nade
to met hod 1400. For exanple, rulebase builder 110 could receive one

rul ebase conponent at a time, so rul ebase 20 buil der 110 need not select a
rul ebase conponent at step 1402. Al so, rul ebase builder 110 could create a
standard el enent for all rul ebase conponents before inserting any of the
standard elenments into the internal data structure. In addition, while

rul ebase builder 110 has been descri bed as processing a single internal
data structure, other types or nunber of data structures can be used.
Further, rul ebase builder 110 could 25 directly conpare rul ebase XM

el ements with pre-existing standard el enents, thereby avoiding creating
redundant standard el enents. Rule Definition Language (RDLL) In one

enbodi nent, rul ebases are defined using a Rule Definition Language. 30 The
Rul e Definition Language defines the structure and the contents of one or
nore XM. docunents that formthe rul ebase. In particular, the Rule
Definition Language supports object definitions, such as the definition of
cl asses, fields, nethods, and WO 03/090164 PCT/US03/12071 43 static

i nstances, as well as the definition of constraints and rul es organi zed
into



domai ns. Al though the Rule Definition Language nay be descri bed below in
reference to system 100 of FIGURE 1, other systens may use the Rule

Def i ni ti owoloanguege. 5 Al so, systens may use ot her | anguageaiSoyi1mef i ne

rul ebases. WD 03/090164 PCT/US03/ 120744 44 1. Overview In general, the
Rul e Definition Language allows a user to specify which objects in a

rul ebase 114, such as_cl asses, instances, fields, domains, and rul esets,
may be shared WifNCHI®Yient application 122 as public objects. By defaul t,

ot her objects 5 Ll i ﬁﬁ?tﬁ 4 i j ya

rul ebase 114. ngrs %glﬁééélézﬁi? %I%Igj, 021 %é*’éﬁ%y“‘hgggc?#‘ gélj\/\%oe%ﬁeé:;@e%’gﬂﬁfi eld

i s accessi bbjectasm arlmlﬁse)mm,tsh?ﬂasaflaﬁ&, staposs, Goldd) ddn@erinsﬁ'ﬂh@r&ls:ees, iiiaifidni tion
Language supports t types of rules 116, pattern ymatching rules, an
decision tPoshaed aith : aeeﬁwttapblé%atleﬂ 22 dsPuklic oliest daY idstruito pisF abicdls

chai ni , j [RESY f . i k - kQkng. The
Rule Dot niAEReLERUCHEE 141 3hy i R U RPBpCHlope TRE N Stk

i ncl udi ng fhenmeer snayBspdcenwhetBer eavhs fieldsis oaxicedsibde as ns pasvordifioSadrsags and

I nstance Ref ernﬁ ces. A Nunber represents a generic nuneric datatype that
does not BY¥{9 B’t?Psh bet ween integers and floating-point val ues. The

val ues nmay be ofhd Riaé Mbéfidfion Sﬂ,a%gueig%n dpBfts ARC type® b Ofuitd 1 1 Bluphesn My be
specified using a precision flag. Values may al so be rounded 10 the

near est negivbog migs\aafl Yecigivadragimibgs: Botlhtypes efindes aneaded duming frarward-

enbodi ypent ,; i f. nej ghbor.in al ues ar.e.equi di stant .. . inference engine
112 coul d %aﬁlﬁé’%&ndc‘fg {}bonttﬁegq}*ie{agla%esqseg%%n% Cgﬂ'ﬁ&?%@% the nearest odd
nei ghbor. A BoofTkaRul€D&hLids [anyigdesupportRuEn@hbEALBREIfféefl HatRGpes20
represents, a sequence of Unicode characters and is not case sensitive. An

Associ at i offcludingaRuabges; | Braleansy Strigsodisrogiatisar stances| Wasend destansees.
For exanpl ger.fnE& SOR Nﬁﬁ{b%[)cl%gf@é(nt? e%\;ggﬁerfg:)%kﬂﬁq%ngf dg:gg/bg.?.{%laf %ﬁg hot
or a Ay OwWT a Duck I cer-The e

i nst ance, er son | nst anc nst an
Def i ni t i ondikéugpishgbetoaah dntegappaid fatingpoinablatiesy p@hof vassogiagt bowf such
as onggt 0-ope, one-to-pany -t0o. 25 one, and many-to-many assqci ations.

As a parti TOIEFY &%aniidet cfiecingh of 08¢ MY A2yl b sRrsiféedc Bung asuippgee
| SNanageUEL)E aceant APEC LA Lo RRRRb Bhe ioges NERRIE L MonRage T
Si bl i ngshiparti¢dsi hécdsgdn) ops sobbdiniansif thor neghinring, vaudueale equidistant,
inference engine 112 could always round to the nearest even neighbor or to the
nearest odd neighbor. A Boolean represents a value of TRUE or FALSE. A String
20 represents a sequence of Unicode characters and is not case sensitive.
An Association instance defines a relationship between rulebase instances.
For example, a Person instance may be the spouse of another Person instance, or a
Person instance may own a Duck instance. The Rule Definition Language could
support any suitable type of association, such as one-to-one, one-to-many, many-to-
25  one, and many-to-many associations. As a particular example, the Rule Definition
Language could support Ownership (Owns and IsOwnedBy) associations,
Managership (Manages and IsManagedBy) associations, Spousalship (IsSpouseOf)
associations, and Siblingship (IsSiblingOf) associations. For example, a Duck
instance’s field may define an IsOwnedBy association with a Person instance,
30 indicating that the Duck is owned by the identified Person.
An instance reference in one instance represents a reference to another
instance. For example, a Duck class may define an instance reference to a Person,

identifying the Person instance that owns a given Duck instance. In this example, the



instance's field may define an | sOwmedBy association with a Person
instance, 30 indicating that the Duck is owned by the identified Person.
An i nst arwe sedEsence in one i nstance represents a referemcd/USo3/moot her

i nstance. For exanple, a Duck class mdy define an instance reference to a
Person, identifying the Person instance that owns a gi ven Duck instance.
In this exanple, the WO 03/090164 PCT/ US03/12071 45 instance reference
acts as a ipgamegeferance dets a5 haointersp dheetheriastaneeh Ahwitbithepthandaatypess, an

i nstance ref.erence be in either known or unk L . Jf n a known
srate, u e PHan s aruhedh S m R RS PP TP ookt el 2 or e

a null. Thae ittdnce YefetéBcdRYIub el &ithiep gdfbrzhedart @tnad ot/ BEAGWIL, VEhdIgull N t hat
t he unknown value 5 represents an unknown rel ationship, while a null val ue

i ndi cat es Yo R3Wpe (distiRgeished fom aniwkanwp. valis i thepthesurmewanvalior der ed
col l ectdi o ' : : ove
dat at ypes.eps &Y Friblo IRl diond i B RHS vp PGB 8 bba R o c o
dat at ype. réhdombige Definition Language may or may not 10 support sets of

sets. The Rule Definition Language pay_al so support ot her tatypes, such
as ists, datesh SShEFDESRRIS ANTHIONEIPG CORRTIRR p?élﬁlq_uarfdﬁaa&&ng@eat%g@t% y

deci si ons Jregl j.n gi e : i r 1 ses or
constr ai ntﬁlg}%lgrgesm gngyt}%eh%@ﬁreq;‘gastyﬁ r%s%%%c%Ch&%ceb(??(;sogdgﬁé% illﬁeé&{l%ﬁ%‘ ewer ,
bet t er - defshneld bonf ¢het saméldatetypes ollne Rple Defirition Urageagdeb nug ozl mpe met

creati,ng a rul ebase. 114 qr paortion of a rul ebase 114 t i cl eaner,
ror o dbomwoporf s ontits e Refthensiorchfubes a7 ffip tioee? pibed dleeir S T e

rules in guhebRSE dhied; anfinGnddul € Definition Language may al so disallow
expressions from havi n%diany side effects. The Rule Definition Language nmay

further limt tHe Readielivitiondianguage maxclagdiydigpisions 4 by made by anfenenj ect s.
For exanple, .t Rul e .Refinition Language . imt e e of pointers to
el ds i h Smkadaarisrsfe: s prest AR F ALYy, 1 DR BBl
pattern nedeeRiohgmiakingSto fofwes, b&tapsletifed acntbits.at Ehianddo/ bklps @b dndeurbgd es 116
in a rulebase 114 before inferencing begins and the goi nters are used. In
a par tloculdeveloperd seratigta rulohased it w&iaspastion BE arrylebpess b14 10 Wi clseedir when
rul ebase i . L. STe! i r .
brﬂbllg.da‘?(fmﬂfjlrglegegﬂé 19!1’3} #ﬂh@lgraﬁugéj&ﬁéeﬁgllﬁﬁasté jcl?’eﬂuséeﬁ%t{lﬁ-e'[;ﬁﬁﬁr}u {in

i nf erence "engi ne ore i’nferencin enbodi nent, the

use of poirmntebass hisly Mhe Fde |Ddﬁ11§tﬁﬂl bingwaye heny dlsonidisaiownexpidisionsvdipm
having any side effects.

The Rule Definition Language may further limit the usage of pointers and

20  dynamically-allocated objects. For example, the Rule Definition Language may limit

the use of pointers to fields in an Association instance and in the bind variables used

in pattern matching rules. This helps to facilitate analysis of the rules 116 in a

rulebase 114 before inferencing begins and the pointers are used. In a particular

embodiment, the analysis of the rulebase 114 may occur when rulebase builder 110 is

25 Dbuilding a rulebase 114, rather than by inference engine 112 before inferencing

begins. In another embodiment, the use of pointers may not be limited or may be

limited in other ways.

In addition, to allow third party vendors to add functionality and additional

information to a rulebase 114, the third party vendors could add prefixes to the

30 elements and fields they define and use in a rulebase 114. In certain embodiments, a

prefix may be XML namespace prefix. Inference engine 112 could process any

elements and fields that are defined in the Rule Definition Language and ignore any

other elements and fields, such as elements and fields having a prefix.



In addition, to allow third party vendors to add functionality and
additional information to a rulebase 114, the third party vendors could
add prefiwedswgibhe 30 el enents and fields they define amdéTuses/127a

rul ebase 114. In certain enbodi nents,46a prefix may be XM. nanespace prefix.
I nf erence engi ne 112 coul d process any el enents and fields that are
defined in the Rule Definition Lanquage and ignore any other el errents and
fields, such asThs folewirg desgripiien @ thm%ulrgDaﬁmﬂ@m hangiee 8950009 dapt a

PCT/ US03/ 12 r

Language A0bited Tfioliads s hRAe KETE bbhmelh, O EFIIBife BEGTPEOLE . o

I n the foldoawnizgof@sc NNILI dstunich® agoddseribeal @bing MBackivh-Nboe UFoemt BNF L
descri bed using Backus Naur Form (BNF) notation, and exar‘rtpl es of _rul ebase
O

| ogi ¢ use nqﬁfftxo;a, graugpies vﬁn&eh@e ﬂQﬂw u5q gt natrlien. 5 This i forilisiation at i ons
dtqgd t d.
A S0, On CTbgs Ot BaG0 804 fo ReprOCufPGHERR T 1RIE SYATBE Bnd ERMIAODS o

i nformati cnmuhhlcb usednAlsd,i imothed etnbodivhentt) cuinteasts 114 colitl andude éther fypest es 10
The Rul e Def.i |t|onLn S he follow ng attributes: AbortMg
Attrib = afgd‘ilg gpﬂta M@WMO&@P&WM AppShared_Attrib =

appshared="t rue" L= appshar ed="false" Il Default Cas e S
ensitivity Attri b = case sens="true" case_sens:"fal se" // Def aul t
Col | ection_AttrZ tﬁmentA:tQQMQ type- set" coll _type="none" // Default

Dat aType Attri pe— e ooI ean" 25 ..=
type—)”(@t ring" ﬁﬁgbe IOP gu %Ocﬁy Kﬁ? £°|118W1n§/ Hifibutcs

AbortMsg_Attrib
::= abort_msg="“<StringVal>“ /[ No default
AppShared_Attrib
::= appshared="true”
15 ::= appshared="false” // Default
CaseSensitivity Attrib
::= case_sens="‘true”
::= case_sens="false” // Default
Collection_Attrib
20 == coll_type=*“set”
== coll_type=“none” // Default
DataType Attrib // No default
== type="number” .
::= type="“boolean”
25 .= type="‘string”
::= type="inst_ref”
Enabled Attrib
::= enabled="“true” // Defanlt
::= enabled="“false”
30 Intrinsic_Attrib
::= Intrinsic="true”
::= intrinsic="false” // Default
LocTag_Attrib
= loc_tag="<StringVal>* // No default
35 Name_Attrib
.= name=“<Identifier>* /[ No default
Pa:ramIOType Attrib
:= iotype=“in” // Default
= iotype=“out”
40 PMOptions__Attrib
::= options=“<Options>“ // Default (least-recent, multi-fire)
Post_Attrib
;== post_type=“conditional”
1= post_type=“unconditional”  // Default



enabl ed="true" Il Default enabled="false" 30 Intrinsic Attrib =
intrinsic="true" intrinsic="false" // Default LocTag Attrib :=

| oc_t ag="w6tmsiomg¥al >" /1 No default 35 Nane Attrib ::= nacearsed/dwntifier>"
/1 No default Param OType Attrib iot4pe="in" // Default = iotype="out" 40
PMOptions_Attrib := options="<Options>" // Default (least-recent,
multi-fire) Post Attrib = post type="conditional" :=

post _t ype="uncondi t |]())rﬁ‘élms1°nl_£tt{9bf ault WO 03/090164 PCT/ US03/12071 47

Precision Attrib ..= prosrepien="<niggeyeVal >/ Defads 5&T¢: "0
Priority Attrib ::= limordyuwtrb"d ntegerVval >" Il Default: "0" 5
Resol uti onType_Attri b :remidritpe=ThiegaValrél ued"// Defdf 801t = res

t ype="1s nal _val ued" R&Bﬂi@ﬁ’ﬂ%gﬁttﬁbi b ::= resune_val ="<value>" || No

default 10 Value Attribes: eéa?hkge-vaﬁl\éa#uef' N Delqdef aul t Later sections
refer to these attri bL-I.I-JE}I%S &grgﬁgl ¢As&e, this list defines the actual
val ues an attribute as TRUE and FALSE. In other cases, this

list 15 reflects sy u ich c ynbol i ¢ val ues are
bracketed (<>) and {;qreiﬁ aexpl Sﬂlﬁ%md bel o/\(;:lvf\]%&e?ei11

= value=“<Value>* // No default

Later sections refer to these attributes. In many cases, this list defines the actual
values an attribute may have, such as TRUE and FALSE. In other cases, this list
15  reflects symbolic values, in which case the symbolic values are bracketed (<>) and

more fully explained below.

3. Root Element

This element is the root element of the XML document and defines the overall
20  structure of a rulebase 114. It has a format of®

Rulebase Element
== (‘rulebase’ RB_Atiribs+)

RB_Section*
Rulebase Attribs
25 == Name_Attrib // Required
== LocTag_Attrib // Optional

Rulebase Section
::=InitMethodDef Element
::= Assoc_Element
30 ::= ConstraintSet_Element
::= ExternalLib_Element
:==Class_Element
::=Domain_Element

Name_Attrib specifies a name for the rulebase 114, such as an alphanumeric

35 string. Inference engine 112 may use this name in error and trace messages.
Rulebase_Section includes zero or more sub-elements, and these sub-elements define

the objects exposed at a global scope within the rulebase 114. For example,
InitMethodDef Elements define rulebase-level initialization methods, Assoc_Elements
define rulebase-level relationships between rulebase-level classes, and

40  ConstraintSet_FElements define rulebase-level sets of methods for constraining value



3. Root Elenent This elenent is the root el enent of the XM. docunent and
defines the overall 20 structure of a rul ebase 114. It has a format of:
Rul ebase Wbhanwniled : _ ('rul ebase’ RB_Attribs+) RB SectionPCRUSepaeAttri bs
25 ::= Nane_Attrib // Required LocTa# Attrib Optional Rulebase Section

I nit Met hodDef El enment Assoc Elenment 30 .:= ConstraintSet El enent

External Lib Elenent := C ass_Elenent Domai n El enent Name Attrib specifies

a nane f orassigaments & selebasedeved diglisa Soaginallin flements detings extesnph Bbrafips er ence
engi ne 11 - i qﬁﬁ i r.3n : _Section
I ncl udes ﬁléé{g%g’#hsﬁ%?@"}ﬁg- e ertr@enﬁsl,gﬁg?lglghéégggaﬁél?%%@%t%ﬁ% | %@a’%@t he

obj ects eXpwdeadasaés af oficddq| mshofde amidt biatic tihgtanaek.e b@o@malrl Llerons defingl e,

I ni t Met hodDef El enents define rul ebase-level initialization methods, Assoc
El enents HEPESdCYR IOPRELPAFETS: 1 el at i onshi ps bet ween rul ebase- | evel

cl asses, and 40 | Q1S ' ; <
nmet hodg5 for cor%lm?%ié%g%biﬁﬁgalvt\g%% %Sg%%ﬂgc%l }{ %J%g%/s %égf;ﬂlggd ﬁg@‘ﬁ gliﬁgnment S

t o rul ebaseldveuemdré dewdd, tHexReledefinitiorEl angages sugforisenergingr figgmdnthphir i es
t hat coul d be invok fromthe rul ehase 4 ass El enent efine
rul ebase- lpmlet&lr& 8RS P tfofrgladg?mﬁéfeh%‘ié,aéeaiggst Poc? ﬁ?ﬁ"ﬁhﬁ@i@? *Pomai n
El ements dgin Bb-cleieRP ARG pB8YS) ad0IR Mik DS OVR&GEShaniesAhhy 86 vhitRE Q1 the
sub-el ements may be optional since, as described above and below in nore

detail, t heleRedede®@buhinay ba ovemigdenet lewppisvels. Aba giishpse A4 defines sefe-

ool om0 e od FRREREHAE R RS EaH APy tehor M8 B R e

uni que at sifdpte rlldbagdalsiect Rviak e yrdessover ri dden at | ower levels. If a
rul ebase 114 defines sane

4. InitMethodDef Element

This element defines a method for initializing objects in the rulebase 114 and

15  has a format of:

InitMethodDef Element \
;== (“init_method’ InitMethodDef Attribs+)
[InitMethodBody_Element]
InitMethodDef Attribs
20 = Name_Attrib // Required
== LocTag_Attrib // Optional

InitMethodDef Element defines method logic that initializes level-specific

fields and external libraries. For example, this element may initialize various fields

that are subsequently referenced by rules and constraints. Inference engine 112

25  invokes this method when first loading resources for the level. In one embodiment,
inference engine 112 may invoke this method once. When there are multiple
InitMethodDef Elements at a given level, inference engine 112 may invoke the
elements in any suitable order. The initialization methods defined in this element may
accept no arguments and return no values. The methods may be free to invoke other

30 methods and to access any and all objects within their scope level. In one
embodiment, the methods may be unable to initiate inferencing or attempt to read
fields in the unknown state. In this embodiment, upon detecting any of these
operations, inference engine 112 may immediately abort inferencing with an error

message.



10 naned objects at a given |level, rul ebase builder 110 may nerge those
objects into a single rul ebase object during the nerge process. 4.

I ni t Met howlDavB/ofl1enent This el enment defines a nethod for i ®CTIE0s/oNy
objects in the rul ebase 114 and 15 h#s a format of. |nitMethodDef El enent
.o _ (init method' InitMthodDef Attribs+) [InitMethodBody El ement]

I ni t Met hodDef Attribs 20 ::= Nane_Attrib // Required :.= LocTag Attrib //
Optional | nit MetiH®@lsaentmeayebe sersiiieded seuerpbdiffcsyyit devabnin paplebaseiHds

| evel - speci {.i i.e r i NMLes. €, 4l ment
oy 1 it e ey S PP SR IR e il BRAIEES, Ao Pond L e e
and const rlaveit s\t al giter knele thengmag bd ihliAde ispacdiieasiohd oBthiketlbraehtybereath r st

| oadi ng resources for,  the level. In one enbodi nent,. inference engine 112
may i nvoke® K0S T h Biftestte PoRen (ASPe ra\ﬂélpfr»\wpﬁv@baaeﬁi £t PBHERC

El ementss 1A oDRr | YA L s MhEERRCRISDAN 361112 may invoke the elenents in
any sui tagiha gr er.f“T e annfti a?igzatl (1)n rrel'?ﬁ%ds defined in this el ement may
accept no ar gunenie embbdimtnly thenmitishzates. ofTheldsiit hidgect e fieklecdnseaintso i nvoke

Covel . BRI B A SRenhgpoRR B iy 21 i b 360P°
i nf er enci N@nOains k€. tFdr eRafplef 4 BbldTohfirdiktanAPHePVR a Held BlaxdmiAYes

enbodi ment, upon defecting any of these operations, inference engine 112

may i nmmedisettie ynitibbzation methed shawdd hiplpHo snswethat thiselsdd des bewp indjabeed 64
PCT/ USQ3/ 12Q71 49 Thi I nt .fied at several different
| evel S%Qllgnlbzf ?rﬁIs?atgaggﬁﬁilﬁﬁs%%?ndg}%ﬁ%&?ﬁ%ggh be specified at the rul ebase
I evel , the doneARamplauichased 1heulddeginetn Higefod B Blegiewes thergdbasé her e
may be nultiple specifications of this elenent, but each should have
di fferent lpwglesfollqvéds, nul tiple sub-rul ebases can contribute 5
| ni t Met hodDef El ement:s; B o -ane enbodi nent, the
initialization of fi éﬁ:ﬁ%‘%ﬁgjgg)ﬁ S T sl
shoul%»be sensitive to ?[ A straints and to the fields that such
constrgints rely on. For® , a fiald constraint may rely on a field
Maxi mumAge, constants.max_age = 120

constant.adult_age =21

constant. ValidSymptoms = set(“symptom1”, “symptom?2”,

“symptom3”’)

20 11>
</method_body>
</init_method>

This method initializes various constant fields that are later used by rules and
constraints.
25

5. Assoc Element

This element defines a relationship between fields and has a format of:



so the initialization nmethod should help to ensure that this field has been
initialized 10 before setting any fields dependent on that constraint. A
sanpl e r Wwewaseo1é44 coul d defi ne an | nitMethodDef El enent patr/usa®120al ebase

| evel as follows: <init_nethod nane="ful ebaseConstantslnitializer">

<met hod body> 15 <I[ CDATA] constants. max _age = 120 constant adul t _age =
21 constant. ValidSymptonms_= set("synptom ", "synptonR", “synpton8") 20
]1> </ nmet hod body> éﬁﬁQ‘iLE eﬁft@flhod> This method initializes various constant
fields that are |ater :fseaspy Auperthiy®) constraints. 25 5. Assoc El enent
This el enent defines a Fedlélf@fgﬁbmept bet wééssddRellels and has a format of: WO
03/ 090164 PCT/ US03/ 1207 FicldRef Bleawmat El entrtssocRol€2 assoc' Assoc _Attri bs+)

Fi el dReX El ement  AssogRelceAftribsi el dRef El ement AssocRole2 5 Assoc Attribs

Name_Attrib |/ Assoc nafRameR&fHH red Log Bagocidnid bRéEduidelt | onal Fi el dRef

Element ::_ ('field-ref= fbgﬂa@mﬁﬁgt ri bs+)/0},(ﬁohgent ifierSpec /I Class for
Field FieldRef Attrlmldﬂg@rﬁ&%g Hrib Il Fiel'd name - Required LocTag Attrib
/1" Optional = (“field_ref” FieldRef Attribs+)
10 IdentifierSpec // Class for Field
FieldRef Attribs
::= Name_Attrib // Field name - Required
== LocTag_Attrib // Optional
15 This element may be specified at several different levels in a rulebase 114.

For example, it can be specified at the rulebase level, the domain level, and the ruleset

level. In one embodiment, the association has a name reflecting its significance. For

example, an Ownership association might define how a person owns ducks, a

Managership association might define how a person manages other persons, and a
20  Spousalship association might define spousal relationships between persons.

The Assoc_Element specifies its member fields as FieldRef Elements. Each
of these sub-elements specifies a field name and a class owning or inheriting that
field. Within its respective class, each of these fields may be declared with the
instance-reference datatype (see the DataTypelnstRef Element described below). The

25  specified fields may be for the same class or different classes. For example, a user
may define an association between the IsOwnedBy field of a Duck class and the Owns
field of a Person class. As another example, a user may define an association
between the IsManagedBy field of a Person class and the Manages field of a Person
class. A user can further specify the same field for both association roles, such as

30  where the IsSpouseOf field of a Person class plays both association roles.

In one embodiment, the association’s multiplicity (one-to-one, one-to-many,
many-to-one, many-to-many) may vary according to whether or not the specified
fields are sets. For example, if the Owns field of the Person class is a set but the
IsOwnedBy field of the Duck class is not a set, the association is one-to-many

35  relationship between Persons and Ducks.

The Assoc_Element element may associate super-classes of objects. For

example, it may associate Persons with Birds, and the inference engine 112 may



15 This el ement may be specified at several different levels in a rul ebase
114. For exanple, it can be specified at the rul ebase | evel, the domain
| evel , armaotoh®oniod eset | evel. I n one enbodi nent, the ass®@CraiSopmonas a
nane reflecting its significance. For51 exanple, an Oamership association
m ght define how a person owns ducks, a Managership association m ght
define how a person manages other persons, and a 20 Spousal ship

associ at i mlym@phlcdbf mmp@p&walatmmlm Ao hetieps aar ypeandyarsignd of B Assoc
El emrent s CIfI rrber fields as Fiel dRef Elenents. Each of these
sub- el erre f%ﬁ‘ a field nane and a class owning or inheriting that
field Wt hl n ﬂﬁaﬁaﬁmtdnmmh@ﬁsmee@m @Te;ﬁéﬂeslﬁeciﬁalft&dmkode&laie&ﬁ ared
with the instance-reference dat at}/pe (see the DataJypel nnst Ref . El ement

descri bed aseatdhy sammmlehase kel felobgl fdoriaiy rwgsethes lﬁi?ﬂfytlﬁéh1§£}¥tboé1n&‘°é’§ or
di ff t
the 1 sDun2diRR Rve Bl oy Yofepol RUAIFE: M AlIGREOELEL Wnae 1000

As anot heffiekisdompglebaldevd etasseny defi ne an associ ation between the

| sManagedBy field of a Persaq nd t he Man es field of .a Person
class. A user &Wﬂ?%?asgdgélcf’@% n%Eﬁ%AF"foé gefwtslfétﬂ?? %’i‘?&é‘? flon
roles, sughfAfws30 Where the IsSpouse™d field of a Person class plays both
association roles. In one enbodi nent, the association's nultiplicity
(one-to-one, one-t o-<@ssognameriywherskip® many-to-many) may vary according to
whet héd or not the spefieldi efinathe€lQenséire sets. For exanple, if the Owns

field of the Person cl asigentificAansaé="tPd¢tsohhVe | sOwnedBy field of the Duck
class is not a set, thgaggeoci ation is one-to-many 35 rel ationship between

obj ects. For D”ZKZWFQ%@%%%%@%W??‘;OH? th Birds, and the o
J X & 1) W | ,
i nfer%\ce engi ne 112 , egf}%ggﬁéﬂ

QH% / US03/ 12071 51 pol ynorphically
interpret the rel at|<(/) P A5 betvveen a Person and any kind of Bird (Duck,
Vul ture, etc.). In a ?Cu cul j,rent, the Assoc El enent specifies
fields whose cl assesSaSSPF@aLE=t ﬁ’é’ ruI ebase | evel (global, donain,
rul eset) as itself. IR ?lﬁl_%efé?fﬁ%dlf'ﬁéhlﬂng £>a dommi n-1 evel associ ation may
only reference fields fofenifianame=\Persogl/asses, but not fields for
gl obalOl evel cl asses. <Miedhmpie rul ebase 114 coul d define two Assoc El enments
at the rul ebase | evel <field fe6hhroewsIsSiblimiaf " name=" Owner shi p" >
<identifier name="Person”/>
</field ref>

</assoc>
25

In addition, rulebase 114 could define Association fields. These fields may be
useful for maintaining information that is specific to the association but not to the
individual members of the association. For example, a Spousalship association might
have a DateOfMarriage field. To use association fields, inference engine 112 may

30 maintain instances of associations, and other instances can access the association
instances. For example, a Person instance may need to determine her/his marriage
date. This could occur with an intrinsic method, such as:

marriage date = @getAssocValue(Father.spouse,
spousalship.marriage_date)

35 @setAssocValue(Father..spouse, Spousalship.marriage date,
20010708)

where the first argument specifies an instance involved in the association, and the

second argument indicates the relevant association field.



10 <field_ref name="Oms"> <identifier nane="Person"/> </fieldref>

<field ref nane="1sOmedBy"> <identifier name="Duck"/> 15 </field reff

</ assoc> weasmemehanme="Si bl i ngshi p"> <field ref name="I| sSiPoiritusg&i207
<identifier nane="Person"/> 20 </fief2d ref> <field_ref nane="I1sSi blingO"' >
<identifier nane="Person"/> </field_ref> </assoc> 25 In addition,

rul ebase 114 coul d define Association fields. These fields may be useful

for maintai ni ng®j %m&mm@ﬁlmmtthﬁsasgqs&mﬁ@w@ bm&eﬁg%@&r‘éﬁndm Bh@r not to
the indivigyal {ﬁ‘sﬁgca;\;/a%mf Eﬁaﬁc SS@g} %&518?1, dépﬁ‘e%ﬁ BPL1Gss @o&@q
el 0

association mg Marri age use associ a ?I el ds,
i nference ;emgmge dalaﬁahlybﬁﬁrmabflt}ﬁlfmctlthﬁms afrokesdas umthecsjmusaasiﬂp ot her
i nst ances can.access .the as octauon nsta cese g exanpl e, a Person

C

i nstance rASSPSALIOY- dB it fasent %\@9% Gharie éS' This coul d occur

with ag intrinsic nmeiheg, e%é?é‘-?&hef‘iﬁ
@et AssocVal ue( Fat heg tﬁé} usgfmp mar r| age date) 35
@et AssocVal ue( Fat her. spouse pousa S |p marriage_date, 20010708) where

the first GHdyERt R%hfﬁ@la rAfhek BRSO GSsoc¥ieh (BdadR thike o a&q‘»%cmhitﬁéh and
the second argunment i ndi cates the rel evant association fiel WO 03/ 090164

PCT/ US03/ 10 nang of thekstsee rclasatiend iteriscendne @lsswal aLukgwssecdi@l Berser t r eat ed
as "lendin r t|n sta r t he
Per soﬁllacl acg‘%sS c{)éghdlts e n%mt %lagra ‘é%.};) abfl y SV ufégigsf r}ﬁ%flg act
that Per s@polusalship ebles €dratifereti dsb@:lﬁﬁﬂuﬁ@thﬁckbbp Further if Person plays a class

role in multiple different associations, the associations may need to employ different

field names. Optional special prefixes could be used for Association fields to

circumvent some of these issues, such as by:

15 marriage_date = Father.Spousalship:marriage date
Father.Spousalship:marriage _date =20010708

6. ConstraintSet Element

This element specifies a collection of constraint definitions and has a format

20 of
ConstraintSet Element
== (‘constraint_set’ ConstraintSet Attribs+)
Constraint_Element*
ConstraintSet_Attribs
25 :==Name_Attrib // Required
== LocTag_Attrib // Optional
Constraint_Element
::= (‘constraint’ Constraint Attribs+)
GeneralExpr // Boolean expression
30 Constraint_Attribs
::=Name_Attrib // Required
::=LocTag_Attrib // Optional

ConstraintSet_Element specifies criteria for restricting how values may be

assigned to fields. Inference engine 112 may evaluate the constraints before assigning

35 a value to a target field. The constraints may be associated with fields either by
means of the field’s declaration (using FieldDcl_Element) or by a static instance field
modifier (using StaticinstDef Element). Each constraint’s GeneralExpr may

represent a Boolean expression. This expression references an intrinsic identifier



association. In that case, the above exanples m ght be recoded as: 5
marriage_date = Father.marriage_date Father.nmarriage _date = 20010708 Under
t hi s apprwadh/ofisel d nanmes of the association instance mayCoMesos/mp7nith the
field nanes of the Person class (and 3ts ascendant cl asses). Likew se, the
Person 10 class (and its ascendant classes) may be unable to define two
fields playing Spousalship roles for different association inst es.

Furt her, i@a'pgfl%nvaévwg cfaveTPalis refPismes It fiald atpéop@ﬁ# BPETEES SOBFA i ons,

the associ oh O Yendinkf | ANESinsiONdd @l
speci al pr%%}u%ggg % )%?%gloﬁ’glg oc(ra eRgglfgcl?gt%? %,nséb:sg[{u%sﬂt o} (r:l iSIr cunvent sone
of these ifosaepsymbaic @rénces. 1Therexpressim’ slslee indicates whether the candidate

Fat her. Spousal shi p: marri age. da Fat her.. Spous ip.nmarriage.da =
20010708, e UFRes e Sheaimah e FAPESHPR AE T bRLE PREeRCE Rt b of
constr gi nt Efhit RS i L eRpt .o
(' cons ? r ai Iﬁ?ﬁgg@ﬁ Eo ns tlfé;igsrﬁggg}eﬁﬁﬁﬁie% Zgﬂcgﬁglts g;llﬁﬁe%ér%lb (ra&rnrrgﬁ1 %;ﬁb B

Const r ai nttSka a1 2atiopslepgndent-omherficlst declapation (Refield meulifi¢rd sprgifications. b / /
Optional Constfsai nt. El enent . : ‘constraint' Constraint, Attribs+

Goner ol Expr 11 EpbriaT- SR apesieiehs mSHORhAR) Feer e e CongTR MiBi s 1
Required scepdReERAASHednkbodim&a] the RapresHins tiagindt Sedmt! terest fislneai i es
criteria for restricting how values may be assigned to fields. Inference
engi ne 1100RQWE\sEAle at ealse any: 88 effgFtat dn Hais gmbodisnan ipey detsting ¢ay g€ to a

of The¥r | apiie HETERS ALE el B ARApE A didrt IOl ML) Tonce

field nodirforeesfagel ng StaticinstDef Element). Each constraint's

Gener al Expr may__ represent 0ol ean expression. This expression references
an intrinsic i deEi ?I‘éernt\?@lgﬁg@@@i bl SPneegnge sk gach of these constraints

may have a unique name within the constraint set. This element may also be specified
at several different levels in a rulebase 114. For example, it can be specified at the
15  rulebase level, the domain level, and the ruleset level. Inference engine 112 may
evaluate the same constraint on behalf of several different fields, such as fields of the
same datatype.
A sample rulebase 114 could define two ConstraintSet Elements at the

rulebase level as follows:

20 <constraint_set name="“ThingConstraints”>
<constraint name="CheckAgeConstraints”>
<I[CDATA[

@candidate_value >= 0 and @candidate value <=max_age
1>
25 </constraint>
</constraint_set>

<constraint_set name="“PersonConstraints’>
<constraint name="CheckSympConstraints”>
30 <|[CDATA[
@candidate_value <= ValidSymptoms
1>
</constraint>
</constraint_set>



53 (candi date value) as a synbolic reference to the field s proposed new
val ue. When evaluating the expression, inference engine 112 may substitute
the intriweios/opdentifier for any synbolic references. TheCFAOysdDN' S

val ue indi cates whet her the candi date’4 val ue satisfies the constraint. If
the expression value is TRUE, inference engine 112 5 may permt the val ue
assignnent to proceed. O herw se, inference engine 112 may take an action
dependent on t L on (or field nodifier) specifications. The
expressi on may 4o acc a j Lini.n.its
scope level. | nT%ﬁe&E%%?@% ,elﬂgrﬁefoe)‘% églg?rgn&%aﬁh%o?ﬂg@{e%pya%%aggad
fields in Amctiomakigowithshatsepdieddausee amnyo thxteefidl tibmriek,rsuthias librdbiedi ment ,

upon detecti .a of 0 ese operatjqns,..inference engjpe 112 na
i Prrrpdi at el ?Pdggélil 5‘ ZY%‘P%@_%FC hﬂ@se\/ﬁ‘sF %9’1‘&‘{ g’ﬁ?d‘mﬁé@% élﬁe‘?"tﬁiﬁ‘%isﬂ'é‘]a@ﬁ%ﬂf’n an
defi ne gul {{Rlig AOKAEERI 11 Sthe@deB0 1 %%ﬁft%ﬁ?‘f%\ﬁre@%? %géyvomo Exfifhie 2

uni que nanme within the constraint set.” o0 be specified
at sever al liktefi¢seriEnm thevehdpdint of armulebbseskE 4] 44 extboral Bxamptaild appeanns be
specified e 15 rul ebase lLevel,. the domain | eve], and, the rul eset
Evel | 1 nf kRS R R Wil bR SRS s RO BREThar Febhal o
several diydi@dsend rileBisdsi14 246l iasoltd Bk dSetRddstiighe ERBMaPAbABLY REIt NPl e
rul ebase 114 coul d define two ConstraintSet Elenments at the rul ebase |evel

as fol | onsmethodsdefinsdrinharulsbeseriddeitseifhilnfgeoas enginnt K coulkborespensiie
hame= l@ecf&?‘g&ggﬁﬁ%i iﬂeg i Vé)?:atio<n!s[ %DA[ t%a%? Img’[%ltrltgi_x?fue:t eﬁgg%oﬁlgg)f a gndi dat e

val ue <= nax-a constrain con t set
name=" Per sBaemadlib aklensir> mayC ae@lifeaispécificdiion’ chelkMaspepastis, aiphitorm- 30
<![ CDATA] @andi dat e-val ue <= Val i dSynpt ons ]} > </ constraint>

</ const r ai fEciigs or environment-specific settiigs. As a result, inference engine 112 may or

may not need to include some target-specific code.

15 8. Class Element

This element defines classes of fields, methods, and static instances. If has a

format of®

Class_Flement
= (‘class’ Class_Attribs+)
20 Class_Item*
Class_Attribs
= Name_Attrib // Required
== LocTag_Attrib /I Optional
Class_Item
25 ;= Parent_Element
::=FieldDcl Element
::= ClassMethodDef Element
::= StaticInstDef Element
Parent_Element
30 = (‘parent’ [LocTag_Attrib])
IdentifierSpec // Parent Class

This element may be specified at several different levels in a rulebase 114.

For example, it can be specified at the rulebase level, the domain level, and the ruleset

level. Some or all sub-elements may specify a Name Attrib. Except for method

35 overloading, these names may be unique at the class level but may override names at
higher levels and be overridden at lower levels. Also, except for method overloading,

if a class defines same-named objects, rulebase builder 110 may merge those objects



WO 03/090164 PCT/ US03/12071 54 7. ExternalLib Elenent This elenent allows
users to supplenent the Rule Definition Language functionality with that
suppl i ed wWo oof020164 nore "external " libraries, such as |i brariuses/1mwoded in
Java or C++. These users could then di5stribute the external libraries along
5 wth the rul ebases 114. The External Lib El enent provides a gateway to the
external libraries. Fromthe standpoint of a rulebase 114, an external

library couioda spebarulgasy objest AMRNBoke maeme rMrAgpsHret Hisd§ et FHepapy gan
paramet er g gpu #%yg&%f ta?é ¥ CIAY ?E{le@t%é%nso Vs Scmﬁbg%%e%% L1 § ul d

i nvoke th er na rary as 1t woul ined in

t he rul ebasleritdteihiGaichy. hfl(ﬁlﬁﬂ’@ﬂﬁ&inﬁagl melaaslﬁath\bwhtbﬂost eﬂ@pmmbdlasslo for
mappi ng the invocations to target environnments. The dgé‘bﬁ on of

Ext er nal LiB amagiaar sRip %%lifé céaﬁéémeartepwhedm%ﬁa %ﬁsfsté
platfosm SRECLIILo i&fasé:{%‘(rblr @mptdoﬁpa%'rglegetfeiﬁ mgémbéémﬁnf esillrhain-

i nference engine 11 may not need to |nc ude sone target-specific

code. 15 8evell dsss Eblddebli ddtives] Sboemendtheleflomem-levelsdes add towddst et hods,

and stati c i n%i%ralces JPt ha%cg format of: Class Elenent ::_( class' C ass
Attrlbs+)en§ IppaleveErass Attribs ::= Name Attrib Required ::=

LocTag_Attrib /ih JQpb4iQRa emtddffiont! HEIEY 28 methoB@hRNt o5l iB5BRYe- level rather
Fi el dDcl El ement O assMet hodDef El ement Staticl nst Def El ement

Par ent - El éhamat a 8lass- level( apd fighis' anfl iroesiTads axetat |atp]u)3hc Iretbent thizh ar[gpate oY Par ent
Cl ass §h| s el e

ecified at, sev ent | evel s
rur ebdle PrsteSbEgpediiersf ARBLind Rbuidhel BPp gl FHET gl SRS HE6E) (1
domai n | evah be ai¥thritiBRd The®ehay or may not be support for class containment.
A sample rulebase 114 could define several Class Elements at the rulebase
level, such as:

<class name=“Duck’>
15 <parent>
<identifier name=“Thing”/>
</parent>

<field name=“IsOwnedBy”>

20 <datatype coll type=“none” type=“inst_ref”’>
<identifier name=“Person”/>
</datatype>
</field>
</class>
25

8.1 FieldDcl Element

This element of Class_Element defines a class data object and has a format of:

FieldDcl Element
.= (“field’ FieldDcl_Attribs+)
30 DataType Element
[ConstrainedBy Element]
FieldDcl Attribs

= Name_Attrib // Required
::= ResolutionType_Attrib // Optional
35 .= LocTag_Attrib // Optional

ConstrainedBy_Element
::= (‘constrained_by’ [LocTag_Attrib])
ConstrainerList Element
[ConstraintViolation Element]
40 ConstrainerList Element



| evel . Sone or all sub-elenents may specify a Nane Attrib. Except for

nmet hod 35 overl oadi ng, these nanes may be unique at the class |evel but may
overri de wem®Eb4 hi gher | evels and be overridden at | owPCTIES®RI®71 Al so,
except for method overloading, if a ® ass defines sanme-naned objects,

rul ebase builder 110 may nerge those objects WO 03/090164 PCT/ US03/ 12071
55 into a single rul ebase object during the nmerge process. The C ass

El enent can optional Fy(@p@%ﬂaﬂlsﬁrah?éaﬁé]ﬁﬂ‘a@%ﬂ)])fl ement, so classes can be
organi zed into an i nheldentifie8pét*er ar chy. | n /bApplkerblsdUensireinisa cl ass may
have at nost one par(?:&mstraihaéislatiohrElampmrtlcul ar enbodinment, if a class has
a parent, the parent aaq‘chsttaniCvidisoa’ [leslde Atri])t he same rul ebase | evel

(gl obak, domain, rul esetdnsiamtiigimanoedbment, a domain- |evel class woul d
be derived from anotdekirSarBbRtb ﬁV@}Im ass and could not be derived froma

gl obal -1 evel class. In_g £th 07;.{ eghgdi ment, fields and nethods are at
an instance-|evel rat hgrCo Sm%*e 1%%1% eveI and fields and nethods are
at a pubI ic rather t an l% pr ot ected access |level. A so, in a

parti ar enbodi ne e rent., cl.ass n be instantiated.
Therewray or may not be ‘ ccf ai b"rh%%?% A sanpl e rul ebase
114 coul d define seed alef ¥4 t nts at the rul ebase | evel , such as:
<cl ass name="Duck"> 15 LosAremiib < denti fi er// AaWesal Thi ng"/ > </ par ent >
<field name="1|sOwnedBy*=ARpMsiatrtrippe col | _t yp@ptiomate” type="i nst ref ">
<identifier name="PdasniihtResiiatBleyjpeat> </field> </class> 25 8.1 Fiel dDcl
El emens This el enent of (Qoasitaifi f¥BME’ OeﬁsitﬂaﬁﬁR@uﬁieaAﬁndat)a obj ect and has a
format of: Fiel chlcfﬂsﬁgﬁﬁmesume(A{m&J d" FieldDcl _Attribs+)

:=LocTag_Attrib // Optional

== ResumeVal_Attrib // Optional

The FieldDcl_Element can include field resolution types, which are fields that

20  can optionally specify a “resolution type.” The resolution type applies to the behavior

of inference engine 112 when it processes decision tree rules and can be specified as

either “first valued” (the default) or “final valued.” This setting determines if

inference engine 112 should assume that a field’s first value is its resolution value, or

if inference engine 112 should expect that a field might be assigned intermediate

25  values on its way to its resolution value. For example, an Age field would typically be
a “first_valued” field, whereas a SetOfResults field might be a “final-valued” field.

The FieldDcl_Element can also optionally specify that field value assighments

should be constrained. Before assigning a value to the field, inference engine 112

may evaluate zero or more constraints in the order specified by

30  ConstrainerList_Element. If any of the coustraints evaluate to a Boolean FALSE

value, inference engine 112 may perform a violation action depending on the

ConstraintViolation_Element.  If the ConstraintViolation_FElement specifies a

ConstraintAbort_Element, inference engine 112 may abort inferencing. If that

element specifies an AbortMsg Attrib, the attribute’s value may be the error message

35  text. Otherwise, the error message may reflect default text. If the

ConstraintViolation_Element specifies a ConstraintResume_Element, inference

engine 112 may resume inferencing. If that element specifies a ResumeVal Attrib,

inference engine 112 may replace the field’s current value with the attribute’s value.



30 Dat aType El enent [ConstrainedBy Elenent] FieldDcl _Attribs Nanme_ Attrib
/'l Required ResolutionType Attrib Optional 35 ::= LocTag Attrib Opti onal
Const r ai neoBg/ofilesrent :_ (' constrai ned-by' [LocTag_Attri PLCI/US03/12071
ConstrainerLi st Elenment [Constraint\7l ation_El enent] 40

Constrai ner Li st El ement WO 03/ 090164 PCT/ US03/ 12071 56 _ (°

constrainer list' [LocTag Attrib]) IdentifierSpec* Applicable Constraints
Const r ai nOthgratises i deel tmay (rewghsits ajourrent ovaleg-on' I dborag At toi b)) 5
Constrai nt~ Vi ol ati. ti.0n o] L0t Vol atqi,0 N r ai piAbor t
Berent | CRETLARRL ARelTo ERA Osl e 22y RS o AR

(" const r aidefantleeol mebsagst CahstiaMio speciiiddrat ks NieldDwh Hlembnmtléad niayAipplyi bs

LocTag_Attrib [/ Optional :;= Abort I\/BC%HAttri b Optional. ConstraintResume
El enent 140 :all instaggess of A dichds (hass. CAn Yt JPAY SRECHYt {stages-specific
Constrai nt,Restam Attribs ::= LocTag_Attrib // Optional ::= ResuneVal

Attrib // tional The FieldDcl Element can include field resolution types,
whi ch are fi el dssdniyé fielGiechrrtioptfromm alshypls pelebdsg 144 ‘toelddleut i on type. " The
resol ution type appli to th behavi,or of inference engine 112 when it

i e
processes deci si on & MAMES SEMPOMNhe speci i ed, as
<datatype coll_type=“set” type="string”/>

<constrained_by>
10 <constrainer list>
<identifier name="“CheckSympConstraints™/>
</constrainer_list>
<constraint_violation>
<constraint_abort abort msg="Tnvalid symptoms
15 specified”/>
</constraint_violation>
</constrained_by>
</field>

20 8.2 ClassMethodDef Element

This element of Class_Element defines a class method object and has a format
of:

ClassMethodDef Element
= (‘method’ ClassMethodDef Attribst)
25 [DataType FElement) // Method ReturnType
[ClassMethodParams]
[ClassMethodBody Element]
ClassMethodDef Attribs
:»=Name_Attrib // Required
30 :==LocTag_Attrib // Optional
ClassMethodParams
::= ClassParam_Element
::= ClassParamList Element
ClassParam_Element
35 ::= (‘param’ ClassParamAttribs+)
DataType_Element
ClassParamAttribs
:»=Name_Attrib /l Required
::= ParamIOType_Attrib // Optional
40 ::=LocTag_Attrib // Optional
ClassParamList Element
::= (‘method params’ [LocTag_Attrib])
ClassParam_FElement*
ClassMethodBody Element



either "first valued" (the default) or "final valued." This setting
determnes if inference engine 112 should assune that a field' s first

val ue i s wo3fgmed uti on value, or if inference engi ne 112C3husob/tkogkpect
that a field m ght be assigned intern®di ate 25 values on its way to its
resolution value. For exanple, an Age field would typi caIIy be a "first
val ued" field, whereas a SetOfResults field ght be a "final -val ued”
field. The FieldDcl EFdrasitoddrdy] dochis AdH ) y specify that field val ue
assi gnments shoul d be cbiatemeai’hed. Before assigning a val ue to the field,
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Const r &i ntowIt of PEnEPaifEiRers pde i qeegmbod imgpts (NPEATRALRNS oeY Hice SBRRL, INPHE er ence
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A e, ¢ el Bt bubll BAERClRDy otk o PR (ABERYILES Rl IS,

the error m®ssade bay ajnahbmcpsaraiﬁétau biid trewtiput partieter Caliet Rele rDeﬁnition

Vi ol ati onEl enent specifies a Constraint ResuneEl enen i nference g| ne 112
MRy resume- g Y ponfm?th§$ O¥FTAREME. 8B EHAF BV AsRog areale Rethpdts

i nference u
Lt but o T ey osfége%%%%ﬁ iAbal g iR Uittt may

r et ai A0i t snayunotenlke wad @ecounf Ctldew’avmelmmbs (Gwhstsr the Maryin 0 ipeodEiBnent |
i nference engine 112 may abor t with a def auI t\ﬁfrror rressage

f
Constrai nt b ATIGEPSt 4 F?éeﬂﬁ?depﬂfg?g a@ngWeWI

i nstances q@fatypRe 1fh ﬁieqloa réﬂuﬁ&sa vafud) S&¥erRY rﬁéysﬁaﬁﬂ?qt ésya ﬁﬂ%ﬁ@}f\ﬁa@th%@em fic
5 constraints. A sanple field decl aration from a sanpl e rul ebase 114 coul d

be: <fi el@herise-sgyept 62mnay awifatiy pe 2 quptedysemethed Soper=109t minegey >

<constral neg > 10 str € ist> < td
nane=" Chec,rﬁg?%%&%nsﬂ ?“é‘l% n?éﬂoc{éléh flmta?'al ggD?: 'Inl%sogéd ng%r(s)f?dé]irerlfnetl (SjTSatl on>
<constisai mm@ﬁmdcalada@uhc_tmgﬁ thodahie bxpiesfbm)and beprepieis ¢caddhave no side

effects. Server 102 therefore may disallow function methods from supporting output

parameters, assigning values to fields, invoking procedure methods, or creating or
deleting dynamic instances.
If a ClassMethodBody Element is not specified, server 102 may assume that
20  another rulebase 114 is going to define the method implementation and that the other
rulebase 114 will be merged with the current rulebase 114 before inferencing.
A sample method definition from a sample rulebase 114 could be:

<method name=“HasIstSymptomButNot2ndOne”>
<datatype coll_type=“none” type=“boolean”/>
25 <method params>
<param name="sympl” iotype=“in">
<datatype coll_type=“none” type=“string”/>
</param>
<param name="symp2” iotype=“in">
30 <datatype coll_type=“none” type=“string”/>
</param>
</method_params>
<method_body>
<I[CDATA[
35 return Symptoms.@Set_DoesIncludeVal(symp1l)
and not Symptoms.@Set_DoesIncludeVal(symp2)
1>
</method_body>



</constraint_violation> </constrained_by> </field> 20 8.2 C assMet hodDef
El enent This el enment of C ass El enent defines a class nethod object and has
a format wofo3@bass et hodDef El ement _ ( nethod' C assMet hedDafSomori bs+) 25
[ Dat aType_El enent] // Method ReturnTy¥®e [Cd assMet hodParans]

[ O assMet hodBody_El enent] C assMet hodDef Attribs Nane _Attrib // Required
30 LocTag Attrib // Optional C assMethodParans C assParam El enent

Cl assPar anli st El emswmethodzsspPar am El ement 35 . (" paran
CIassParamA\ttribs+)8 TRE bt Cl assParamAttri bs Nane Attrib //
Required Param OType al 40 ::= LocTag Attrib // Optional

C assPar anli st _THieeement ofn @k &ldedna defings lacdasa gtatic tinstéce object and has a
Cl assPar antl ement* C assMet hodBody El ement WO 03/ 090164 PCT/ US03/ 12071 58
= (et hdaE@ [LocTag Attrib]) Statement* A method coul d optionally
accept ?any nunber ofg gt GNABBE ?E%é?ﬁerf’t‘”y_ datatype, and the nethod may
classity each paranet eL (Eiﬁstgﬁ—ée g{ati@ﬁs{_wfbsﬁ() I n") paraneter or
[FieldModifiers_Element]
StaticInst_Attribs
.= Name_Attrib // Required
10 == LocTag_Attrib // Optional
FieldModifiers Element
.= (“field_modifiers’ [LocTag Attrib])
FieldModifier Element*
- FieldModifier Element
15 = (“field_modifier’ FieldModifier Attribs+)
[ConstrainedBy Element]
[LastChanceValue Flement]
FieldModifier Attribs
.= Name_Attrib // Required
20 == LocTag_Attrib // Optional
LastChanceValue Element
::= (‘lastchance_value’ [LocTag_Attrib])

LastChanceValue
LastChanceValue
25 ::= LiteralConstant Element
::= UnaryExpr // with LiteralConstant_Flement
::= SetConstant_Element
::= IdentifierSpec // Instance name

Inference engine 112 may create a static instance when it loads the instance’s

30 class, and it may delete the instance when it unloads the instance’s class. In one

embodiment, rulebase logic may not be able to explicitly create or delete static

instances. This element may optionally specify a FieldModifiers Element that

specifies instance-specific field characteristics, such as last-chance values and

constraints. The Name_Aurib for the FieldModifiers_Element indicates the affected

35 instance field. This name may identify a field declared or inherited by the instance’s
class.

The LastChanceValue Element specifies a last chance value for the field. For

an instance-reference datatype, the last-chance value may be an identifier for another

static instance or a set of such instances. For a field of another datatype, the value

40  may be a literal constant, a Set constant, or a unary operator on a literal constant. In



5 output ("out") paraneter. In one enbodi nent, paranmeters nmay be either

i nput paraneters or output paraneters by default. In a particular

enbodi menwp ca/opeEisanet er nay not be both an i nput paranet @CTarsd3/se7out put
paranmeter. The Rule Definition Langu#ge nmay support nethod overl oadi ng, so
a class may define multiple nethods of the sanme nane so long as their
paraneter |ists are disti nagw shable. This distinction 10 nmay not take into

account O theduter sase the Bisral sopvianiananbe parEpEOT Feolkan PP%f)taIBr Infepapser
preci si Ons?x}gﬁxem%tlbogmﬁa” k %ﬁhl’x cé eldidl e . fn{r%al-}i@ﬁﬁé?is sﬂﬁ Y

dat at ype nmet hod ret s a va server may classify 't as a
function nednceding ddcistonrirserules rsvehe aiﬁﬁc imance dsﬁmtlyniotf las$-chaipe oabasr e
met hod. Server 102 inposes restrlctlons 0 % tion n&fh ods that may not
be |rrposedm6Y1ni5trlBé'ﬁ§ Suargptes Bt Infargneggngined 13 yall ¢¥er 3nptetieBh net hods are
expressj ons, anghLxMaamt QN6-efeibnb@ %&1% BhidBeld RS bSsi grAtinYEEhoh@P be

therefore may disallow function net from supporting output paraneters,
assi gni ng caasuagsed. o Furdied sipfarmabée ra@omr ouwtaings numyhbdsfound aboeatin rthe or

del eti ng dynani.c errent t cified,
ser velr %023{%‘91’%9?!5%% %ﬁf”edéﬁ-@ﬁ'gf I}ﬁ?ﬂg ffg‘ggce’r}i FAeHsSS 8?’?19&3 tfsj%ﬁf IneI t he
et hod | MdREMEBE ak it SARkksRdS Eléﬁteﬁit hesl maylagp@sgm 1% i insh@cderged with
the current rul ebase 114 before inferencing sanple nmethod definition

from a sangiaEpla epagecauld speeily diderent<penshaintin dore s Fateridge than for a
itm%/ hG 590 g?l\%g%g @29 O}Fhemurs]%glgita9 t AL sﬁeoc;Ll%—élX&qsva O@)%str%ﬁéﬁeihag %Bpl‘?f lf 25

col | _t ypeshaanes oy pectiss! r[ﬂlﬁar/a? glvfdnpﬁelanmmmf&msr@mﬁeaymﬁ leveldd ype="in">
30 <datatype tall - n:%e- none" ){Ee- 'string"/>_</paranm </ nethaod _parans>
<nmet hod bokfpsiraiets, pifesgmeg enging dil 4 masgpply ohe . casstlosd copsizainig eire hemp 1)

and not Sylg%gggssp@% <BR&shie! udeval (synp2) ]]> </ nethod body>

A sample StaticInstDef Element definition from a sample rulebase 114 could
15  be:

<instance name="CurrentPatient”>
<field_modifiers>
<field_modifier name="age”>
<lastchance value>
20 <literal constant value=*“55"/>
</lastchance value>
</field_modifier>
</field_modifiers>

</instance>
25
9. Domain_Element
This element defines rulebase-level domain resources and has a format of*
Domain_Element
= (‘domain’ Domain_Attribs+)
30 Domain_Items*
Domain_Attribs
== Name_Attrib // Required
1= AppShared Attrib // Optional
::= LocTag_Attrib // Optional
35 Domain_Items

::= DomainGoal Element

;== DomainAppSharedFlds_Element
::= InitMethodDef Element

::= Assoc_Flement



WD 03/ 090164 PCT/ US03/ 12071 59 </nmethod> 8.3 StaticlnstDef Elenent This
el enent of Cass Elenent defines a class static instance object and has a
format ofwb oSoatisel nst Def _El enent :_ (" instance' Staticl meT/USO3/1300E +)

[ Fieldvodifiers Element] Staticlnst _Afltribs Name Attrib // Required 10
::= LocTag_Attrib // Optional FieldMdifiers_ Elenent :

("field nodifiers' [LocTag Attrib] Fi el dVbdi fi erEl ement* - Fiel dMbdifier
Element 15 ::_ ( fiel dedtp@iSet hlememndi fier Attribs+)

[ Const rai nedBy_El enent ClssalagigitceVal ue El enent] Fiel dvodifier Attribs _
Name Attrib // Requires Rfleset :ElemeadTag Attrib // Optional LastChanceV

al ue El enent .: | ast chance ' ttr| b as nc Va ue
Last ChanceVal ue’Phlé%lemen Py @%?%hﬁé?%‘(‘%?%{gﬁ 3%%}'@’)5?9 cﬁﬁ%ﬁat

Li t er alsConghRettiok! 1@@@1%11% %egrﬁﬁwpgbmgtmkﬁkeﬂ&mf Icﬁﬁ&fme fle dbﬁfat@nce
nanme | nference engine may create a static instance when it |oads the

i nst ance' gs l@datle drom rulefinse logiaysing k dre_puwé () inginsiecaetbhdn A ulebasoblk t he

It N T T S T e 0 R
speci fy a donefigVoigh tlign apflicatem 122hat

Most sub-elements may specify a Name_Attrib. These names may be unique

10  at the domain level but may override names at higher levels and be overridden at
lower levels. If a domain defines same-named objects at a given level, rulebase
builder 110 may merge those objects into a single rulebase object during the merge
process.

Several of the domain sub-elements, such as InitMethodDef Element,

15 Assoc_Element, ConstraintSet Element, and Class_Element, may be the same as
rulebase-level sub-elements previously described. Other sub-elements, such as
DomainGoal_Element, DomainAppSha;*edFlcis_Element, and Ruleset Element, are

specific to domains and described below.

20 9.1 DomainGoal Element
This element of Domain_Element specifies a goal field for the domain and has
a format of:
DomainGoal Element
= (‘domain_goal’ [LocTag_Attrib])
25 IdentifierSpec  // Backward-chaining goal (Field)

If the Domain_Element specifies a DomainGoal Element, inference engine
112 may backward-chain the domain’s rules in order to resolve the goal field.

Otherwise, inference engine 112 may forward-chain the domain’s rules.



specifies instance-specific field characteristics, such as |ast-chance

val ues and constraints. The Nanme Attrib for the FieldMvodifiers El enent

i ndi cat eswDha/oaifibect ed 35 i nstance field. This nane may i e@emtuisoy1@7fi el d
declared or inherited by the instance2s class. The Last Chance Val ue

El ement specifies a | ast chance value for the field. For an

i nstance-reference datatype, the |ast-chance value nmay be an identifier for
anot her stati éﬁ%ﬁ&@%%’f@@“ Isklemgrt fiqra g samplesytebase coy dfl?eel d of anot her

dat atype, the val ue By ’ {, or a
unary operator on aélklg) mﬁge P%lgﬁlﬁﬁééncwgggwiﬁﬁ%ﬁ# 12071 60
the latter case, the I| ﬁF’é{}— consta&ké erg@x 21 or Bool ean constant.
I nference engine 112 zé) %g‘?’ %‘?{bé es in certain

vel | - défi ned situatiof ng deci si on- tree rules, so the static

i nstance definition of-|ast-chance values my not in |tself guar ant ee t hat
i nference engi ne 112/gempingy er apply them 5 The constraint sub-el enent
specifies that field value assi gnrrents shoul d be constrained. Further
informati on about cq Sl d above in the description of

Const rai nedBy_El enert section. Constraints

a b A
speci fiped at t PIQnﬁePénhéh'trbﬂD@fnaﬁ' Eléﬁiéht |s§é&és mBMs aePby sBRded With tdlieht
i nstance. For exar’g) a user could specify different constraints for a

Fat her . Ag@pplicgtions}22anthaswfasnaiafe. The user may al so specify cl ass- | evel

constraints that a a class. If for a given field
t he user has speci FP?X’“&)?@ﬁﬁha}eﬁﬁd@rﬁg&eﬁg , inference gngi ne 112
may apply the class-Iev gﬁg § i nstance-specific
constraints. A sanple St §‘? 1eWERt i tion from a sanpl e
rul ebdse 114 could 15 Pon@il@ﬁ&%@mﬁﬁ]ﬁ’ét—' $ht Pat i ent " >
<field nodifiers> <ﬂ0§?aéiﬂ?f9@i>ﬂdl@?n1ﬁ$§nﬂﬁm&gb" > <| ast chance_val ue> 20
<literal constant val ue=(‘BBconditien [ligh {bocFageAttablle> </ field nodifier>
</field nodifiers> </isdnditombistltem*
DomainPostConditionList Element
20 ::= (“postcondition_list’ [LocTag_Attrib])
ConditionListItem*
ConditionListItem // Restricted to global fields
::= IdentifierSpec
== FieldRef Element

25 If a domain includes a DomainAppSharedFlds Element sub-element, the

domain itself may be automatically shared with client applications 122. The
DomainAppSharedFlds_Element specifies two sub-elements: one for inferencing
preconditions and another for inferencing postconditions. Each sub-element specifies
zero or more rulebase-level fields. In one embodiment, the list may specify rulebase-

30 level but not domain-level fields. If the same field is specified for both lists, the field
may be assumed to be a precondition field.

The DomainPreConditionList_Element identifies fields both readable and
write-able by a client application 122. The DomainPostConditionList Element
identifies fields that are read-only to a client application 122. Inference engine 112

35 may reject attempts by client applications 122 to incorrectly access fields. In one
embodiment, different  rulebase  domains  may  specify  different
DomainAppSharedFlds_Elements because their input and output fields may differ.

A sample DomainAppSharedFlds_Element from a sample rulebase 114 could

be:



25 9. Domain Elenent This el ement defines rul ebase-level donmain resources
and has a format of. Domain Elenent ::= C domain' Domain _Attribs+) 30
Donai n | twosrs/oosai n Attribs Nane Attrib // Required AppSecaresds/forrib //
Optional LocTag Attrib Il Optional &5 Donmain Itens := Domai nGoal El enent
Domai nAppShar edFl ds_El enent | ni t Met hodDef El enment : = Assoc El enent WO

03/ 090164 PCT/US03/ 12071 61 Copst raintSet Elenent O ass El ement Rul eset
El enent This el enent<4?é@fa1%6?m%ﬂé)le¥ gmaGeralysjonAnalysisiapaehirgdy W88 ~be | oaded
by a client 5 application 122 through the use of the AppShared Attrib
field. Qtherw se, the <dppsbared_field$"oadabl e from rul ebase | ogic using a
dm_push() intrinsic mekpmdondtisrullistrase 114 may share at | east one domain
wi th clsient applications didéstifledhamé=¢aviid>share multiple domains with
client applications 122. Mgsitife¥Rageempps/>my specify a Nanme Attrib. These
names may be unique 10 a&ldgﬁﬁiegggyﬁégcﬁa%eb but may override nanes at

ngner | evel s and be over il thpebaipbovel s 11 o dormin cerines
obj eCo@al nto a singler &’ C%B%m% elfﬁ%t during the ner ge process. Several of
the domain sub-el ements; pg %‘W O N tha? £ Elewa 15 Assoc El ement,
Constrai ntSet El enent, and L NEPE e hter sanme as

rul ebase-1evel sub-el enﬁfﬂ%"%‘i‘@%%@é‘l described. Other sub-elements, such
as Domai n Goal El ement</arpshaichAslsishar edFI dsEl ement, and Rul eset El enent,
are

15 </domain>

The above example illustrates the definition of four precondition fields and
one postcondition field. For each field, only a single identifier has been specified
because there is only a single class instance defined for those fields (so there is no
referential ambiguity). In general, a shared field may be specific to a single static

20 instance so that, for example, a domain may share Father.Age but not Mother.Age. If
the domain needs to share the field for muliiple instances, the
DomainAppSharedFlds Element may specify multiple fields, one for each instance,
such as by:

<precondition_list>
25 <identifier path>
<identifier name="Father”/>
<identifier name="Age”/>
</identifier_path>
<identifier path>
30 <identifier name="“Mother”/>
<identifier name="Age”/>
</identifier_path>
</precondition_list>

The domain could also choose to share a field for all instances of a class. To
35 do so, the DomainAppSharedFlds Element specifies the fields using
FieldRef Element, such as by:



specific to domains and described below. 20 9.1 Domain Goal Elenent This
el enent of Domain El enent specifies a goal field for the domain and has a
format ofwoDsmminGoal Element .: (' domai n_goal' [LocTag_ A&CTrish}/)2026
| dentifierSpec Il Backward-chaining ggal (Field) If the Domain El enent
specifies a Domain Goal Elenent, inference engine 112 may backward-chain
the domain's rules in order, to resolve the goal field. Oherw se,
i nf erence engi ne 11XPHeEPNEBIORLIH chain the domain's rules. WD 03/090164
PCT/ US03/ 12071 62 A s&fjdl eefpemeiAgssal - El ement from a sanpl e rul ebase 114
could be: <domui n nane<idpeifionagorRerwndirAnal ysi s" appshared="true">
<domai n_goal > <i dent i Ki/fesld mafre="Over al | Concl usi on"/> 5 </domai n goal >
</domagn 9.2 Domai népe&hatieilists El ement 10 This el ement of Domai n El enent
species fields to be shared with client applications 122 and has a fornat
of : Domai q@;obo ; lgrend o0 ) I [ 7 rib])
[ Donmai nPre n%%ﬁlfpg%%egff_ Itement'jtgelS1 I%(H;&nglé EI%SE%E%E%{ #ﬁgﬁ&l}%ﬁ Fgggﬁng;r‘t]
Donai nPr e Chixdinty ba bsshil Themesad with dynaprie ¢ustatices, ovhelré Btrhay| had bEqgacticek | b])
Condi tionLi st teim* ., Domai ﬁPos.t %\di i onLi st I%Iflerrent 20 . _

i

(> post con@f PP fttemize gt Fagmuenges fema e el onLi st 1 t ent

Condi tionListltem Restricted to global fields._ IdentifjerSpe Fi el dRef
El enenf The Fiel?iRef_Element car%J spec{}y a parent class as well as a feat class, suc

as:

<precondition_list>
<field ref name=“Age”>
<identifier name="“Bird”/>
15 </field ref>
</precondition_list>

This form is shorthand for all the leaf classes derived from that parent class, such as:

<precondition_list>
20 <field ref name="“Age”>
<identifier name=“Duck”/>
</field_ref>
<field ref name="“Age’>
<identifier name="“Vulture”/>
25 </field_ref>
<field ref name=“Age’>
<identifier name="Robin”/>
</field ref>
</precondition_list>

30
9.3 Ruleset Element

This element of Domain_FElement defines ruleset-level resources and has a
format of:

Ruleset Element
35 1= (‘ruleset’ Ruleset_Attribs+)
Ruleset_Item*
Ruleset Attribs

:==Name_Attrib /l Required
:==DPost_Attrib // Optional
40 == AppShared_Attrib // Optional
== LocTag_Attrib /I Optional

Ruleset_Item
::= InitMethodDef_Element



25 If a domain includes a Domai nAppShar edFl ds El enent sub-el enent, the
domain itself may be automatically shared with client applications 122. The
Donai nAppSbaseaRbds El enment specifies two sub-el enments: omeTfus03/ifer enci ng
precondi ti ons and another for inferen®i ng postconditions. Each sub-el enent
specifies zero or nore rul ebase-level fields. In one enbodinment, the |ist
may specify rul ebase 30 | evel but not domain-level fields. If the sane
field is specified foﬁ=Hﬁﬁﬁiﬁﬂ@¥@$ the field may be assuned to be a
precondition field. The @owadintSeeE&dementi onli st El enent identifies fields
bot h readabl e and wr i:=élads| Blebngnta cli ent application 122. The

Domai nPost Condi t i onLi sERudedHiémeritdentifies fields that are read-only to a

client application 122. Inference_engine 112 35.may reject aftenpts by
client Sappl i caﬁ%%le@?’ét_ 8y WS @ﬁﬁ-@”ﬁé%’@ﬁ% OPP%’P%JQ'. Spfﬂfyoﬁ’@% IHE?FB%‘Eﬁ ment ,
di fferent ehgih@%é @%&lﬁﬁ"@bﬁtﬁti%ﬂx §Ba<%hé Yoréief € B8N0 tOasmhin AR RhakREMAdS

El enent s because thelr 1nput a output fields may differ. A sanple
Domai nApp Shairelttd jsa Eliertepplidatiom! 22 sangthase logibaBy defalic oferdncebangingD

03/ 090164 PCT/ US03/ 12071 .. 63 <donai n._ name="Per f.or ncl usi Qn | ysis"
appshar ed31 %'@coég‘ﬁgﬂg?%oﬁt&‘feé%%@ti&ag g imﬁgsp&ﬁgﬁé%éﬁ)ﬁ fier

name="Factelemdnt may A tsihk 8h AppSRired a6k ficld, optibRaly kpeRify Ml el ffsb" / >
<identifier name="Fact4"/> </precondition_|list> 10 <postconditjon_|ist>
<i dentlDf i és acrassible v erdicntCeppdicagino 22, >Oyepwisecibadilesens pilytascesgblgpioshar ed
fields> 15 <{)dogai.n The above exanple illustrates the definition of four
pr econdi tir'élﬁ $5°eP8d& and  one postcondition field. For each field, only a
singl e identifigrddpasn hegnsiepeanfliipld rukeeRUsRh tdiRhe apslicatibns 8251 rigle cl ass
instance defined for those fields (so there is no referential grrbi guity).
I n gener aldomgins pharesdaryi BYesctiaiic Wemapeitsall may glsg by stjoraatigally shared with

client applications 122, If a ruleset is shared with an application, the Post_Attrib may

15  be set to “conditional.” Otherwise, server 102 may reject the element with a syntax
error. If a ruleset is not shared with a client application 122, the Post_Attrib may be
set to either “conditional” or “unconditional”.

All sub-elements may specify a Name_Attrib. These names may be unique at
the ruleset level but may override names at higher levels and be overridden at lower

20 levels. If a ruleset defines same-named objects at a given level, rulebase builder 110
may merge those objects into a single rulebase object during the merge process.

Several of the ruleset sub-elements, such as InitMethodDef Element,
Assoc_Element, ConstraintSet_Element, and Class_Element, are the same as rulebase-
level sub-elements described above. Rule Element may be specific to rulesets and is

25  described below.

A sample Ruleset Element in a sample rulebase 114 could be:
<domain name=“PerformConclusionAnalysis” appshared="true”>
;.ruleset name="“ConclusionAnalysis”>

30
</ruleset>

</domain>



20 instance so that, for exanple, a domain may share Father. Age but not

Mot her. Age. If the domain needs to share the field for multiple instances,
t he DomawoApp8hneas edFl ds El enent may specify nultiple fielpd¥/usosi0for each
i nstance, such as by: <precondition_ 46 st> 25 <identifier_path>
<identifier name="Father"/> <identifier name="Age"/> </identifier_path>
<identifier_path> 30 <identifier name="Mther"/> <identifier nane="Age"/>
</identifier pdPhRulg &lewashdition |ist> The domain could al so choose to
share a field o I 35 do so, the

Domai nAppShar eEII%F dagllﬂfllét%?% &sae@lcl:lénd%ag a% %t-eg ‘ds using FieldRef Elenent,
such as by: WO 03/ OgﬁﬂﬁéElﬁﬁ&itUS%/ 12071 64 <precondition_list> <fiel d_r ef
nanme="Age"> <identifi er(=rﬂlanRﬁIePgﬁﬁe@F)/ > </field ref>5 </precondition
list> ghis exanpl e specRﬁle§d}t hat the Age field should be shared for all

i nstances of PersonpdHifi Hgay be useful when used wi th dynam c instances,

where it nmay not be PL.ags a r possi l?/llg chtem ze all the instances for
a given field. 10 The: F| enent ({’)%?l fy a parent class as well
as a leaf class, such” ablf nd|t|o B fiel d_ref nane="Age">
<identjifier nane="Bi rd’r/ I >
L) [ | d ocTas Afiri e dre//Optl cond| tion |ist
RuleBody

== DecisionTree_Element
::= PatternMatching_Element

This element may optionally specify, using a Priority_Attrib field, a priority
15 level. Inference engine 112 may sequence rules in the domain agenda by priority
order, such as from highest value to lowest value or lowest value to highest value. If
the element does not specify a priority level, inference engine 112 may assign a
default priority of zero or other suitable value.
This element may also optionally specify whether the rule should be enabled
20  for inferencing via the Enabled Attrib attribute. If enabled, the rule participates in
inferencing. Otherwise, inference engine 112 ignores the rule. In one embodiment,
the rule is enabled by default.
The Rule Definition Language natively supports two types of rules, decision-
tree rules and pattern-matching rules. The different types may be intermixed within
25 the same ruleset. Rule editors and converters, such as rule editors 132 and
transformers 133, may choose to support additional types of rules. For example, the
Infix-to-XML tool could also support IF-THEN rules. Because IF-THEN rules may
represent simple specializations of decision-tree rules, the Infix-to-XML tool can
generate decision tree rules from IF-THEN rules. The same could be true for
30 decision-table rules because, like IF-THEN rules, they could represent specializations
of decision-tree rules.
Some sample Rule Elements from a sample rulebase 114 could be:
<domain name=“PerformConclusionAnalysis” appshared="true”>

35 <ruleset name="“ConclusionAnalysis”>
<rule name="Overall_status”>

</rule>



This formis shorthand for all the | eaf classes derived fromthat parent
class, such as: <precondition list> 20 <field ref nane="Age"> <identifier
nanme="Ducw0/03/096a6§ i el d_ref > <field ref nane="Age"> <i demCiTfises/12071
name="Vul ture"/> 25 </field ref> <fi@l d_ref narne="Age"> <identifier
name="Robin"/> </field_ref> </precondition list> 30 9.3 Rul eset El enent
This el enent of Domain El enent defines rul eset-level resources and has a

format of Rul eset Elenent 35 :: = ("ruleset’ Ruleset_Attribs+) Ruleset
ltent Rul eset Attribs falemamerriondysigdqsiefsd® :: = Post Attrib // Optional
40 AppShared_Attrib // Optional := LocTag_Attrib // Optional Ruleset _Item

= I nit Met hodDef El enmeqtuld© 03/ 090164 PCT/ US03/ 12071 65 Assoc El enent : =
ConstrsintS et Elenent Cass Elenment Rule Element 5 This el enment may,

using a Post Attrib fiekfie Afic-008AdINsiG2E6atg™t hat inference engine 112
shoul d conditionally post the ruleset's rules to the domain's rule agenda

as </rule>

</ruleset>
10 </domain>

10.1 DecisionTree Element

This element of Rule Element defines the body of a decision-tree rule.

15 10.1.1 Structural Elements

A decision-tree includes one or more decisions having the form:

DecisionTree Element
= (‘dec_tree_body’ [LocTag_Attrib])
Decision_Element+

20
10.1.1.1 Decisions

Each decision is named by an identifier (Name_Attrib) and includes the sub-
elements:

Decision_Element
25 ::= (‘decision’ Decision_Attribs+)
GeneralExpr
DecTestGroup FElement™
[DecOtherwise Element]
[DecUnknown_FElement]
30 Decision_Attribs
= Name_Attrib // Required
= LocTag_Attrib // Optional

Although decisions within different rules may share the same decision names,
35  decisions within a given rule may have unique names. A decision may define a base
expression (GeneralExpr) of any datatype. This expression may reference fields and
invoke methods. A decision may also define one or more test groups
(DecTestGroup_Element). It may further optionally define an otherwise clause
(DecOtherwise_Element) and/or an unknown clause (DecUnknown_Element).
40



controlled by a client application 122 or rul ebase | ogic. By default,

i nference engine 112 may unconditionally post the rules to the agenda when
t he rul eswD B®9t16aded. This elenent may al so, using an ApESHEos®RoAttri b
field, optionally specify that the rui8eset 10 is accessible to a client
application 122. O herwise, the ruleset is only accessible to rul ebase
logic. A domain may share nultiple rulesets with client applications 122.

If a domain shares any rules .2 ge LG may al so be

automatical ly I shar ed
with an applica ?%(r?l&t OtuB Iﬁgg&hgt t régphfc’?@%fg %Zp liegst% or%soindi%tfn%{%t??gcg% 2,

Q her wi seanﬁﬁrtmethelieﬂnnay reject the elenment with a syntax error. If a

rul eset is not shared th a cI ent appllcatlon 122, the Post Attrib may be
set to_either "condidscdRy OU(PL WEbndi tional ". Al sub-el ements nay

speci f§ a Nanme Attribi=flHegdesiagreup boche iitlle at  the rul eset |evel but
may override names at hPepéaseExortl s and be overridden at |ower 20 |evels.

I f a rul eset defl nes sa]hmmamad obj ect s at a g| ven | evel, rul ebase builder

110 nay nerge o e obj ect n eba bj ect t he nerge
processy Sevgr eBésnth@l'g“Eﬁ Z% %%BQ%‘I?S ﬁt ¥au§sUc leﬁﬁewbe% 8%% )

El ement, Bémeﬁkmhmstcﬁﬁsmgé RIFSBE debBIVRANY basdnékprdsaivn. ElfeiEekncear e t he
same as ruI ebase- "l evel sub-el ement s descri bed above. Rul e El enent may be

s peC| 19c toginalld2 dinds ahlgastone Ssqurds eomparibopeiniinenca enging| Id 2meriesas | enent
in sarrpl e.rul ebase, 114 coul d b n " Per f or mConcl usi onAnal ysi s"
appshar ed? q%espgmﬁg}é}réxggo%a%%&w&cg%nggl oﬁﬁngn sis"> 30 ... </ruleset>

</ donmai n WO 03/ 090164 PCT/US03/12071 66 10. Rule El enment This el enent
defines a rule and has a format of- Rule-Elenment (_rule' Rule Attribs+) 5
Rul eBody Rule Attribs Name Atﬁd_b_wa&mgil -h3 /e 1se (Busgsjty Attrib Optional
The otherwise clause specifies a default action clause for the current decision
15  and has the form:

DecOtherwise_Element
.= (‘dec_otherwise’ [LocTag_Attrib])
DecAction

Inference engine 112 performs the actions specified by this clause’s action clause
20  (DecAction) if cither there are no decision test groups or else none of them result in a

“true” comparison.

10.1.1.4 Decision Unknown Clauses

The unknown clause, like the otherwise clause, is a special-case action clause
25  for the current decision and has the form:

DecUnknown_Element
= (‘dec_unknown’ [LocTag_Attrib])
DecAction

Inference engine 112 performs the actions specified by this clause’s action
30 clause (DecAction) if inference engine 112 cannot evaluate the decision’s base
expression due to an unknown-field reference.

10.1.1.5 Decision Action Clauses

An action clause can specify one of two types of actions and has the form:

DecAction
35 ::= DecStatements_Element
.= DecRef_Element // Nested Decision



Enabl ed_Attrib // Optional 10 .:= LocTag_Attrib Optional Rul eBody

Deci sionTree El enent PatternMatching El enent This el enent may optionally
speci fy, woimgoaePriority Attrib field, a priority 15 | ewer/ushoimrence
engi ne 112 may sequence rules in the @omain agenda by priority order, such
as from hi ghest value to | owest value or |owest value to highest value. If
the el ement does not specify a_priority level, inference engine 112 nmay
assign a default prl?eﬁg'iaf %‘FS_f‘gq"‘éenSr ot her suitable value. This el enent
may al so optional |y speéideq sienents’ [aelsgAdt®houl d be enabled 20 for
inferencing via the EnaBhtethept™t rib attribute. If enabled, the rule
participates in infEcBatiBlgment herwi'se, inference engine 112 ignores the
rule. §n one enbodi ment (‘det href MdcBef SAteitaip) ed by default. The Rule
Definition Language maRepliibsupports two types of rules, decision- tree

rules and pattern-nmat chingghd Wi The di/f hesigod ninipeReti®iyede i nterm xed

within 25 the same ruleggi,e R edi torsopishagonverters, such as rule
editors 132 and transfornmers 133, may chooSe to support additional types of
rul es.  For exanpl th L. nfiX-10- t.ool coyl d Q p | F- THEN

rul es 1%Bec ause?ﬁ?ﬁﬁ%ﬁﬂgﬁﬁﬁl% ‘@@e (5 %%'f‘g?gﬁ'fmy %‘f@ E%eé%flilg ?e;rétcfrorrﬁls}éof

deci si on- Lta@@ndritd @S be tHBEoIndd. X Upen Pekfotadle e actiensriafeerdeanginent 12 ee
rules fromIF-THEN rules. The sanme could be true for 30 decision-table

rul es becaersunatey the Tule THEiherud Sired’ hesy “repded stalsr @k elatises pscifiasi oM ons  of
deci si on-t : - S.a%5 gzg{gs f anpl e rul ebase 114
coul d be: S{ageg%#g%)gﬁﬁg%ﬁ%%??yﬁﬁ&ﬁ#éﬁﬁg%gn naﬁlgssliagéﬂlg% Shared="true"> 35
<rul eset name="Adedsits-hctiviehysi(DeeRefr Blememy mratOumiladrldesismnweithin thef r ul e>
WO 03/ 090164 PCT/ US03/ 12071 7 <rul e n%rre:" Concl usi on) status"> </rule> 5
<r ul e lpaneurrentecisiongree ryleytlpterence engine 112 pursues the named decision as a sub-

decision of the current decision. For a given rule, multiple decision action clauses
(whether in the same decision or in different decisions) may all reference the same

decision as a sub-decision.

20 10.1.1.6 Test Group Case Expressions

Each test-group case expression specifies a partial comparison and has the

form:
DecCaseExpr

= PartComp_ EQ_Element // = GeneralExpr

25 ::==PartComp NE_Flement /l <> GeneralExpr
»:=PartComp LT Element // < GeneralExpr
= PartComp_LTEQ FElement // <= GeneralExpr
::==PartComp_GT Element // > GeneralExpr
::=PartComp_GTEQ Element //>= GeneralExpr

30 :=PartComp_Range Element //inrange: (GeneralExprl ..

GeneralExpr2)

The partial comparisons (PartComp_xxx_Elements) are described later. In one
embodiment, these expressions do not need to be constant expressions. For example,
35 they may freely reference fields and invoke methods. These expressions may also be

type-compatible with the decision’s base expression.

10.1.2 Nulls in Dynamic Identifier Path




</rule> </ruleset> 10 </domain> 10.1 DecisionTree Element This el ement of
Rul e El enment defines the body of a decision-tree rule. 15 10.1.1

St ruct ur aWoHEB®MERLt S A deci sion-tree includes one or nore @eTiEvyN®7havi ng
the form DecisionTree_Element ( dec’tree _body' [LocTag Attrib])

Deci sion Elenent+ 20 10.1.1.1 Decisions Each decision is named by an

identifier (Name Attrib), and includes the sub- el epents: I si on_El ement
25 :: (' deci silBgue pebpdimsat, & dymppacidentiisi @%‘flﬂc%%ﬁ%léﬁﬁ_@%nent*

[ DecOx her wi I tentei€cUnknown_El enent ] 30 Deci sion Attribs
Nane_ At t r%ﬁlﬁ?ﬁdggﬁ?%t]gg e 1éicTag_At trib // Optional Although decisions

within different ruI@@ﬁg\yﬁ%@&&d}o%emggaggkpn names, 35 deci sions

within a given rule e ue nanmes. A decision may define a base
expr essi orspofauymadyEXde)a Mill falyiedaf atnyiflezaluthis slexriasingrbasayxpredsiorence
fields and invoke nethods. A decisiqgn may al so_define ofne or nore test
groupsS ( DEalnateryiBigenee saging )1 12 maynfajl f}{?rlﬂlﬁea‘n@ﬁﬁ iosRaciiies fur eheare

ot herw se S ( ' I to) 4 s oWN cliise
(Dchnknov(\:EA“E%éerr[efr?t E . %gﬁ%"ﬂoege%ééo?g[j %F%sltlac%%éo /ai ?iil’ ﬁlggf\é% é1. 1. 21 1I%eci si on
Test G oupsayE&ihtheasdt qgsobpt =pwae Witsothaetest caves. e IL asallevglucemsdaterdedand an

action cl ause, . o . . . .
whlﬁ: performing an action, inference engine 112 may abort inferencing with an error.

Inference engine 112 may also consider action statements. For example, in

10  these statements:

isTrue = Duck1.0wnedBy.SpouseOf Name == “fred”
// SpouseOf is null
isTrue = Duckl.owner.age > 5 and Duck]1.spouse.age <5
// Owner and/or Spouse are null
15
rather than aborting, inference engine 112 may evaluate the relational sub-expressions

as false. Likewise, for base-expression premises, such as:

eval Duckl.owner.age <5 or Duckl.spouse.age <5 // Owner is null

20 inference engine 112 may fail the individual comparison. However, if Owner is nuli,
Spouse is not null, and Spouse is sufficiently young, inference engine 112 may still

evaluate the base-expression as true.

10.1.3 Example Rules and Behaviors

25 A decision-tree decision may be similar to the switch statement found within
C, C++, and Java. The decision’s base expression may correspond to the switch
expression, the test group case expressions may correspond to the switch’s case
statements, and the decision’s otherwise clause may correspond to the switch’s default
case.

30 Here is an infix-code example of a very simple decision-tree rule reflecting a
single decision:

<rule name=“Factl _is_true>
<![CDATAJ
decision main
35 eval Fact2



and it has the form DecTestGoup Element 5 .: (" dec_test_group

[ LocTag Attrib]) DecCaseExpr+ DecAction Inference engine 112 conpares the
val ues ofwoDhg/oeEse€ expressi ons (DecCaseExpr) agai nst thePealuses/ofo7t he
decision's base expression. If inferedce 10 engine 112 finds at |east one
"equal " conparison, inference engine 112 perforns the actions specified by
the group's action clause (DecAction). 10.1.1.3 Decision O herw se O auses
The ot herwi se cl ause gﬁ@cifies a default action clause for the current

deci sion 15 and has t hease gfalse: DecOt herwi se_El ement  Cdec ot herwi se
DecAction Inference engi i Fatt! pbneéendrs t he actions specified by this
clause's action clausend 20 (DecAction) if either there are no decision test
groups5or else none[pf themresult in a "true" conparison. 10.1.1.4
Deci si on Unknown C ays@s- The unknown cl ause, |ike the otherw se clause, is
a special -case action clause 25 for the current decision and has the form
Decnknown Bl emBl oxampl6 4€ ud BERONEN: P FERCeAllibhAl] Ir-nReCARE! AR 4 erence
engi ne 112 perforns e actions specifie y this clause's action 30

cl ause ( Datwact ioRUE fif Fadi2isdfkleSEngi ne 112 cannot eval uate the decision's

base _expressi due tg an unknown-field reference. 10.1.1.5 Decision
Act i OHSCI auses eg&ﬂpﬁﬁr@fa‘;{égr tl’%%)@(‘:‘}t*@eg‘??éﬂ‘ms'tm types of actions and

has the form DecAct;Rha3r=l9960kAne BRI4sS siehgment :: = DecRef El enent I
Nest ed Deci si on WO Qaf(ggg%gff PCT/ USO3/ 12071 69
decision main
eval age
15 then
case <21.5:

decision subl
case >=3(..<=32.
case >=41..<=55.5;
20 decision sub2
case >32..<41:
do end
otherwise:
do Fact4 = false end
25 unknown:
do Fact4 = true end
end

decision subl

30 eval Fact2
then
case =true:
do Fact4 = false end
otherwise:
35 do Fact4 = true end
end

decision sub2

eval Fact3
40 then
case =false:
do Fact4 = true end
otherwise:
do Fact4 = false end
45 end
1>

</rule>
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statenent-action clause (DecStatenent® El enment) specifies zero or nore
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pur sues ¢ HE b e ofids SHehdn dGE oF 130 e £Roh M 6 prb L RANGE FRAIRE T
a given rygigingnt ralplis dedicsive treadikic Gehatia)s ds otienrasdsgsudhnast dreageante
decision or_in different decisjons) nmay all reference the sane decision as
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range: (G%E'Qfe@iki%ﬁ%s}éréﬁ%g.era' Expr2) The partial conparisons (PartConp Xxx
El ements) are described [ater. In one enbodi nent, these expressions do not

need 10 be constant expressions. For exanple, 35 they may freely reference

fields and i nvoke net hodsl. The BXDI B3 ivtlans may al so be type-conpatible
with the decision's base%&é@—é%rp—-%m 1.2 Nulls in Dynamc ldentifier
Pat h 10.1.4.1 During Rulebase Compilation

In one embodiment, rulebase builder 110 may assure that, for a given
decision-tree rule, all decisions are uniquely named. In this embodiment, rulebase

15  builder 110 may also assure that exactly one of the rule’s decisions is not referenced
as a sub-decision by any other decision. Rulebase builder 110 may distinguish this
decision as the rule’s root decision. A rule may specify decisions in any order without
regard to how decisions may reference one another as sub-decisions. Multiple
decision-action clauses may specify the same decision as a sub-decision. Rulebase

20  builder 110 may disallow self-referencing decisions and “cyclic” references amongst

decisions.

10.1.4.2 During Inferencing

In one embodiment, inference engine 112 begins rule processing in the root

25  decision. In this embodiment, inference engine 112 may then, according to the results

there, proceed to at most one of that decision’s nested decisions. Decisions may be

nested to an arbitrary number of levels, but at each level the behavior of inference
engine 112 may be similar.

For a given decision, inference engine 112 first evaluates the decision’s base

30 expression. If that fails due to an unknown-field reference, inference engine 112

performs the action for the unknown clause (if one is specified). If there is no such

clause, inference engine 112 immediately terminates rule processing in a pended state.



WO 03/090164 PCT/ US03/12071 70 In one enbodi ment, a dynam c identifier
path could include a null value. For exanple, in the statenent: Duck

1. OmedBywodpouse S . Nane = "fred" SpouseO may have a nul lPCraisogi12orf a nul |
value is detected during base-expressi3on 5 evaluation, inference engine
112 may fail the rule (unless it specifies an otherwise clause). If a null
value is detected during test-case eyaluation, inferenge engine 112 may

fail the test dhiséerprge fngientlAduchesstubycvalyaies thesdroisiqn's Rase RxpresiPe | s
detected .\hij . ' i I ks [ 1 t

i nferenci ﬁ%@%ﬁlk?%gl%ﬁ%”%?&t%# gﬁﬁggexgkééglﬁfé%%gmﬁé%iﬂgg%}lgegggr%égﬁ;?ﬁ’s;ecti on
st at ement sxpilessiorsx aiitrencd engidé 11 Deddtssiest goepst 81 thesdhdere specified by the
Duckl . OmedBy. Spousef . Name == "fred" // SpoyseCk, is null isTrue =

Duckl . owndiecibige IV ahia Facibifsk BrouRpiBiiEIce e 132 Viyits i EreABsToBBuse ar e
null 1§ r%ﬁé‘&ﬁeﬁ{%@&ﬁ@@%gttﬁé“&stg—r% rence engine 112 may eval uate the

rel ati onal sub-expressions as false. Likew se, for base-expression

preni ses, suchUgen detadtinpuekiruowass; . infpeence SengineDl ¢k | perfpmgsibat againg 5 //

Omer is null , 20. i nfﬁrencef ngi ne 112 ”f}iﬁ;f aitl t he in i\é/nigdual coqpari son.
However, iFOWBMEHOPE Hjone of G5 ses PanY Of s fFTt SFAHS 28R e e S8 ent | y
young, i nfiaDenR& RBHMS tHeldhsMisssélhhde’s RYshdI@f gefided) bAske @XRIRESI AR as

true. 10.1.3 Exanple Rules and Behaviors 25 A decision-tree decision may be
simlar toredessingunachailed siatenent found within C, C++, and Java. The

deci si,Qn' s base, expressi on (o) i C r | t he
tost dPoup case SYRPEREFEul Ty CBhT BESERY PrbRfsRbl. ¢ T B0, FILAR

st at ement sngiaBd 12 hermdfgtes ihde pocetshny i 5 Giilel 3tise Walyergisel ffpond dngidehe
switch's de?ault case. 30 Here is an infix-code exanple of a very sinple

deci si on- til@derpyinatesalq Eeesspigean a dirstgreended $3ten: <rul e
nane="Factl is true"> <! [CDATA[l decision main

10.1.4.3 Rule Pending for Case Expressions

15 Inference engine 112 may view a test group’s case expressions as alternative
qualifications for a common action. If any of the case expressions result in a true
case, inference engine 112 performs the group’s action..

If case expression evaluation fails due to unknown-field reference, inference
engine 112 evaluates other of the group’s case expressions for a true case. If one is

20  not found, inference engine 112 terminates the rule in a pended state.

As a result of this handling, a test group with multiple test cases may not be
semantically equivalent to multiple test groups each with a single test case. For
example, given the test group:

case < minimum
25 case > maximum
case > dangerous_range start .. < dangerous_range end
do
DoSomething()
end

30 inference engine 112 fires the rule if the base expression’s value falls within a
dangerous range, even though the minimum and maximum values are unknown.
However, given the following seemingly-equivalent test groups:

case < minimum
do
35 DoSomething()



35 eval Fact2 WO 03/090164 PCT/US03/12071 71 then case =false: do Factl
true end end 5 1]> </rule> This exanple is the equivalent of a
nor e-t r adwoiodogied F-rul e. The rule sets Factl to TRUE i f PEXAiSA3/1%7FALSE.
10 Here is another exanple reflecting/4multiple decisions: <rule
nane="Determ ne Fact4 status"> <! [CDATAl decision main eval age 15 then
case <21.5: decision sgb 1 case >=30..<=32: case >=41..<=55.5: 20
deci si on sub2 case >3%1%<41: do end otherwise: do Fact4 = false end 25
unknown: do Fact4 =3¢ GE&1&HEUWend decision sub 1 '30 eval Fact2 then
case =true: do Fact4 €ofal se end

DoSomething()

5 end
case > dangerous_range_start .. < dangerous_range_end
do
DoSomething()
end

10 inference engine 112 immediately terminates the rule in a pended state if the
minimum value is unknown, even though the maximum and/or range values are

known.

10.1.4.4 Rule Pending for Statement Actions

15 While performing a rule action, if inference engine 112 detects a reference to
an unknown field, iinference engine 112 immediately terminates the rule in a pended
state. Upon re-starting the rule, iinference engine 112 resumes execution within the

action that previously caused rule pending.

20 10.1.5 Miscellaneous Considerations

Inference engine 112 can both forward-chain or backward-chain decision-tree
rules. In one embodiment, although a decision-tree rule can create dynamic instances
(via the inst_make intrinsic method), it may not otherwise access dynamic instances.

In this embodiment, it can only reference fields and methods for static instances.

25
10.2 PatternMatching_ Element
This element of Rule Element defines a pattern-matching rule and has a
format of:
PatternMatching Element
30 == (‘pm_rule’ PM_Attribs*)
PMBindVars
PMPremise_Element
PMActions_Element
[PMOrderBy Element]
35 PM_ Attribs
::= PMOptions_Attrib // Optional (see values below)
::= LocTag_Attrib // Optional

// for PMOptions_Attrib:
PMOption



ot herw se: 35 do Fact4 = true end end decision sub2 eval Fact3 40 then
case =false: do Fact4 = true end otherwi se: do Fact4 = false end 45 end
11> </ ruwex»3w®di168/ 090164 PCT/ US03/12071 72 This rul e evacuatsey1am age and
conditionally perforns actions based ®n the result. In some cases (such as
an age of 15), the action is to process another decision (giving the rule
its distinctive tree-like behavior). In other cases (such as an age of 5
35), there are no actiorBoXEC§¥rform In this exanple, a decision test
group can "stack" cases‘suglefget o share actions (such as for ages 35 and

45). The use of, an _unknown .cl ause catch i o) t IS
unknown, and tIrqBISJE B Sgﬁmf}{?@r% 1g18rec<?p§i?%1§a%gae%dﬁégﬁlg%ﬁétﬁngna?@ﬁo %covered
by deci si gideti®Sbf BisRUOSbindfhgd OndstAbcdiiyiid ehaheBelfavicrengbe 14 fikes the

Duri ngRul ebase Conpi | ation In one_enbodi nent, rul ebase builder 110 rmay
assur & t harle onlyronge gfoy dipe fisbbindingh or pwdiinle tiges {fqr alicindingys By defat: quel y
nanmed. In. this. e i r 1 I : t hat
exactly olrllltéé}(% °% %%?@upglénaagg‘li{egﬁg%gn‘%%ﬁn%? Irgrtg eﬁrrget@égi@%%&laégagg?%}eéé?si on by
any ot her ardefieshorule Rl atltdasdingi | der 110 may di stinguish this decision as

the rule's root_decision. A rule may_specify decisions in order w thout
regard to how dewnsP¥nditiky SP@%lg?SeH%léﬁlﬁﬁé)P&H’a% htg}F OQ%BIJW:Q‘%/SCPW'

Mul tiple i Si t,on cl auses may specify the sanme deci sion as a

sub- deci s?%ﬁﬁ&%j?‘glgg%g}go buil der 110 may disall ow sel f-referencing

deci sibns and "cycl bptionsefmogrcey, angabst’

The options may also be specified in any order.

The PatternMatching Element may include three sub-elements for bind-
variable  declarations (PMBindVars), rule logic  (PMPremise_Element,
PMActions Element), and an optional sorting specification (PMOrderBy_Element).

15 An infix-code example of a pattern-matching rule from a sample rulebase 114
could be:
<rule name=“Itemize persons_without_any siblings™>
<![CDATA[
for
20 any person p
if

// person never had any siblings
p.IsSiblingOf.@fld_isunknown()
// person currently has no siblings
25 or p.IsSiblingOf = set()
then
var msg is string = “No sibling for: “ & p.@inst_getname()
@engn_tracemsg(msg)
end
30 // Sort items in ascending sequence by age;
v/l For equal ages, sort by recency (most-recent first)
options mostrecent
orderby p.getage()
1>

35 </rule>
This rule runs through all instances of Person and itemizes the ones without any
siblings. The results are ordered by age. Where ages are the same, more-recent

bindings precede less-recent bindings.



decisions. 10.1.4.2 During Inferencin In one enbodi nent, inference engine
112 begins rule processing in the root 25 decision. In this enbodi nent,

i nf erencewengiomased12 may then, according to the results Plaspy/mooceed to
at nost one of that decision' s nestediedeci sions. Deci sions may be nested
to an arbitrary nunber of |evels, but at each | evel the behavior of

i nference engine 112 naybe simlar. For a_ given decision, inference engine
112 first eval kattes-mpshigciugsomay braseore shynaw aadi gromapticallyieagtaia s due

to an unke -fi . 1 ef 1 of : i :ne he tion
for the un ﬁ%\%ﬂ% %F%ﬁgsng’ ?‘lr“?d?g%golhg gl%gcral%%}lgg?ﬂ% ff]p ilrgl%derlg ét&@é‘gﬁl g%jchF@Igl ause,

i nf er ence eemgplesa dikizlé rote dhantfeddy offeohitsedf, and tharebypcaadstss al sibhing-spnded
state. WD Q3/090164 PCT/US03/ 12071 73 If inference engine 112 successfully
eval uat es I¢RHEONFBIIRSS ®base expression, inference engine 112 next

appl i eg that expressiQR'naleraalnstif alrel £8 shafAURLEMSE> €Xpressions.

I nference engine 112 yjisid gpApst groups Tn the order “specified by the

deci sion. Wthin each tgst group, inference engine 112 visits the case
expressions in 5 the order specified by the test group. Upon detecting a
true case, inference engifeP? ?ngéfrforms that owning group's actions. If
none of the cases in any 3¥PP&Pest groups apply, inference engine 112
eitherloperforms t he ot h’érvvi_se-cl ause's actions (if defined) or else

term nates rule processi/hdifferenppgragused state. 10 A statement-action cl ause
may be enpty or non-enptyl $fpZnpty, inference engine 112 term nates rule
processing in a fail ed st/apason@nbealvdade sibiinfer ence engine 112 term nates
rule processing in a firegdapot pPERSHingOa@set HoesindudevR(p?) Pendi ng for Case
Expregsi ons 15 I nference /epgidie sakd sibliyigy/i ew a test group's case

expressions as al ternativgq pquadiblin & @OASddemids&APPUBRGIJoty- | f any of
the case expressions regult in a true “case, inference engine 112 performs
C
7,

th ' tion.. If i | uat i fails d t
unﬁng\r/\n(ij]?i ZI SCrIe?Qr ence, |1§i§§§ ﬁﬁgé’;ggﬁéf:g%ﬂlesgl ugit ez o?ﬁeroof t he

group'§ case expressions e is 20 not found,

i nf er éfce engi ne 112 teffi nates the rule in a pended state. As a result of
this handling, a test roup with multiple test cases nmay not be

semantical |y equivalémlet o multiple test groups each with a single test
case. For If a dynamic identifier path includes a null value, inference engine 112 may
perform the same actions described above with respect to the decision tree rules.

25

10.2.1 PMBindVars Construct

This construct declares the bind variables for a pattern-matching rule and has a
format of:

PMBindVars
30 ::=PMBindVarDcl Element
:>=PMBindVarList_Element
PMBindVarDcl_Element
i:= (‘bindvar_dcl’ PMBindVarDcl Attribs+)
IdentifierSpec // bindvar class
35 PMBindVarDcl_Attribs
::= Name_Attrib // Required
::= LocTag_Attrib // Optional
PMBindVarList Element
:=(‘bindlist’ [LocTag_Attrib])
40 PMBindVarDcl_Element*

This construct can declare one or more bind variables. Each declaration

specifies a variable name (as a PMBindVarDcl Attribs Name_Attrib) and a class



exanpl e, given the test group: case < mninmum 25 case > maxi nrum case >
dangerous range_start .. < dangerous range_end do DoSonething() end 30
i nf erencewergioped 12 fires the rule if the base expressi owC3y/vsas/u®7f al | s
within a dangerous range, even thougl the m ni num and maxi num val ues are
unknown. However, given the follow ng seem ngly-equival ent test groups:
case < mnimum_.do 35 DoSonet hi ng(g WO 03/ 090164 PCT/ Usg%leO?Jl 74 end
case > nmaRimenPilderenbiadaenabiesmay Be assgciatedav ﬁﬁ’rﬁj@"dﬁ EeREcassit .. <
danger ous e/ Epaﬁg thing() end 10 inference engine 112

i medi at eF{’/xatpgrm ng?dggfétc e rg%e in a pended state if the mninumvalue is
unknown, even thoughny paserapxi nrum and/ or range val ues are known. 10.1.4.4
Rul e Pending for Stahgdwikid Actions 15 Wiile performing a rule action, if

i nference engine 112 detects a reference t? an unknown field, iinference
engi ne> 11theigeneraieddirly Defipriondaaeuagh€0dqsid he'a pended state. Upon
re-_startihng the rul QPh{dhgtgerence engi ne 112 resunmes execution w thin the
action that previously. e > pendi ng. <« 1.5 M scel | aneous

Consi derations Infer eﬁ%g&gﬁ Cg}l{ééijﬁ%zc o 1&!-13%_hg 8%\%;1& chain or

i ifier name= r%on’ P
backwar d- chai n deci si op: flenitiier 1 pe
</bindvar_dcl>

10 <bindvar_dcl name=“d” loc_tag="Line#3”>
<identifier name="“duck”/>
</bindvar_dcl>
</bindlist>

As described above, the loc_tag field represents a field that inference engine
15 112 may include in error and trace messages. The loc_tag field need not be processed
by inference engine 112 when performing inferencing operations. In addition, the
loc_tag field could apply to hierarchically lower elements in the Rule Definition
Language, unless the lower elements override the loc_tag value. As a result, the
loc_tag field could be used to attach source-input line numbers to XML elements.
20
10.2.2 PMPremise_Element

This element defines the rule’s premise:

PMPremise Element
::= (‘pm_premise’ [LocTag_Attrib])
25 GeneralExpr

The GeneralExpr may be a Boolean expression that references all of the bind
variables declared for this rule. Otherwise, server 102 may reject the rule with a
syntax error.
30
10.2.3 PMActions_Element

This element defines the rule’s actions:

PMActions_Flement
= (‘pm_actions’ [LocTag_Attrib])
35 Statement™

The rule actions may reference some field values via bind variables, but server 102

may not insist on such references.



rules. In one enbodi nent, although a decision-tree rule can create dynam c
I nstances (via the inst make intrinsic nethod), it may not otherw se
access dywemwmoiinst ances. I n this enbodinent, it can onl ycrafses/eace fi el ds
and nethods for static instances. 25 0.2 PatternMatching El ement This

el ement of Rule Elenent defines a pattern- mat ching rule and has a format
of : PatternMatching Elenent 30 .: ( pmrule' PMAttribs*) PMIindV ars
PMPreni se El enent PMActions El enent [PIVDr derBy El ement] 35 PMAttribs
PMOptions Attrib // QD'[I?61§| LSE6. M , LocTag_. Attrlb Optional for
PNQotlons Attrib: PMptio O U3 _T1/US03/ 12071 75 "nostrecent'
singlefire' ThisSelémiére spediﬁ&p@ﬁeﬂa/fmrmrtmg mstarccopinidimgs and hhs elfoisnatThese
options affect the ordering of instance bindings (inostrecent) and whet her
inferenceoﬁngi ne 112 fires the 5 rule only once (for the first binding) or
mul ti @be times (forp ;%d)rdgllgij ¢ By def ault, inference engine 112 may
order bindings in a t)t ,|[ (?‘%a% hion (least-recent) and fire the
rule for all bindings” E& r Fos % §H;p_ltiple options, the
options may be coma- ’fﬁl ) 4, such as 8’§ ns="nostrecent,

si nglefire” Tﬂfﬁlso&bﬂn@ﬁtsspéﬁﬂﬁeﬁzétb bﬁnﬁa@@(NLfmlﬁﬂ drnStainy eﬁﬂpcbgslons'l' e sort
Pat t er nMat chi ng_El enent nay include three sub-elenents for d- variable
decl ar at i emtstie.PREEicacaengine Yl imay B sort pigsiesby éhqr;F @F’rﬁ’?ﬁre“lqﬁwﬁl?f‘lsﬁﬁs

Bl emefy) . m%%%m%nmﬁ@ hif W{hessgé&dr&plsegﬁ%,fahﬁ%t) 108N 1f EMPRAeRE% BhipaRR: -

bindings still match, inference engine 112 may resolve ordering according to the

mostrecent option. The sorting may be done in ascending order, descending order, or
other suitable ordering. If descending order is desired for Number expressions, a user
could negate the expression, such as by:

15 orderby -p.getage().

10.2.5 Miscellaneous Considerations

In one embodiment, inference engine 112 can forward-chain but not
backward-chain pattern-matching rules. In this embodiment, inference engine 112

20 could ignore any pattern-matching rules during backward-chaining. Pattern-matching
rules can also work with both static and dynamic instances or a mix of the two types.

The rules may be able to freely modify static instances, and they can freely create,
modify, and delete dynamic instances. When calculating pattern-matching instance
bindings, inference engine 112 could ignore inst_template intrinsic instances. The

25  bind variables can be associated with super-classes of objects. For example, a user
might specify a Bird bind variable, and inference engine 112 could polymorphically

pattern-match over instances of Duck, Robin, and Hawk.

11. Statement Construct

30 This construct defines the Rule Definition Language’s elements for logic
statements and has a format of:

Statement
;= VarDclStmt_Element
= AssignmentStmt_Element



15 An infix-code exanple of a pattern-matching rule froma sanpl e rul ebase
114 could be: <rule nanme="ltem ze persons__w t hout _any_si blings"> <!

[ CDATA[ fwp 03@®1any person p if // person never had any PChItUSg$2071
p.1sSiblingsd. @Id_isunknown() // p®rson currently has no siblings 25 or
p.1sSiblingdd = set() then var nsg is string = "No sibling for: " &

p. @nst_getnane() @ngn tracemsg nsg) end 30 // Sort itens in ascending
sequence by age; // Fé?l\’&ﬁlﬂéica meghrt by recency (nost-recent first)
opti ons nostrecent ordeRetpmStgdiElgaent |]> 35 </rule> This rule runs

t hrough all instances of Person and item zes the ones w thout any

si bl i ngs. Thebresul 1. 1aVeroai8¥en eliletngntage. \Where ages are the sane,

nor e-r ecent I ndi ngs precede | egs-recent. bindi ngs,, WO 03/ 090164

PCT/ USD3/ 12071Thlﬁ6el¢1‘5?r’cté??%’i“FFé’fe@ﬁa?ﬁjaIP%]eoéél W%ﬁ%@é R & and
automatical l'y react \toncikist angsengr €ati ons, nodifications, and del etions

performed in other rule qkp? PPh&ribasi ngle rule that feeds of f of
itself, and thereby cal ggf eSphllen f‘bf‘.bn -ship relationships, could be: 5
<rul e nanme="Make_si bl i | here ar e_sl;:/aﬂlﬁd .Si.bl i\r;ngs"> <I[ CDATA[ for any
per son_pl, eneral. Xpr talizatton Value
10 VarDcl_Attribs
.= Name_Attrib /I Required
::==LocTag_Attrib // Optional

This statement can be specified by both rule and method logic. It may be
positioned anywhere within that logic, but its positioning could affect its scope
15  visibility. The local variable may be of any datatype, including Set and Association
instances. The statement may specify an initialization value for the local variable. A
GeneralExpr defines a type-compatible initialization value. The expression does not
need to be a constant expression.
An infix-code example from a sample rulebase 114 could be:
20 var result is boolean = true  // be optimistic
and the corresponding Rule Definition Language code could be:

<var_dcl name=“result” loc_tag="Line#2">
<datatype coll_type=“none” type=“boolean”/>
<literal constant value="true”/>

25 </var_dcl>

11.2 AssionmentSimt Element

This element of Statement defines an assignment statement and has a format

of:
AssignmentStmt Element
30 = (“assign_stmt’ [LocTag_Attrib])
IdentifierSpec // Destination (Field)
GeneralExpr // Source

This element can be specified by both rule and method logic. Inference engine

112 evaluates the GeneralExpr and assigns its value to the type-compatible specified

35  destination object. The destination object may be a field or local variable. If a field,
inference engine 112 may first invoke constraint checking before completing the

assignment.



any person p2 10 if Il different persons pl <>p2 Il persons not already
siblings and not pl.1sSiblingO>. @ set doesincludeval (p2) 15 Il persons
share si bWworg®oand pl.|sSiblingO. @ set_doesintersect (p2PCIRshs/i20g0x )

then // make persons siblings pl.1sSiblingO>. a@et_addval (p2) 20 end 1]>
" </rule> If a dynamic identifier path includes a null value, inference
engine 112 may performthe sane actions described above with respect to
the decision t Whenr ticeeperass 1aye 20f1 typrBNwabes Jnicsmse reneineThi% coBwatesuct

decl ares the bjnd varia , Nr ' r . format
of . PVBI iR p’%ﬁls: ns: %?n%’r‘g@@@‘g%ﬁ?% E%EM% ??@%E Shalion VBl ndv
arD cl _El gieat iffelehes vagingl¢12 niRlyBierd éatend ihdGenihgEypr vadentd fiaemhShec | |

bi ndvar class 35 PMBindVarDcl Attribs Name Attrib Il Required LocTag
Attrib I deggnpiinmmprecioggandvhen paform MeeAssiEp gt SgthaFYise-Iierence sPElei st © 40

PMBI n c%/a; Pfdggghﬁyﬁl%téenzm&)fﬁ%ﬁferdé Hec 8ty §6 flaRh8h O8&HRAt SPFEciBloRd

vari abl es. declaratio
An infix-code example from a sample rulebase 114 could be:

Factl = true
and the corresponding Rule Definition Language code could be:

<assign_stmt loc_tag=“Line#3">
10 <identifier name="Fact1”/>
<literal constant value=“true”/>
</assign_stmt>

11.3 MethodCall Element

15 This element of Statement defines a method-invocation statement and has a

format of:

MethodCall_Flement
= (‘method_call’ [LocTag Attrib])
IdentifierSpec // Method
20 [MethodArgList Element]
MethodArgList Element
= (‘arg_list’ [LocTag_Attrib])
GeneralExpr*

This element can be specified by both rule and method logic. Inference engine

25 112 could invoke the specified method with any specified arguments. This element
may be applied both as a standalone statement and as a term in an expression (if the
invoked method returns a value). The invocation may involve zero or more argument
expressions. The number of arguments could be identical to the number of
parameters expected by the target method, and each argument may be type-

30 compatible with its corresponding method parameter. If the method parameter is an
output parameter, the argument may be an identifier for either a field or local variable.
When an argument and parameter are of type Number, inference engine 112

compares their precisions. If the source-object (argument for an input parameter;
parameter for an output parameter) precision is less than that of the destination object

35  (parameter for an input parameter; argument for an output parameter), inference

engine 112 zero-extends the source value to match the destination precision and then

t



specifies a variable nane (as a PMBindVarDcl Attribs Nanme Attrib) and a
class WO 03/090164 PCT/ US03/12071 77 nane. Different bind variables may be
associ at edowsishe sane or different classes. For the i mCTSodt®71

decl arati ons: any person p, any duck8ld 5 the generat ed Rul e Definition
Language code coul d be: <bind|ist> <bi ndvar dcl nanme="p" |oc

tag=' L| ne#2"> <identifier nape="person"/> </hi ndv% 1c{cl > 10 <ki ndvar dcl
name="d" Daseex d@pcvehuﬁe#@&ﬁrwwpd@ﬁﬂep%renalaﬁemd $ Ine SOPICRIVAPe dE| >

</ bi ndl i Sﬁece’sbésa rng%s S}{?'t%l@e%gﬂﬁau H}%eéﬁ%nt A dilaf l:%as‘icféi’ét?o?ﬁ Nhy %pﬁl{y%d t hat

i nf erence éngl In error and trace nessages. The
| oc_t ag fhettbdrewe naihess tppa‘.)Neﬁfbeﬂ Irifgrencef engarec 2engy adjudtid roimehthe
perform ng ‘i nferencj ng operati.ons n additiaon, the loc tag field could

apply to Fﬁ“@ﬁé’@&’ﬁl%‘&!f?%/asﬁ’&ﬂ@rg IEToeth%ﬂ?%m?W’Dc‘Pme%l e Definition Language,
unl esss the | o 1ﬁh§'&‘8@é§x £ Gofifa %Et’é‘enll %télﬁ%l‘{@é H#fa saﬁﬁpl@rﬁl@ﬁé&btlmt he loc

tag field coul used to tach source-1nput [1ne nunbers to
el enent s. c@fld b6. 2 2 PVMPremi se Element This el enent defines the ruI e's

prem se: PMPrem se_El errent [ LocTag_Attrib]) 25 General Expr
The' General Expr rmayf 3%0CHER %F‘gjaﬂrd‘i}ﬁgessmn that references all of the

bind variabl es decPd¥&@Pyekighis rule. Qt herwi se, server 102 may rej ect
the Tul e i fhedoniahahedilloDesAflol LahagBUAR iiiEbEl ement  Thi's' el ement

deflnest rul e’ s acti
<method_call loc_tag="Line#13”>

<identifier path>
<identifier name="p”/>
<identifier name="AssignDuck”/>

</identifier_path>

15 <arg_list>

<identifier name=“d"/>

</arg list>

</method_call>



PMActions_Elenent :: (" pmactions' [LocTag Attrib]) 35 Statenment* The
rule actions may reference sone field values via bind vari abl es, but server
102 nrmay wotosjopabst on such references. WD 03/090164 PCT/ BEGA/S@20011 78

10. 2.4 PMOrderBy El enent This el enent82specifies criteria for sorting

i nstance bindings and has a format of 5 PMOrderBy_Elenent ::_ (' orderby’
[ LocTag Attrib]) CGeneral Expr* // Nunmber or String This el enent specifies
zero or nore Numberl L ions as sort criteria. Inference

engi ne 112 myTMsregégln%ﬁﬁéﬁlgng hA85d FurhRBudrh & bn EHEY £/ br: L hen sort 10

mat chi ng bi ndi Ngs e second expression, and so on. It after all those
conpari sons bi ndi ngResirnStnt nélembnt | nf er ence engi ne 112 may resol ve ordering
according to the nost+¢eamn apiti @ocTdhestath]) i ng may be done in ascendi ng
order,sdescendi ng ordenGeféralfRpfler suitable ordering. |If descending order
is desired for Nunber expressions, a user could negate the expression,
such as by: 15hnerreebhodipente this slatement @@N@é’@eﬂéﬁgbh%n@@i lggicandons 1 n

one enbodi nmen i nfe ce. i i

bckvar d BHGIHE e i RS EAN ARy g 6O, SHUAIG S0RU R eBNmtement 0
112 20 cquihds isgftax @rfy Wahikh elxBeuthigCihisgratetlea; idferémeg dmidewdt2-cotidi ni ng.
Pattern-matching rules can also work with both static atgd dﬁ{}%?? i nst ances
or a mx &rminge pghod precation Ipdretgmesnirahio sedethpiinypked the mp ifhest ati c

I NSTARGES o BAL %)ee?ﬁ ?Q CdnShlnky ﬁl%tcﬁrrentﬁﬁgthf)d' coftll Be UehifdLasteRBTLE 2

i nst ances. en calculating pattérn-nmatching instance bindings, Tnference
engi ne 1llzaloeudmd thegdeclered nsturt datpiyae enayriter ypscempatgtilangthsthe Fragerngdtlsi nd

vari abl es can be associated wth s r- sses of .objects. .Fo xanpl e, a
user ni gRengEEPry 45 SPﬁb%%H?%wgﬁdg?ﬁa%mF’m EY0E° %?%ilgwycoul d

pol ynor phi,gal{d 3 rolRl e8ER sy ABELEF tO¥ENuiBSE ances of Duck, Robin, and Hawk. 11.
St at ement 'a%gnﬂst rrlojct 30 Tﬁfﬂg conStruct defines the Rule Definition

Language' s el edmrinfixfcode ¢xagipde from a sample rulebase 114 could be:

15 return Symptoms.@Set_DoesIncludeVal(symp1)
and not Symptoms.@Set_DoesIncludeVal(symp2)

and the corresponding Rule Definition Language code could be:

return_stmt loc_tag="Line#1">
<and_op loc_tag="“Line#2">
20 <method call>
<identifier intrinsic="true” name=“set_doesincludeval”/>
<arg list>
<identifier name="Symptoms”/>
<identifier name="symp1”/>
25 </arg_list>
</method_call>
<not_op>
<method_call>
<identifier intrinsic=“true” name=“set_doesincludeval”/>
30 <arg_list>
<identifier name="Symptoms”/>
<identifier name="symp2”/>
</arg_list>
</method_call>
35 </not_op>
</and_op>
</return_stmt>



statenents and has a format of: Statenent VarDclStnt Elenment ::=

Assi gnment Stmt El enent WO 03/ 090164 PCT/ US03/ 12071 79 MethodCall _El enent
Ret untt ntwBloafeemb4 11. 1 YarDcl Stmt El enent 5 Thi s el enent Pefi/iShat®»aent

decl ares | ocal variables and has a fo#mat of: VarDcl Stnt_El enent

(*var_del' VarDcl Attribs+) DataType El ement General Expr // Initialization
Value 10 VarDcl Attribs Name Attrib Il Required LocTag Attrib // Optional
Thi s statemntiﬁ_ﬂ%@ﬂgﬂl—by both rule and method logic. It may be
positioned any r g ogd t GRdth Efect its
scope 15 visi Eﬂ% (?M&Ilﬁeﬁl ﬁﬁtﬁu\%%r Pg%rfeg!é%%ﬂegéoe&o% él?\f;%%drlgtg%t ypedR?lncI udi ng
Set and AS)@fimuahI;anguagsﬂ@glcemdhmeea ibrraatexfent may specify an initialization

value for the | ocal vari Ie A General Expr defines a type-conpatible
initialization val ug reSS| on does not need to be a constant
expression. An infix- e’oé ?f??e froma sanple rul ebase 114 could be: 20
var result is bool ean: —R‘Platlénﬁﬂ e optimstic and the correspondl ng Rul e

Definition Language codeUnanlQpepators <var _del nanme="result"
| oc_tag="Li ne#2"> <dat byp®lwbikpr Bjpeettnone” type="bool ean"/ >
<literal _constant val:ueBnufyddintsExpb RBlemant dcl > 11. 2 Assignnent Stnt El enent
This g ement of Stat ereUhafl@lotRgs Blenasi gnnent statenment and has a fornat
of : Assignment Stnt _El emsgﬁqary Operators
= ORed_FElement
= ANDed_Element
.= Addition_Element
15 ::= Subtraction_Element

::= Concatenation_Element

::= Multiplication_Element

::= Division_Element

A GeneralExpr supports the expected set of terms and operators. As
20 previously described, expression evaluation may not generate any side effects. As
such, any methods invoked by an expression may not generate any side effects. These
methods, called function methods, are further described in the
ClassMethodDef Element section above.
In one embodiment, the grammar makes no attempt to distinguish datatype-
25  compatible operations from incompatible operations. For example, the grammar
could suggest that one could subtract a Boolean value from a String value. In this
embodiment, type-compatibility enforcement is performed by server 102, which
performs both type checking and constant folding.
A sample infix-code statement that manages to include a sampling of most
30  types of terms and operators could be:

var IsHappy is Boolean =
IsWealthy
or (
age >0..<=200
35 and not IsTooTall
and QualityIndex(
(income + savings - debts)/12,
firstname & “ *“ & lastname,
some_random_number)
40 >+100



30 .:_(“assign_stnt' [LocTag Attrib]) IdentifierSpec // Destination
(Field) General Expr // Source This el enment can be specified by both rule
and net howolosgpass | nf erence engine 112 eval uates the GenecalBepr2oand
assigns its value to the type-conpati8l e specified 35 destination object.
The destination object may be a field or |ocal variable. If a field,

i nference engine 112 may first invoke constraint checkln ngore conpletlng

the assi ahmespmlmgkg@da@fhnmeammfor% gReRhou ands are of
type Nunber, infer eggﬁ &Q%é‘?a %erg | precisions. If the
Gener al Expr precision e 01 %ﬁ&%,gatl on object,

i nference engine 112 O}/ ner a r value to match t he
destinati on precisi on™ %} J&l ,assignment. Ot herw se, inference
engi ne’ 5 112 rounds the1 Tor Pac} Y necessary to match the
destination precision. <and_gmio thﬁ%'oéén%@ le froma sanple rul ebase 114
could be: Factl = true aﬂdnd_mléhtfﬁl@s“bm?ﬁﬁ Ay Rul e Definition Language code
could be: <assign_stnt | osrangg<opki ne#3"> 10 <identifier nanme="Factl"/>
<literal constant val ue="t r udddntifiechansigpe’$tnt > 11.3 Met hodCal | El enent
15 Thig el enent of St at ement<pagf gnep>a met hod-i nvocation statenment and has

a format of MethodCall __ El en&n{erﬂ dRishatvgadd<0”fLocTag Attrib])

I dentl fierSpec // Met hod 2Q gLi st _El ement] Met hodArgLi st El enent
_(arg_list' [LocTag_ Attré ) er al Expr* Thi s el enent can be
speci fied by both rule and id engi ne 25 112 could
i nvokfst he specified net hod al S&m egfjgg@gﬁnent s. This el enent
</range__op>
<not_op>
<identifier name="IsTooTall”/>
</not_op>
20 </and op>
<gt op>

<method_call>
<identifier name="Qualitylndex”/>
<arg_list>
25 <div_op>
<subt_op>
<add op>
<identifier name="income”/>
<identifier name="savings”/>
30 </add_op>
<identifier name="“debts”/>
</subt_op>
<literal constant value="“12"/>
</div_op>
35 <concat_op>
<concat_op>
<identifier name="firstname”/>
<literal constant value=“&quot; &quot;”/>
</concat_op>
40 <identifier name="lastname”/>
</concat_op>
<identifier name=“some_random_number”/>
</arg_list>
</method_call>
45 <uplus_op>
<literal constant value=*100"/>
</uplus_op>
</gt_op>



may be applied both as a standal one statenent and as a termin an
expression (if the invoked nethod returns a value). The invocation nay

i nvol ve 2@p®309016Dr e ar gunent expressi ons. The nunber of pargise®nos1 coul d
be identical to the nunber of paranmetSers expected by the target nethod,
and each argument may be type 30 conpatible with its corresponding method
paraneter. |f the nmethod paraneter is an output paraneter, the argunent
may be an identifier f oYansi pPer a field or local variable. Wen an
argunent and par amet ef/onpop>of type Nunber, inference engine 112 conpares

t heir precisions. |§&vahelckource-object (argunent for an input paraneter;
paraneter for an output paraneter) precision is less than that of the
destination object 35 (paraneter for an input paraneter; argunment for an
out puts parameter), ipfessRer-enLdasindct2 zero-extends the source value to
mat ch the destination precision and then t WO 03/090164 PCT/US03/ 12071 81
passes the vaIEheSﬁukaQMMﬁiCkmnﬂéﬂﬁﬂﬁ@uEH@Wﬁéﬁ@mgﬁpﬁunds t he source val ue
as necessary to ma ﬁ_ e destination precision. Simlar considerations
may apply to netho lékﬂ 5 f pe Nunber. Inference engine 112 may
adjust or round the Te E%—gip to assigning it to the destination
object. 5 An infix- coﬂ% pattern natchlng rule in a sanple
rul ebd®e 114 coul d be*kkﬁhﬁ§§@é?ate per son HdfPiegteRmep. Assi gnDuck(d) and
t he correspondi ng Fule=EbiWnKﬁﬂbEkMEmguage code coul d be: 10 <met hod

callloc_t " 3" > entjfier i nt| ">
<i denti fi Zﬂ Zﬁ.@m é@ g{zz,eyé d‘gz |menr<t El%{nﬁg % <arg elﬁsthfre
<identifi Menf;ﬁé%]ge 's/d%s&ﬂfbﬁgaﬂet &1 this d%lcmteh@dn@ Mémdﬂ@zpw»%ﬂmh been

PCT/ US03/ 12071
described above.

15
12.1.1 LiteralConstant_Element
The LiteralConstant_Element has a format of:
LiteralConstant FElement

::= (‘literal_constant’ LiteralConstant Attribs+)
20 LiteralConstant_Attribs

== Value_Attrib // Required

::==LocTag_Attrib // Optional

The Value Attrib indicates the value of the constant as a string of characters.
Server 102 may examine this value (in a case-insensitive manner) in order to
25  determine the constant’s datatype. If the value is “TRUE” or “FALSE”, server 102
recognizes the constant as a Boolean constant. If the value is “NULL”, server 102
recognizes the constant as an Association instance constant (indicating the absence of
an Association instance). If the first character of the value is a double-quote
character, server 102 recognizes the constant as a String constant and verifies that the
30 last character of the value is also a double-quote character. Otherwise, server 102
assumes that the constant is a Number constant and parses it accordingly. Inference
engine 112 determines the constant’s precision by examining the number of digits to
the right of the decimal point. If the constant is expressed in scientific notation, the
precision also takes into account the exponent value.
35 An infix-code example of a literal constant could be:
method1(false, null, “abc”, <, 123.456)



11.4 ReturnStnt Elenent This el enent defines a nethod return statenment and
has a format of: ReturnStnt_Elenent _ (‘return stnt' [LocTag Attrib]) 5
[ Gener al BYprop/opa16one enbodi ment, this statement can be specirfisestizonl y by
met hod logic and not rule logic. If 8pecified within rule |ogic, server
102 could reject the statenment wth a syntax error. \Wen executing this
statenment, inference engine 112 could termpate rret hod execution and
return comdrtbe GQ@GWQ%HEMGDW@R%L@W&%PW uldbg:he 10 st at enent
specifies a CGeneral r d could be defined as returning a
val ue, and the decl%%{ 160 éﬁ D8 ’@y be type-conpatible with the
statement's General EXpr" uﬂn@@gﬂﬁleﬁ% for t he Met hodCal |l El enent,

i nference engine 112 rﬁhs dj ust or roqg turn val ues of type Nunber. An
i nfix-Tode exanple fro r@aﬁ%s&anltm%ag Se124 could be: 15 return

Synpt ons. @et _Does| ncl udiseyal_pensapt yaluemaulot Synpt ons. @et

Doesl ncl udeVal (synp2) afiterah eonstant eadpen dqugt;#Adquosi’sni t i on Language code
could be: return _st m<litevak comstpat valne# &qubts&qaoif’/Bp | oc tag="Li ne#2"> 20
<net hod cal | > <identi fi@ﬂerhlnboﬂsm't eallig+ue3.466he="set _doesi ncl udeval "/ >
<arg_lgst> <identifiegapamps' Synptons”/> <identifier name="synmp 1 "/> 25
</arg_list> </rnet gggetﬁ@ lcz11><not _op> <net hod cal | > <identifier
intrinsic="true" nanme="set™ doesincludeval"/> 30 <arg_list> _ <identifier
nane="Synptons"/ > <identifier name="synp2"/> </arg list> </nmethod call>

12.1.2 SetConstant Element |

The SetConstant Element has a format of:

15 SetConstant_Element
= (‘set_constant’ [LocTag_Attrib])
SetMember*
SetMember
.= LiteralConstant Element
20 ::= IdentifierSpec // Instance name
::= UnaryExpr // with LiteralConstant_Element only

A Set contains zero or more members. In one embodiment, all members of a set
should be of the same datatype. The datatype of the members (if any) is the datatype
of the Set constant. A member can be a literal constant, an IdentifierSpec (for Sets of

25  Association instances), or a unary operator on a literal constant. In the case of a unary
operator on a literal constant, the literal constant could be either a Number or Boolean
constant. For Set constant of Numbers, the Set itself may not have a precision,
although its members do. Likewise, a Set constant of instances may not be bound to
any particular Association.

30 Infix-code examples of set constants could be:

setl = set(123)
set2 = set(“abc”, “def”)
set3 = set(duck1, duck2)
setd = set(-123, 0)
35 set5 = set() // Empty set

and the corresponding Rule Definition Language code could be:

<assign_stmt loc_tag=“Line#1”>
<identifier name="set1”/>
<set_constant>
40 <literal constant value=*123"/>



35 </ not_op> </and_op> </return stnt > W 03/090164 PCT/US03/12071 83 12.
Cener al Expr Construct The CGeneral Expr constructs define expressions as

ref erencedofisomiRul e Definition Language | ogi ¢ and have &Carsos1200f :
General Expr 5 .:= SinpleTerm ::= Re87ational Term// Unary QOperators

Unar yPl usExpr _El ement  UnaryM nusExpr El ement 10 ::= UnaryNot Expr El enent

/1 Binary Operators := ORed Elenent ANDed Elenent Addition Elenent 15 .:=
Subtraction Element EspiceRUSHART on El enent Ml ti plication - Elenent

Di vision El enent A Shsgigmlsepr supports the expected set of ternms and
operators. As 20 pressignustn loesagr bind#2’&xpr essi on eval uati on may not
generate any side effeidestifiednamstitsht2”&ny net hods i nvoked by an expression
may no§ generate any &defleoftfth@sts. These nethods, called function nethods,
are further described |<ﬂltérgpco@tﬁsm&q@q@e‘ab@@mnb section above. In one

enbodi nent, the gr arrrrar<magp§0ﬁg@m@%@5mt&é®tqb@qu@gu;ﬁh dat at ype- 25
conpati bl e operations_ gopat i bl e operations. For exanple, the
granmar coul d Squ%?asséﬂai pne couI d subtract a Bool ean value froma

String value. In this rment onpati bility enforcenent is
perfotfred by server <T éﬁéﬂc ST 61% gbg{)h type CKECKI ng and constant
folding. A sanple i nf t hat nmanages to include a sanpling
of nost <set_constant>
<identifier name=“duck1”/>
<identifier name="“duck2”/>
15 </set_constant>
</assign_stmt>
<assign_stmt loc_tag="Line#4">
<identifier name="set4”/>
<set_constant>
20 <uminus_op>
<literal constant value=“123"/>
</uminus_op>
<literal constant value="0"/>
</set_constant>
25 </assign_stmt>
<assign_stmt loc_tag="Line#5">
<identifier name="set5”/>
<set_constant/>
</assign_stmt>

30
12.2 RelationalTerm Construct

The RelationalTerm defines value comparisons and has a format of:

Relational Term
»:=FullComp EQ_Element
35 ::=FullComp NE_Element
::==FullComp LT Flement
::==FullComp_ LTEQ_Element
::=FullComp_GT_FElement
::=FullComp GTEQ_Element
40 :=FullComp_Range Element

Value comparisons could include full comparisons and partial comparisons described

above,

12.2.1 Full-Comparison Constructs




30 types of ternms and operators could be: var |IsHappy is Bool ean =
I s\Wealthy or ( age >0..<=200 35 and not IsTooTall and Qualityl ndex(
(i ncone +weamiomgs4 - debts)/ 12, firstname & " " & | ast nanmPCT/GS0ME2071
random nunber) 40 > +100 WO 03/ 09016488PCT/ US03/ 12071 84 The correspondi ng
Rul e Definition Language code for this statenent could be: <var_del
| oc_tag="Line#l " nane="|sHappy"> <dat atype coll type="none" )
typgz‘ Bf)ol ean" F8ll e@mp@isons cinpy giaelufp chinary wpeiafepy i Ot &M 8RO pUREal t hy" / >
<and_opl o ="]] w> 1 <an 1 = i > e _op> <identifier
nane:"ageﬁ?§ﬁg%%&g%%??fgﬁug%5ﬂ§?g€@?gP%%ghggg%?mfgﬁggggCT/g </ partgt op>
<part_lteqg_op> <l|i (dreatTiansflén€ 1221 ue="200"/> 15 </part_I|teq_op>
</range_op>. <not_op> <identifjer nﬁr]’ge:"l sTooTal Il "/ > </not op> 20 </ and
op> <gt @@ge an example ternary operation could be:
5 IsInRange = fld1 >=100..<200

// above statement is semantically equivalent to following statement

/I (but is more efficient);

IsInRange = fldl >= 100 and fld1 <200

In either case, the expression returns a Boolean value indicating the comparison
10 results.

The Rule Definition Language code corresponding to the above three infix

statements could be:

<assign_stmt loc_tag="Line#1”>
<identifier name="IsLessThan”/>
15 <lt_op>
<identifier name="f1d1”/>
<literal constant value="123"/>
</It_op>
</assign_stmt>
20 <assign stmt loc_tag="Line#2">
<identifier name="IsInRange”/>
<range op>
<identifier name="f1d1”/>
<part_gteq_op>
25 <literal constant value=<100"/>
</part_gteq op>
<part_It_op>
<literal constant value="200"/>
</part_lt_op>
30 </range_op>
</assign_stmt>
<assign_stmt loc_tag=“Line#5”>
<identifier name=“IsInRange”/>
<and_op loc_tag="Line#5">
35 <gteq_op>
<identifier name="fld1”/>
<literal constant value=“100"/>
</gteq_op>
<it_op>
40 <identifier name="“fld1”/>
<literal_constant value=“200"/>
</lt_op>
</and_op>
</assign_stmt>



<nmet hod cal |l > <identifier
<subt op> <add_op> <identifier
nanme="sawpgs/vpcte4 30 </ add op> <identifier
<literal constant value=" 12 "/>
<identifier name="firstnanme"/>

</concat _op> 40 <identifier

diterm

<literal _
PCT/ US03/ 12071 85

eralBEx

nanme="Qual i tyl ndex"/ >
nane="i ncome"/ >

</ 8%_op> 35 <concat _op>
_constant val ue="&quot ;
name="1ast name"/ >
name="sone_r andbefiHlieareparisen elemgpig cppldihaven faprbalical | >

const ant V?h#éo pLQ@léfnéﬁPplus 0p>”

</ var

<arg list> 25 <di v_op>
<identifier
nanme="debt s"/ >Pcz/tsob1200p>
<concat _op>
&quot ; "/ >
</.concat op> <identifier
45 <upl us_op>

164
dc I;algﬂ%;’?e I%%lrrg?nger m

ops *
Construct The Sinpl e‘I"er(g;én (P Cr%n a-f%ﬁg% coul d have a format of:

5 GeneralEXpr
FullComp NE_Element
::= (‘neq_op’ Comp_Attribs*)
GeneralExpr
GeneralExpr
10 FullComp LT Element
= (‘It_op’ Comp_Attribs*)
GeneralExpr
GeneralExpr
FullComp LTEQ Element
15 = (‘lteq_op’ Comp_Attribs*)
GeneralExpr
GeneralExpr
FullComp_GT _Element
= (‘gt_op’ Comp_Attribs*)
20 GeneralExpr
GeneralExpr
FullComp GTEQ_Element
.= (‘gteq_op’ Comp_Attribs*)
GeneralExpr
25 GeneralExpr
FullComp_Range Element

// GeneralExpr in range: (GeneralExprl ..
== (‘range_op’ [LocTag_Attrib])

GeneralExpr
30 RangeStartComp
RangeStopComp
RangeStartComp
::==PartComp_GT_Element
::=PartComp_ GTEQ_Element
35 RangeStopComp
= PartComp_ LT Element
= PartComp LTEQ_Element

For all of these

/] GeneralExpr <> GeneralExpr

// GeneralExpr < GeneralExpr

// GeneralExpr <= GeneralExpr

// GeneralExpr > GeneralExpr

// GeneralExpr >= GeneralExpr

GeneralExpr2)

elements, the GeneralExprs could all be of the same datatype.

However, some operators support only certain datatypes. For example, comparisons

40  of equality and inequality support all datatypes and Sets of values. Unequal Sets may

or may not intersect.

Comparisons of magnitude could support only Number and

String expressions but could also be applied to Sets. For Sets, the results indicate

subset relationships.

When comparing Number values, inference engine 112 first



Si mpl eTerm Li teral Constant _El enent  Set Constant El enent 10 ::=

| dentifierSpec // Object nane MethodCall Elenent The

Li t er al CowetoaodEb£ment and Set Constant El enent are descri pea/uses/&071

I dentifierSpec is described later in 2his docunent, and MethodCal |l El enent
has been described above. 15 12.1.1 Literal Constant El enent The

Literal Constant Elerment has a format of: Literal Constant Elenent .-

(1t er al Zaesteads any jlesserresision gperapgd e thesather operand’s PEACENS Pﬁthem tribs
Val ue_Attr] I LocTag Attrib // Optional The Value Attrib

i ndi cat esﬁ%{%&@gﬁ%ﬁ%ﬁ% constant as a string of characters. Server 102
may exam ne t hFsr Albfide Elementscaseeanspedifi Conp Avebranthd formatder to 25
determ ne the constant's datatype. If the value is "TRUE" or "FALSE",
server 102 recogni z6emmAt histant as_a Bool ean constant. If the value is
"NULL"S server 102 r&cégmmSeagtivifie Adis{/Lationdl an Associ ation instance
constant (indicating théoebageAttsibof an/Aperhtion instance). If the first

har act f th |.ue. i doubl .e- quot. acter ...102 i
The const S Gasese@lfin, AudncPib S M8 Bee {ICSRIREE ARESBSILL SRR a0c or

of the vabafipirisond.SOBR dbeuil, Stamocomphatonst@uld Bk herwitensithey vercadd?2
assunes that the_constant is_a Nunmber constant and parses it accordingly.

| nf er encesengiiyien Fon eomprstsersion ether Adaiypess this seting,seid Be BHOMJ. exani ni ng t he
numbeyyof digits to the right of the decimal point. If the constant is
expressed in scientific notation, the precision also takes into account
the exponent val ue. 35 An22f Patiabdengsasan E€omsfrueisl i teral constant could
be: nmethodl (false, null, " ab(i", " .1123. 456) WD 03/ 090164 PCT/ USP3/ 12071
86 and the cor RE8HOAMMAYIRGT IO BATEY FOMPIHIRLGSHEEHS RotPIpes thalpet hog

call | OC_EI?&ﬁ"}', Ioh%e LyioRt-hand side” of a full comparison. Partial comparison constructs

have a format of*

15 PartComp EQ_Flement /I = GeneralExpr
= (‘part_eq_op’ Comp_Attribs*)
GeneralExpr
PartComp NE_Flement // <> GeneralExpr
.= (‘part_neq_op’ Comp_Attribs*)
20 GeneralExpr
PartComp LT FElement /l < GeneralExpr
= (‘part_It_op’ Comp_Attribs*)
GeneralExpr
PartComp LTEQ_Element /I <= GeneralExpr
25 = (‘part_lteq_op’ Comp_Attribs*)
GeneralExpr
PartComp_GT_Element // > GeneralExpr
= (“part_gt op’ Comp_Attribs*)
GeneralExpr
30 PartComp GTEQ_Element // >= General Expr
= (*part_gteq_op’ Comp_Attribs*)
GeneralExpr

PartComp_Range Element
// in range: (GeneralExprl .. GeneralExpr2)
35 .= (‘part_range_op’ [LocTag_Attrib])
RangeStartComp
RangeStopComp

These constructs, which could also used by decision-tree elements, specify one
GeneralExpr (or two for ranges). The same datatype and case-sensitivity

40  considerations apply to them as for full comparisons.



<identifier nane="nethodl <arg list> 5 <literal _constant val ue="fal se"/>
<literal constant value="null"/> <literal constant val ue="&quot ; abc&quot;
"/> <litewalo3ponst ant val ue="&quot ; &quot ; "/ > <literal _comsrarsn3/varue="
123.45 6"/> 10 </arg_list> </nethod Yall> 12.1.2 Set Constant El enment The
Set Const ant El ement has a format of. 15 SetConstant El enment :_ ( set
constant' [LocTag Attrib]) SetMenber* Set Menber Literal Constant El enent
20 ::= ldentifi erSp&.ﬂLﬂhﬂE&M&@i@l@naryExpr /1 wth Literal Constant

El ement only Set ery o] al |
menbers of a s l? urho%l %f ?hg;egépr%% 5at aty %& %’%ﬁgﬁt%ﬁpgl o} ﬁt he
nmenber s (Uﬁa@MhuSEScpi‘_@eﬂ&ﬂ@fnﬂﬂ@arﬂﬁfoﬁhﬁ_ﬁé&membnSt ant. A nember can be a

literal constant, an ldentifierSpec (for Sets of 25 Association instances),
or a unary operator on a literal constant. In the case of a unary operator
on a Ijteral constant, tgeski W&%!Ph%%‘&? aMm&eul d be either a Nunber or
Bool ean constant. For ers, the Set itself may not have
a precision, Thd b’augii?lzvsﬂsmréﬁmw@oﬂ@endml&whaaﬁ)r@e‘tofwnstant of

i nstances may not bglp d_to Partl cul ar Associ ation. 30 Infix-code
exarrpl es of set con ? S@%SWI—E = set(123) sett = set("abc"
"def') set3 = set (duék{ uplggoR2}locd, 1‘%]ét( 123, 0) 35 set5 = set() Enpty

set and t he correspondlqﬁ?gelﬁlﬂ?@fDefl n| ti on Language code could be: <assign
st OC—’i’ﬁig oplérého% essent1a11y returns the value of GeneralExpr. It is included for

“expressability” purposes, such as by:
if this_value >=-100 .. <=+100 then ... end
The GeneralExpr could be a Number expression, and this operation returns a Number
value.
15
12.3.2 UnaryMinusExpr_Element

The UnaryMinusExpr_Element has a format of:

UnaryMinusExpr_Element
= (‘uminus_op’ [LocTag_Attrib])
20 GeneralExpr

This operation reverses the arithmetic sign of the GeneralExpr value. Positive values
become negative values and vice-versa. The GeneralExpr could be a Number

expression, and this operation returns a Number value.

25 12.3.3 UnaryNotExpr Element

The UnaryNotExpr _Element has a format of:

UnaryNotExpr_Element
.= (‘not_op’ [LocTag_Attrib])
GeneralExpr

30 This operation reverses the Boolean value of GeneralExpr. TRUE values become
FALSE and vice-versa. The GeneralExpr could be a Boolean expression, and this

operation returns a Boolean value.

12.4 Binary Operator Elements




<identifier nane="set P> <set constant> 40 <literal constant val ue=" 123

"/> WO 03/090164 PCT/US03/12071 87 </set constant> </assign_stnt>

<assi gn swotoslopmet ag="Li ne#2"> <identifier nanme="sett"/>PETASBY1W0NSt ant >

<literal constant val ue="&quot; abc&qu®t;"/> <literal constant

?/al ue="&quot ; def &quot ; "/ > </ set const ant> </assign stnt> 10 <assign stnt
oc_tag="Line#3"> <identifier nane="seta"/> t _const dentifier

nanme="duckl "/ >Thej dd#ay | ePPFHARE=" dinchde, >01§La§ %feénéf’ cmﬂ‘@%ﬁ-ﬁl@i%’ém gn

stnt> <as dgﬂwﬁ 2@76,748%0 _tag=" LSJH?;#%;mn E?brqgiﬁt i fier r@rf%ai"eﬁgﬁé}z IEtement,

<set _cons ant > <um’ nus_op> I teral _constant val ue="123

</ umi nuS_Wtzpliﬂat‘ib&iﬂﬂem@mnSﬁdﬂDivz&i@i_lﬂerﬁ@iU > </set constant> 25
</assign_stnt> <assign_stnt |oc_tag="Line#5"> <identifier name="set5"/>
<set constant/> </assign stnt>

5 12.4.1 ORed Element
The ORed_Element supports OR operations and has a format of:
ORed_Element
= (‘or_op’ [LocTag_Attrib])
GeneralExpr
10 GeneralExpr

This operation performs a logical OR operation on the sub-élements. The result is
TRUE if either sub-element is TRUE. Otherwise, the result is FALSE. The
GeneralExprs could both be Boolean expressions, and this operation returns a
Boolean value.
15 At runtime, inference engine 112 may evaluate only one of the GeneralExprs.
For example, for the infix-code expression:
fld1 < 100 or fld2 >=200
if fldI has a value of 50, inference engine 112 need not bother testing fId2 since the
overall outcome is known to be TRUE. However, if fld] is unknown, inference
20  engine 112 may test fId2 so that inference engine 112 can avoid pending the rule if
f1d2 has a sufficiently large value, such as 250. Similarly, inference engine 112 could
also determine whether any of the identifier paths with intermediate instance-

reference fields have a null value. For example, for the infix code expression:

05 Father.pDog.age <5 or Child.pFriend.age > 10

Father may not have any dog (pDog = null). However, inference engine 112 may
evaluate the expression as true if Child’s friend is sufficiently old.

While ORed Element is described as a binary operator, it could also

accommodate an arbitrary number of operands. For example, ORed_Element could

30 handle a “list” of one or more operands. If a rule is pended because of one or more

operands in the ORed_Element, inference engine 112 could restart inferenceing with

those operands that previously pended (and only those operands).

12.4.2 ANDed Element




30 12. 2 Rel ati onal Term Construct The Rel ati onal Term defi nes val ue
conpari sons and has a format of: Relational Term Full Conp_ECQEl enent 35 ::
Ful | Conp_ Wb oglogorent  Ful | Conp_ LT El emrent  Ful | Conp_LTEQ EP€marsn3/12071
Ful | Conp_GT El enent Ful | Conp_GTEQE! eéf¥ent 40 Ful | Conp_Range_El enment Val ue
conmpari sons could include full conparisons and partial conparisons
described above. 12.2.1 Full-Conparjson Constru ﬁs 03éq90164

bt s

PCT/ US03/ 12071 ThegdNEWr| ElewsiyupReitsA R PRERL O an Mations or

ternary operations ANRYQ ¥idagnf Fange of values. An exanple binary
operation could be: TsL g@{ nIim&Egi1ﬁﬂﬁf3 whil e an exanple ternary
operation could be: B(Es I r}%e = TAd >=100..<200 /I above statenent is
senagg]cal | y equival ent 8% s owi ng statenment /1 (but is nore efficient):
I'sl nRahge = fldl >= 108DFHEI < 200 In either case, the expression

returns aTﬁB%ﬁ%@aﬁoﬁ%e%nth@édl DO P eRABR Bhi (RO Bub-dmeas U The. restineis Rul e
Definition Language code corresponding to the above three infix statenents

coul d be: TRABSifybotht mib-tlementagare [TRUEL" Otherivirenithed resulininBALSEL edd®han” / >
i/5| t< | gagp?}eﬁé;% J}pli’; ic%{lldn%ot ='l')£ I]golol;z{n> ex;frleésgcﬁ{sﬁlanﬁ O %B&raﬁ@lll Yefmsl 23"/ >
Boolean value. At runtime, inference engine 112 may evaluate only one of the
10  GeneralExprs. For example, for the infix-code expression:
fld1 >= 100 and f1d2 <200
if fld1 has a value of 50, inference engine 112 need not bother testing fld2 since the
overall outcome is known to be FALSE. However, if fld] is unknown, inference
engine 112 may test fId2 so that inference engine 112 can avoid pending the rule if
15  fld2 has a sufficiently large value, such as 250. Similarly, inference engine 112 could
also determine whether any of the identifier paths with intermediate instance-

reference fields have a null value. For example, for the infix code expression:

Father.pDog.age <5 and Child.pFriend.age > 10

20  Father may not have any dog (pDog = null). However, inference engine 112 may
evaluate the expression as false if Child’s friend is not sufficiently old.

While ANDed Element is described as a binary operator, it could also
accommodate an arbitrary number of operands. For example, ANDed_Element could
handle a “list” of one or more operands. If a rule is pended because of one or more

25  operands in the ANDed_Element, inference engine 112 could restart inferenceing with
those operands that previously pended (and only those operands).
12.4.3 Addition_Element

The Addition_Element supports addition operations and has a format of:

Addition_Element

30 .= (‘add_op’ [LocTag_Attrib])
GeneralExpr
GeneralExpr

This operation performs an arithmetic addition of the sub-elements. The operation
returns the result of adding the second sub-element to the first sub-element. The

35  GeneralExprs could both be Number expressions, and this operation returns a



</assign stnt> 20 <assign_stnt |oc_tag="Line#2"> <identifier

nanme="1sl nRange"/> <range_op> <identifier nanme="fld 1 "/> <part gteq_op>
25 <l iterwbosopEbant val ue=" 100"/> </per gteq op> <part PCH/wsP3/12071
<literal _constant value="200"/> </patt_|t_op> 30 </range_op> </assign
stnmt > <assign stnt |oc_tag="Line#5"> <identifier nanme="IslnRange"/>
<and_op loc _tag="Line#5"> 35 <gteq op> <iden ifier name="fld, 1 "/>

<literal Nombenyaluga) When addipe/ ebieiy: @obiss ollepsep PIecisign e Re iZ61%,

name="fld_ 1 = <|. ?%‘L H%\G-" "ok p>
</ assign g)gtﬁ?df ‘Bé'j) B%Efg%egg UES%J/ 1 0%%&983!55@%%6;&&1‘% I&goglfrrpgfru?g%ﬁgel enent s
coul d havemag réftecirtife goéater gredisi@anp_EQ El ement // General Expr = General Expr

_ ('eq_op' Conp_ Attribs*) General Expr 5 CGeneral Expr Full Conp_NE El enent //
Gener al Expr <> Cener al Expr

5 12.4.4 Subtraction Element

The Subtraction_Element supports addition operations and has a format of:

Subtraction Element
= (‘subt_op’ [LocTag_Attrib])
GeneralExpr
10 GeneralExpr

This operation performs an arithmetic subtraction of the sub-elements. The operation
returns the result of subtracting the second sub-element from the first sub-element.
The GeneralExprs could both be Number expressions, and this operation returns a
Number value. When subtracting objects, an object of Ieséer precision may be zero-
15  extended to the other object’s precision before the arithmetic operation. The result

may reflect the greater precision.

12.4.5 Concatenation Element

The Concatenation Element supports concatenation operations and has a
20  format of:

Concatenation_Element
::= (‘concat_op’ [LocTag_Attrib])
General Expr
GeneralExpr

25  This operation appends one String value to another String value. The operation
returns the result of appending the second sub-element to the first sub-element. The
GeneralExprs can be of any datatype, and either or both expressions can be Set
expressions. Inference engine 112 may automatically convert non-String expressions
to a String value before performing the append operation. There could be no options

30  for controlling the formatting of non-String values. This operation returns a String

value.

12.4.6 Multivlication_Element

The Multiplication_Element supports addition operations and has a format of:

35 Multiplication_Element



:_ ("neq_op' Conp_Attribs*) Ceneral Expr General Expr 10
FuI | Conp_LT _El enent CGeneral Expr < General Expr .:_ ('4 -op' Conp_Attribs*)

Gener al Exy0 03020164 al Expr Ful | Corrp LTEQ El ement /1 GCener al BXprusas12071
General Expr 15 .:_ ( Iteq_op' Conp AStribs*) Ceneral Expr Gener al Expr
Ful | Conp_GT El enent // General Expr > General Expr .:_ ( gt_op'

Comp_Attribs*) 20 General Expr GCeneral Ex Ful | Conp_GTEQ El enent //

Gener al Expr >= Gener arExpplt_op’ [Lockage 4ty B Conp__ Attrl bs*) General Expr 25

Gener al Expr  Ful | Conp_RenerelBRpement // General Expr in range: (General Expr)
General Expr2) ( radgacmalExprLocTag Attrib]) General Expr 30

i?éngeSt art Conp RangeSt opCo est ar GI._El enen

Par t Conp B?E@@Faé’r?é‘nl’er %@gﬁ%ﬁ t]%]% IIL%WFM o8 The

Part Cap dl%ﬁﬁﬁg tﬂé%sﬁ{ bt AfurifeRe b %ﬁﬁr&lg,elérﬁan GRnBeakd subcoul d al |
be of the sanme datatype. However, Sone operators support only certain

dat at ypeseletBent. e’k‘lafrrﬂeeqmb@mpacmdd rb@th L) I\bnn@q w&pressiont @nil ikig waeratign suppor t
all dat atl% uel’lsls a ﬁ ters Vglfueva ee% mu (i]ylng o) Jec S, qﬁc\,{re may be no pI'GGISIOn

adjustment, and the product may reflect a precision that is the sum of the operand

precisions.
10
12.4.7_Division Element
The Division_Element supports addition operations and has a format of:
Division_FElement
= (‘div_op’ [LocTag_Attrib])
15 GeneralExpr

GeneralExpr
This operation performs an arithmetic division of the sub-elements. The operation
returns the result of dividing the first sub-element by the second sub-element.
Divisions by zero could terminate inferencing with an error. The GeneralExprs could
20 both be Number expressions, and this operation returns a Number value. When
dividing objects, there may be no precision adjustment, and the quotient may reflect

the precision of the dividend value and be rounded as necessary.

13. Datatype Element

25 This specification makes frequent references to Datatype Elements.
Datalyfae_Elements have a format of:

DataType_Element
::= DataTypeNumber_ Element
::=DataTypeBoolean_FElement
30 ;= DataTypeString_Element
::=DataTypelnstRef Element
/1
DataTypeNumber Element
::= (“datatype’ NumberType_Attribs+)
35 NumberType Attribs
;= DataType Attrib // “number” (Required)
::= Collection_Attrib // Optional
::=Precision_Attrib // Optional




or may not intersect. Conparisons of magnitude could support only Nunber
and String expressions but could also be applied to Sets. For Sets,

resul ts iwoiosadmEes subset rel ationshi ps. When conpari ng NumoFruSesiees,

t he

i nference engine 112 first WO 03/0901%4 PCT/US03/ 12071 90 zero-extends any
Ies?er-preﬁision operand to the other operand' s precision and then
perfornms the conparison, For all_of the elenents, one can specify Co

Attribs in the formati Ledmg_ AP bs 5 (5PLiea sitivity_Attripb IIyOpt irrgnal
LocTag Attrib // Opfi-onat-—-Fhe-CaseSenstti-vity Attrib-ctan be specified to
i ndi cat e case- sensi Data@yBtBdalggn_Elsmsati sons. By default, String conparisons
coul d be case-i nsensi:t= (fdatatype’aBevleadiype tAtwghstFor conpari sons for ot her
dat at yypes, this setBoslgartpedAtidbs gnored. 10 12.2.2 Parti al - Conpari son

Constructs Range conpatDgQm
constructs that

_ ¢ eltpiton pap/thedleORqisal) constructs, or
specid goR&tint Agrib i ghy/ﬁi,@l@galsi de" of a full conparison.

Partial conparison con;igglea‘tgsé;ﬂﬁgve a fordiRiongf - 15 Part Conp_EQEl enent ||
0P

Gener al Expr (‘pa[
Element // <> Ceneral I oo t neq op' Conp 20 Ceneral Expr
_LT_El ement P&%’?ﬁ%’ﬁ%@ lg i t op' Conp General Expr

Part

t” eq_op Attribs Gener al Expr Part Conp NE

1< (".part |
Part Conp_LTEQ El ement: T { dafatypg/ 35 F—A%E‘Esﬂ: _ (" part_lteqg_op'

Conp_Attribs*) Gene$‘ainEIﬁPe_PFbHi=b@Conp GT_El enment_ || > General Expr

op' Conp_Attribs*) GeiePataExpe_Attrib — 77 “string” (Required)

15

20

25

30

35

40

== Collection_Attrib // Optional
:==LocTag_Attrib // Optional

/
DataTypelnstRef Element
::= (‘datatype’ InstRefType_Attribs+)

IdentifierSpec /I Class for instance
InstRefType_Attribs
::=DataType_Attrib // “inst_ref” (Required)
::= Collection_Attrib // Optional
::==LocTag_Attrib /[ Optional

The Rule Definition Language supports the four “atomic” datatypes shown above.
There could also be a variation of Datatype Element for each atomic datatype.

The DataType Attrib and Collection_Attrib attributes are common to all
datatypes.  DataType Attrib indicates the related datatype. Collection_Aitrib
indicates whether this datatype is for a collection of values, such as a set, or for a
simple atomic value.

For DataTypeNumber_Element, a user can optionally specify a “precision,”
which is expressed in terms of decimal digits to the right of the decimal point. If not
specified, server 102 assumes that the value is an integer of zero-precision.

For DataTypedssoclnst Element, a user could specify two sub-elements.
These identify, respectively, the datatype’s Association role and Association name.
For example, for an Ownership Association involving classes Person and Duck, the
Duck class might define a field (IsOwnedBy) declared as an Association instance for
role Person in an Ownership association, such as by:

<field name=“IsOwnedBy”>
<datatype coll_type="“none” type="assoc_instance”>
<identifier name=“Person”/>
<identifier name="Ownership”/>

(" part gt



30 Part Conp_GTEQ El enent // >= Ceneral Expr .:_ ( part_gteq_op'
Conmp_Attribs*) General Expr PartConp_Range Elenent // in range:

( Gener al Bwprop/ogatefener al Expr2) 35 ( part range_op' [LocT®gTAiS03/1307)
RangeSt art Conp RangeStopCornp These7constructs, which could al so used by
deci sion-tree el ements, specify one General Expr (or two for ranges). The
same datatype and case-sensitivity 40 considerations apply to themas for
full conparisons. WO 99880464 PCT/ US03/ 12071 91 12.3 Unary Oper at or

El enents The unary ofEldt ors of Gener al Expr i nclude UnaryPl usExpr El erent,

E oo ”#ﬁ?ﬂ%gf)@@”‘ff?‘&eﬁséf R R PR R et it RGB!

Unar y Pl usfhepélads! sesiidted with thepindBnop reﬂn‘eﬁ@Ta@“oAtekampI]e) a mmeclad;sEmpy 10 This
operation essentially returns the val ue of Gengral is included for

" expr e%saéﬁﬁﬁeta}f'fsﬁn’ﬂﬁfé@éﬁeld§9‘é1ﬁfeﬁs“sB?/msFaPC?Tﬂ"sP SEN a§5—b3100 .. <=+100 then

end The General erdn BSndd rgf)er expression, and this operation
returns a Nunber g:m% {nS{E nt The

UnaryM nusExpr El errent has Mgg usExpr El ement : _

("um nus_op' [LocTag_ Attr| < g%rﬁ’é"fnel pr l‘l}aﬁl S operation reverses the
arithnetic sign of the G pr val ue. Positive values becone negative
val uet0and vi ce- ver s4iel dﬁ“\e General Expr could be a Nunber

14. Identifiers
In one embodiment, identifier names could be case-insensitive. In a particular
embodiment, the Rule Definition Language disallows identifier names from including
15  double quotes, periods, commas, colons, or parentheses (open or close). Server 102
could impose additional restrictions, such as by reserving words or imposing some

ordering restrictions.

14.1 IdentifierSpec - Identifier Element, IdentifierPath_Element

20 IdentifierSpec elements have a format of:

IdentifierSpec
::= Identifier_Element
::=IdentifierPath_Element
Identifier Element

25 ::(“identifier’ Identifier Attribs+)
Identifier Attribs
= Name_Attrib // Required
.= Intrinsic_Attrib // Optional
:==LocTag_Attrib // Optional
30 IdentifierPath Element

= (“identifier path’ [LocTag_Attrib])
Identifier Element+
An identifier specification could include either a single identifier or a “path” of

multiple identifiers. For example, infix language supports paths using the

35  operator, such as:
Classl.Instancel.Fidl =3

14.2 Intrinsic Identifiers




expression, and this operation returns a Nunber value. 25 12.3.3

Unar yNot Expr El ement The Unar yNot Expr El enent has a format of:

Unar yNot Bvpro3fbenent :: = ( not_op' [LocTag Attrib]) GCenecalBapi2030 Thi s
operation reverses the Bool ean val ue ¥f General Expr. TRUE val ues becone
FALSE and vi ce-versa. The General Expr coul d be a Bool ean expression, and

this operation returns a Bool ean value. 12 4 ﬁl nar Cﬁ to FLéements WO
03/ 090164 PCT/ BozchIdentifi egz”?ﬁ@%?ﬁ%fﬁ%ﬁ%ﬁl%a ngp?‘ﬁﬁﬂ t%@é%’& Plelfent
ANDed El e%t{m Ich@h&“g ﬁ&&%n}m@ gi m;&ehﬁﬁerﬁhﬁm&o th@%ﬂ@b%ﬂﬁfti!oﬁ”

El enent , I on ement Dvision Elenent. 5 12.4.1 ORed

El enent Tmﬁn@gel Sbmrht)z smpmmlﬁhmedmlfmmamwmme shenp pgainst aifs:

ORed_El errz1 or - g hocTa tri b]fl’-)g B r. 10tGe ertah Expr

Thi s oper %IDE%‘FSFCOPWE S 18 B FRAAS ?ﬁ% CJOBEYRERTEY The
resul tsi s ogldRykel ger@értllﬁgrco%l}e %bﬁﬁ@ﬂﬁagbﬁs d Rifrax Erfter Wi se, the result is
FALSE. The General Exprs coul d] bot h be Boolean expressions, and this
operation ret uffhs infix Eogmegamovldlrg@nreﬁbatmach mﬂﬂlﬁ%ldenhﬁ@r@rﬁpémﬁﬁbWHé 112 may

eval uat e onl . one . of a or ex e code
expr essi off" {@ dprefixy S%’rt ?IH?EJ{E‘ Lang\ga(gﬁ GOPE]T 18P Oﬁngteﬁfaug?&&%fo% f,rmlélr?f erence
engi ne 113gspRed F’E!)?teyiaﬁ{rﬂl@rtﬂeeﬁﬂlo%né Ipd8s simetatehitats eveidabt swetiaaeatlyi s known
to be TRUE. wever fldl is unknown, inference 20 engine 112 may test

fld2 so tmamvalnmt@nérg@eer@t@gdﬁélcall&uléé)ﬁﬂav@m&aﬁgmaewg ¢he rule if fld2 has a
suffi cfbent ly |arge m %S tﬁ‘mk%“‘% Q dI arly, inference engine 112
e1t

could "al so determ ner entifier paths with internediate
i nstance- reference USSR For exanple, for the infix
code expression:

@dmn_push(DomainX)
DomainX.@dmn_push()
15
if @fld_isunknown(instancel.fld1) then ... end
if instancel.fld1.@fld_isunknown() then ... end
if @set_doesincludeval(setl, 123) then ... end
20 if setl.@set_doesincludeval(123) then ... end

In addition, server 102 may choose to expose intrinsic identifiers with different names
than those defined by this document. For example, server 102 may choose to expose
inst_template more simply as “femplate” and make the latter name a reserved word in
its language.

25



25 Fat her.pDog.age < 5 or Child. pFriend.age > 10 Father may not have any
dog (pDog = null). However, inference engine 112 nay evaluate the
expressi owoag/ovriee if Child s friend is sufficiently ol d. PaiiUSes/CRed

El ement is described as a binary oper®tor, it could also accommodate an
arbitrary nunber of operands. For exanple, .Red Elenment could 30 handle a

"l'ist" of one or nore operands. If a rule is pended because of one or nore
operands in the C]?edl_él_ﬁiﬁéﬂi_m’ﬂéw 161 ce engine 112 could restart

i nferenceing w VA : t hose
oper ands) . 12\.,\?1% &%&ﬁ&@@%%@%&%%ﬁ%ﬁ%ﬁﬂ% 6@%%%@&@9@6}%@ ANDed
El ement syinhosd 8laéddE) dpenims onmneesd ahdSieddd orSemter of02 ivsbedsdy esmeame-: |
("and_op' [LocTag Attrip]) Ceneral Expr 5 General Expr This operation

per forns éefFlﬁa?eég?thﬂ‘iDO €8ati on on the sub-elements. The result is TRUE

if both sub-elenments are TRUE. O herwise, the result is FALSE. The
Gener al Exprs coul d both be Bool ean expressions, and this operation returns

a Bool ean val ue. At runtlddel IdentifierBenpingngi ne 112 nay eval uate only one of
the 10 General Exprs. .EFar.ex l.e, far the infix-code expression: fldl >=
100 and fld2 <% fP‘?ulf‘ﬁaﬁn@gB ST g ?‘I%?as e?“é’ﬁ(?g- engi ne 112 need not
bot her testidgnfibgldeidHabobiB@s overall outcone is known to be FALSE.
However, if fld S @53{9&6’&106 {grence engine 112 may test fld2 so that

i nf erigce engi ne 15 can ayol I s ig&lgﬁ?a hed e if 15 f1d2 has a
sufficrently | arge val ue, su S % . |mbl arly, inference engine 112
could also determ 98%12?8 CONPeE tthe identifier paths wth internediate
i nstance- reference fi'el #&SHERE f9'S val ue. Far exanple, for the infix
code expression: Father. pDoY. ddhad-spegitig legal verightes end. age > 10 20 Fat her
may not have any dog (‘pDeylesetrspedific objestever, inference engine 112 may

eval uafe the expression as #éalckss-sfpecilividtdécts friend is not sufficiently ol d.
Wil e ANDed El enent is descri bedoasnahdd-spreificdpedl atdsbles t coul d al so

accommpdate an arbitrary nugbepeQbe@ReIRAOVariabRE exanpl e, ANDed El enent
could handle a "list" of one or nore operands. If a rule is pended because
of one or nore

An object’s position in this hierarchy determines its scope (visibility) to object

20 references. An object at the rulebase-level is visible throughout the rulebase from
objects at both the rulebase level and at lower levels. An object at a domain level is
visible throughout its domain from objects at both the domain level and at lower
levels, but these objects may not be visible outside their domain. An object at the
ruleset level is visible throughout the ruleset from objects at both the ruleset level and

25  at lower levels, but such objects may not be visible outside the ruleset. Objects at
lower levels “hide” same-named objects at higher levels. Thus, a local variable

named Age may hide a class field named Age.

14.3.2 Identifier Qualification

30 A user does not generally need to fully object references. The user may only
need to specify enough qualifiers to disambiguate references. Thus, if the identifier
Age uniquely identifies a field in an instance Father of a clasé Person, the user can.
simply specify:
age.
35 If there are multiple static instances of Person, the user could further qualify the

identifier as:



25 operands in the ANDed El enent, inference engine 112 could restart
inferenceing with those operands that previously pended (and only those
oper ands)wo0X»3/040184 Addi ti on El enent The Addition El enment sweoparsv¥yi1addi tion
operations and has a format of. Addiité on El enent 30 ( add op’

[ LocTag_Attrib]) GCeneral Expr General Expr This operation perforns an
arithnetic addition of the sub-elenents. The operation returns the result
of addi ng t he f#ewagesub-el enent to the first sub-elenent. The 35

Gener al r l.d both b n .o et
w6 05 oot aiBel) Besbhe s8Ses BT L) SORHa e RE e QAP TIRL R 2 e @
obj ect of iheessifiepseci sion may be zero- extended to the other object's

precision before the arithmetic operation. The result nmay reflect the
greater preci sP@ponfothep.ages Subtraction El ement The Subtraction El enent

suppord s g r I nt
- subt5t opﬁd‘%_ isﬁﬁgtﬁlk@% plge \bﬁiﬁ 2 E&{ gelgg rsg %:%é %ﬁ(lﬁés Blgggrcg??on
performs giferadetdaciebrl theobjctsdntspocifyifig appeomw:be ghdifers. s. The operation

returns the result of subtracting the second sub-elenent fromthe first
sub-el ement. The General Exprs coul d both be Nunber expressions, and this

operation returns ajs MimBesicual MnaiiecRiRESRLIHIBGCaB] ects, an obj ect of
| esser precision may be zero 1o extended to the ot her object's precision

before the arlthrretlc op_m_ﬁmu_cﬁnec_ﬁ@m may reflect t he greater

preci sjon. | on El ene nt The upports
concat'énat i on g‘ﬁgartgt%%’%ﬁ cH%lgnew rﬁgg%g%zso %glrt]g‘tnl on&é? ment ::_
(" concat _gph sklocTag_Attrib]) General Expr

age
father.age
person.father.age
15 domainl.rulesetl.duck.donald.age.

In one embodiment, an IdentifierSpec can be specified as static anywhere within a
rulebase where IdentifierSpecs are allowed. In a particular embodiment, the path may
not consist of more than five identifiers, and the length of the path affects its
interpretation. For example, a field path with five identifiers may be assumed to be in

20  the format:

<domain_name> . <ruleset name> . <class_name> . <instance_name> . <field_name>,

whereas a field path of three identifiers is assumed to be in the format:

<class_name> . <instance name> . <field_name>.

25 14.4.2 Dynamic Specifications

A dynamic IdentifierSpec is one whose value is resolved during inferencing,
such as:

// The age of the spouse for the Person instance named Father
person.father.spouse.age
30 // The age of the owner for the Duck instance named Donald
domainl.rulesetl.duck.donald.owner.age

In one embodiment, an IdentifierSpec can be specified as dynamic within rule or
method logic. In a particular embodiment, these specifications can be arbitrarily long,

such as:



Gener al Expr 25 This operation appends one String value to another String
val ue. The operation returns the result of appending the second

sub- el emrewD oBo9d1be first sub-elenent. The GCeneral Exprs ca&cThsopi2oany
datatype, and either or both expressildhs can be Set expressions. |Inference
engi ne 112 may automatically convert non-String expressions to a String
val ue before performng the a t[ﬁend operatl on. There could be no options 30
for control I/ ('Ebe greoffthe ﬂ?ﬁ’t‘l@?ﬁg e manager of EMpLOXesl §&aanaget; $SPOP¥T ati on returns
a String val amplmeun@nagﬂuspwsemmmsml@ﬁéa@ 'ﬁﬂe Mul tiplication El enent

Bl ohont  VEDSPU001ME PRt OR Hp P tndy I Bmdt p off Mbolillat S VAT,

Cener al Exfife 168 TRIGhANEY 1defrtmysﬁemefea1atmsﬁﬁmwermfea¢ncarﬁeﬁdmﬁn |t1®e above

mul tiplication of the sub-elenments. The 5 operatlo ret f the result of
mul ti p?yi eépmeMe the t@tlﬁwﬂ@@ﬁ@n&n%WWen%%@ﬁfan%w %?é}l?ﬂ S- The

General Exprs coul d both be Nunber expressions, and this operation returns
a Nunber val ue. Wen nul tiplying objects, t her e may be no precision

adj ust nent, and the product nd¢.412¥ [TefetengingrBehiaxioon that is the sum of the
operand preci gisofisferchOe 1ehgine’/ DRVieshlante! thee whriduse f[aldﬂ shon EByeareict
supports addi tign qgperations and has a fornat of tsehtin El enent
(*div_op' SEQQHEFH@“A’@EF?“SP an@?)lge?i‘é}’ SNOpgier BRiRY v&lu8her at i on
performs an arithmetic division of the sub- eI emsnts The operation returns
the rédult of dividing the first sub-element by the second sub-el enent.

Di visions by zero could term nate |nferenC| ng vmth an error. The

Gener al Exprs could 20 both be Nunbeft.4ex BIgeY H
returns a Number val ue. Wihen dividing objects, there may be no precision
adj ust ment, anif infieepeanpmetl 1 dytects fah @oknown Value inference engine 112 pends

the currently executing rule.

15 14.4.2.1.2 Handling for Null Field Values

If inference engine 112 detects an intermediate field with a null value, the
outcome may depend on the current context. If the current context is a comparison,
such as:

employeel.manager.age <32 // where employeel.manager = NULL (no
20 manager)
inference engine 112 may force the result of the comparison to be false. If inference
engine 112 detects a null value outside of a comparison context, inference engine 112
terminates inferencing with an error exception. In this embodiment, if Employeel
25 does not have a manager (Employeel.Manager = null), inference engine 112
evaluates all of the following comparisons as false:

employeel.manager.age < 32

employeel.manager.age >= 32

employeel.manager.age <> 32
30 employeel.manager.age = 32

15. Rulebase Merging

Rulebase merging is a blending of elements and fields from participating

rulebases 114 or sub-rulebases. In some cases, the merging involves same-named



t he precision of the dividend value and be rounded as necessary. 13.

Dat at ype El enent 25 This specification nakes frequent references to

Dat at ype ®Daeawniis4 Dat at ype El ements have a fornmat of. Dacalsp@1fienent
Dat aTyPeNunber El enment : = DataTypeBd6!ean _El enent 30

Dat aTypeStri ng_El enent Dat aTypel nst Ref El enent
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Where there is an overlap, the result will depend on the elements and fields

10 merged. In some cases, there will be a blending of elements and fields. In other
cases, there is only a check for consistency between rulebases 114. In any case, the
following guidelines could apply. First, the merge results reflect only elements and
fields recognized by rulebase builder 110 and might not include namespace-prefixed
or unrecognized elements/fields. Second, there could no attempt to merge rulebase

15 logic. For a method, this means that only one rulebase element can define
implementation logic for the method. For a rule, this means that only one rulebase
element can specify implementation logic for the rule. For a constraint, this means
that only one rulebase element can specify a constraint Boolean expression. Third,
for a given element, the merge reflects only the first LocTag_Attrib found. So if the

20 first rulebase element specifies a LocTag Attrib, the merge results reflect that field.
Otherwise, the results will reflect the LocTag_Astrib (if any) for the second rulebase
element. The following sections provide additional details of how rulebases elements

can be merged.

25 15.1 Merging of IdentifierSpec Elements

When merging these elements, one element’s specification should be identical
to or else a right-hand sub-path of the other. For example, one element might specify
Person.Father.Name, and the other element can specify Person.Father.Name,
Father.Name, or Name. If the specifications are not identical, the merge results may

30 reflect the most-specific (longest) specification.

15.2 Merging of DataType Elements




Dat aTypel nst Ref _ Elenent .:_ ('datatype' InstRefType Attribs+)
ldentifierSpec I/ Cass for instance 20 InstRefrype Attribs ::= DataType
Attrib //woimaspoiset” (Required) Collection Attrib // OptipemalSo3/12071
LocTag Attrib // Optional The Rule DdP3nition Language supports the four
"atom c" datatypes shown above. 25 There coul d al so be a variation of

Dat at ype_El enent for each ato dat at ttrih and

Col | ection At t Mhsnapesgg, these gﬂéﬂ \gﬁteéf %&%ﬁfg aé@ agﬁlbtéAt trib
i ndi cat esq Ho*a;%i ehat e{imgﬁ.{eﬁiéyp@nh@'tﬂo%st' 8pn %terl Bthet Ndbeeas Whetmgr this
datatype I's for a collection of values, such as a set, or for a sinple

at oni ¢ vaDumTyﬁﬂVzﬁmlverDEiemeirty,pdl\ll;mbBreCEk@uémlb élf@%rth@@ﬁﬁréfptfﬁ%ﬁamay specify
a "precisi ressed in terns of decimal digits to the right
of the de qh?)g;eﬁ{erokﬁ‘lﬁg DI i ed, server 102 assumes that the value
is an 4 nteger of zero-precision. For Data TypeAssoclnst Elenent, a user
coul d specify two sub- eI errents These identify, respectively, the

dat at ype' s Associ at Mg P e ILARNEINS name. 35 For exanple, for an
Owner shi p Assogjation in I f ck, the Duck cl ass

ni ght define aﬂ‘?g} R éﬁ‘%g Jﬁgfggnel qas:ﬁ%ﬁ ‘%S@él ation instance for
role Person in an Oanership associ ation, such as by <field
nane="1sOwedBy" > <dat at ype coII t pe ) " typ— assoc i nstance"> 40

<i dentifier name="Pép<&oMers iEHM : €ll> WD 03/ 090164
PCT/ 3/ 12071 t e t, a
user Uls'%gem fi esnggrllj%gé P&{&@% H@haett%ﬁ gﬁgﬁﬁ 1? @%M%bapgﬁg?g{bz%?o%ggﬁﬁw th the
i nstance nagekeBlment defirex anp leMehbibDEf Eleass! aey giyedddvicheharesil GntledBy
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sub-elements, and the merged elements should have different names. If merged

elements have identical names, at most one of the elements may specify an

15 InitMethodBody (method implementation).

15.5 Merging of Same-Named 4ssoc Elements (at any level)

IdentifierSpec elements should be consistent with one another.

20 15.6 Merging of Same-Named ConstraintSet Elements (at any level)

Rulebase builder 110 could combine Constraint_Elements. For same-named

Constraint_Elements, only one element may specify a GeneralExpr.

15.7 Merging of Same-Named Class Elements (at any level)

25 If multiple elements specify a Parent_Element, these specifications should be
consistent with one another. If either element specifies a Parent_Element, the merge
results reflect the parent.

For same-named FieldDcl Elements, the ResolutionType Attribs and
DataType_Elements should be identical. If one element specifies “final valued” but

30 the other does not, the element will be “first valued.” Rulebase builder 110 could
combine lists of ConstrainerList_Elements. If both elements specify
ConstraintViolation_Elements, rulebase builder 110 may choose the most restrictive

one (an abort element over a resume element).



<identifier nane="Person"/> </datatype> 10 </field> 14. ldentifiers In
one enbodi nent, identifier nanes could be case-insensitive. In a particular
enbodi nenwQ oslegoiRul e Definiti on Language di sal |l ows identi feCe&rusazmsst f r om

i ncluding 15 doubl e quotes, periods,l0£o0nmas, col ons, or parentheses (open
or close). Server 102 could inpose additional restrictions such as by
reserving words or inposing some ordering restrictions,

| dent i fi er SpecFor papermpmpe Cl@sMeghadDef ddeitenty,cthpansihed éiﬂ%‘ﬁ'f“reSZ@X"ePt

| denti fi efrSpec. el o) e r

El oment  IROREVENEr BACR) ROUFL B ophTRenting MR CALOBRER: o fRRbi &,

| dent i f i eClAkMeinogBYdy |Fleidnk (mahod\tmplemntanorg Name Attri b 11 Requi red
Intrinsic_Attrib Optional ::= LocTag Attrib_// C? na‘f 30 lde IifierPath
El ement .:_ (' F@I‘”e?ﬁmﬁ'il@iﬂe(bég{“i‘ic-”? gmaisy Tulbase 10dPay-remBINe+ An
| dentifi eg.nfﬁﬁg 990 MedEleg%lni‘édchﬁ" él&ﬁént@ﬁfh%-ﬂ%ﬂtﬂdéﬁtﬁ{er@r a

" pat h" ip ent Iers or exanple, infix |an e supports paths
usi ng t heru'lebase 3)51ldﬁeim aray =taih oaly, thel fuss \Lasi6Snaedeiuer Q!lin Bulebape?
Intr|n5|c I |§|er VI)OB/OQOlS Jpgéb §2§/12071 98 For each ldentifier

El emrent , 10 handpt SWREHRE 28 JUS PR ST PHES i dentifier is an intrinsic
identifier (Intrinsic Attrib), or an identifier built-in to the Rule
Definition Language. Server 102 couI d exam ne these identifiers and

conpare them agai ns Sit ! Sere could be a match,

such ?& a Casehl %ﬁer}sellgrlngn is sthare'd with client applications 122, the result will be

shared. Otherwise, the result will not be shared. If both elements specify a
DomainGoal_Element, the goals should have consistent values. If either element
specifies a goal, the merge results reflect the goal.
If either element specifies a DomainAppSharedFlds_Element, the result may
15  reflect a DomainAppSharedFids_Element. If both specify one, the sub-elements may
be merged, but the same identifier should not end wup as both a
DomainPreConditionList_Element and a DomainPostConditionList_Element.
For same-named Ruleset Elements, if one element specifies the Post_Aitrib as
“conditional” but the other does not, the element will be “unconditional”. If either
20 element is shared with applications, the result will be shared. Otherwise, the result
will not be shared. Rulebase builder 110 combines the Rule_Element sub-elements

but may disallow same-named Rule_Elements.



5 O herw se, server 102 could reject the usage as a syntax error. The infix
| anguage could require that each intrinsic identifier be specified with an
"@ prefiwoo0dlosiass t he i nfix | anguage coul d support alter n®@Ciraesos/mons of
intrinsic usage. For exanple, the fdPbiow ng pairs of statenents could be
semantically equivalent and generate identical Rule Definition Language
code: 10 @nst_reset (duck. @nsttenpl ate) duck. @nsttenplate. @nst reset (
@mmush( Domai nb9._Ibtrinsi @h push() 15 if @I d_i sunknown(instancel.fldl

then... end if, ipstance.l fddl | ded _ O~ T slof

@et _doesi ncl u@éﬁ,}g}ﬂf?gﬂ%}ﬁo gP%nrgﬁe?s%g'ég&g% lé?nttls efét' .T eeftsﬁgwufg are

doesi ncl ugdaualdsldIntrinbreAdentifieRnd vémindiddk tlarpnages einvheselBmpies, thhaofe t o
expose intrinsic identifiers with different nanes. . tha ,T,ho?.e defi ned by
thi s docusegiage Rspuitex hepeash 1%@%&%@%%@81}%%@&@&%{@08@ Xi nst tenplate
nor e %irrply as "tenplate" and make the latter nane a reserved word in its
| anguage. 25 WO 03/090164 PCT/US03/ 12071 99 14.3 Ildentifier Resolution
The Rul e Definitionldaryusdadiciefaenases i dentifiers with rul ebase objects,

such as cl asses, donmains, | stanceﬁ, nd fields. Server 102 then resol ves
name- references to thosgiégf5@9%43§%§4.3.l I dentifier Scoping A user could
define obj ect sthil RAehf:akCisGRboli@TBlcRMce IHCMe dlebasd BedpRaReelgl Foal
objects o class-specific objects 10 net hod-specific |ocal variables o

domai n- speeinfple ibbjaydiesustfi} limdistingeishing @ wigbesstlevelfobddiremet demaint ocal

vart aOI eslevel Class]. This identifier may be specified as the first identifier within an

)
)

identifier path, such as by:
@scope_global.classl.instancel.fld1 = 3,

16.1.2 scope currclass

15 This identifier is a symbolic reference to the current class for an executing
method. For example, it may be useful for distinguishing an instance xyz from a local
variable xyz. This identifier may be specified within method logic, but not rule logic,
as the first identifier within an identifier path, such as by:

@scope_currclass.xyz.fldl =3

20

16.1.3 scope currinstance

This identifier is a symbolic reference to the current instance for an execuiing
method. For example, it may be useful for distinguishing a field xyz from a local
variable xyz. This identifier may be specified within method logic, but not rule logic,

25  as the first identifier within an identifier path, such as by:

@scope_currinstance.xyz = 3

16.1.4 candidate value

This identifier is a symbolic reference to the proposed new value for a field.
30  This identifier may be specified within constraint Boolean expressions, such as by:

@candidate_value >= 0 or @candidate_value <= max_age

16.2 Intrinsic Qbjects




N rul eset-specific objects 15 class-specific objects o nethod-specific

| ocal vari abl es rul e-specific | ocal variables An object's position in

t hi s hi erapohpodes ermines its scope (visibility) to obj ectrCTAGoOs/efoer ences.
An object at the rul ebase-level is vil8é bl e throughout the rul ebase from
objects at both the rul ebase I evel and at | ower |levels. An object at a
domain level is visible throughout its domain fromobjects at both the
domai n | evel and at | owekb:-2ilcipgt femmlafe { hese objects may not be visible
outside their Brtrif S BSGhed AYS atbév){!hsdllmlﬁ‘s gdir oughout
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30 A el in SRS agg&%%ﬁa{ oPBRANEO Wt rkyrietBd A4 in' BheheyaRSwrithentyser may
only nee to specify enough qualifiers to di sanbi guate references. Thus,

i f the i dimstahédser Ruldpeseuigiuehy dndiersel Valsss dorf fesdatenfields.i bt @Eﬁc@aﬂiat her of

| P h
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i n-scope cl asses fine Father ects, the user could nore-fully qualify
t he i dent ¢xdmnle useisperson. father.age. 5 If Age is defined multiple places
Wlthl{ba code bl ock; %gaqggg)uckhe code bl ock can reference each of the
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| dentifierSpec is one whose val ue cgn be resol ved pri oft i nf erenci ng,
such as: age // Initialize template fiel
duck.@inst_template.age = 4
15 // init additional fields

// Create new instance
@inst_make(duck)

16.3 Engine-Level Methods
20 16.3.1 engn startchain

This identifier is an intrinsic method that initiates (or restarts) inferencing for
the current domain context. One example is:
rcInfer = @engn_startchain()
If inference engine 112 is already inferencing over the current domain, inference
25  engine 112 may abort this operation with an error. The method return code indicates
an engn_stopchain() return code (if any). If inferencing terminates normally (without

engn_stopchain execution), the return code is zero.

16.3.2 engn stopchain

30 This identifier is an intrinsic method that immediately aborts inferencing for
the current domain context. If inference engine 112 is not currently inferencing over
the current domain, inference engine 112 may abort this operation with an error. This
identifier also specifies a numeric value that will be returned as the inferencing return
code. By convention, this value may be non-zero because inference engine 112

35 returns zero when inferencing terminates normally. In any case, inferencing may



father. age person.father. age 15 domainl. ruleset]. duck. donald. age. In
one enbodi nent, an ldentifierSpec can be specified as static anywhere
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enbodi ment, the path may not consistiodf nore than five identifiers, and
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dynamic within rule or @e8Bodndmiacemign a particul ar enbodi nent, these

specifications, can. be.arbitraril.y .l on such as. 0] 4
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and Ous BVQSHOTP ﬁgf%lcgﬂfzfeﬂsgpéﬁ%ea i e'péesése?%. 4.2.1 Inferencing Behaviors
As inference engi ne@ehdneyaletd@ Rb1 viatieptge * &t fishdrmga) dynam c
specification, inference engine 112 nmay encounter unknown or null field
values. 10 14.4.2.1.1 Handling for Unknown Field Values |If inference

engi ne 112 det eglSspaR . HKARMde: | nference engine 112 pends
16.4.1 dmn_push

15 This identifier is an intrinsic method that loads a specified sub-inferencing

domain. If the specified domain is already loaded (pushed), inference engine 112
may abort this operation with an error. One example use is:
@dmn_push(DomainX)

20 16.4.2 dmn pop

This identifier is an intrinsic method that unloads the current sub-inferencing

domain. If there is no domain currently loaded, inference engine 112 may abort this
operation with an error. One example use is:
@dmn_pop()
25
16.5 Instance-Level Methods
16.5.1 inst make

This identifier is an intrinsic method that creates a dynamic instance from an

instance template. It creates an instance based on the current field values for the
30 template instance. Rulebase logic can create multiple, similar instances by initializing
the template instance once with field values shared by all the instances and then
invoking inst_make() multiple times, each time modifying the template field values

for instance-specific differences.



the currently executing rule. 15 14.4.2.1.2 Handling for Null Field Val ues
If inference engine 112 detects an internediate field with a null val ue,

t he out cowpm3meedepend on the current context. |f the cuPCEFUiSOHWITEXt IS a
conparison, such as: enployeel. managé$.age < 32 Il where enpl oyeel. manager
= NULL (no 20 rmanager) inference engine 112 may force the result of the
conparison to be false. If inference engine 112 detects a null val ue
outside of a conparison context, inference engine 112 term nates
inferencing with an;eknor exception. In this enbodiment, if Enployee] 25
does not have a managet eel . Manager = null), inference engine 112
eval uat es al | @histidentffi liown intriasinpacthed twt assefsadls of acpptifigeastangeiager . age
< 32 enpl.oyee Lmanager. age >= 32 _enpl.oyee Lmanager.age <> 32 30

enpl oyeel fFigH yay wkgawa sigc. Qre exqmRIpUsESier gi ng Rul ebase merging is a

bl endiyig of elenentg%gadm£& 14181 fdsRiePgrti cipating rul ebases 114 or

sub-rul ebases. In s Tases, the nergi'ng involves sane-naned WO 03/ 090164
PCT/ US03/ 12071 102 objects within the same rul ebase. Rul ebase buil der 110

mer ges rul ebases el?gggts Eﬁelgorparlng obj ect names at the rul ebase-Ievel,

constraint-set-1leve domai n-l evel, and rul eset-1evel. \Were
there is no ovesa@edtifer FOHEMRBRRANEhEMEAL 8dletdl a sp@iNandyiRmat instdnee. 5
result is sinply the aggregate of the merge objects at that |evel. So if
one rul ebhsene emodipieyt, duy kinssofarufe ¢asrieaie dumagnic dpgances it Aty REeT-and

anot h rul ebase 114 i e-level class naned C ass2, the
mer geﬁg esmafcqwaﬁu}efé:?’?gé tebtg%%' g?%segj“h an J ass2. Wiere there is an

overlap, the resultf ||l depend on the elenments and fields 10 nerged. In
some cases, there wiljipyfucR ddl ending of elements and fields. In other
cases, there is only a check for consistency between rul ebases 114. In any
case, the follow ng gujdeli %?dmcl apply. First, the nerge results
reflef% only el enents g& efgg 1§6 recogni zed by rul ebase builder 110 and
m ght "o @% P %é I xed

t include nar cpre

@inst_delete(d)
end

20 16.5.4 inst getname

This identifier is an intrinsic method that returns the name of a specified
instance. For static instances, the returned name is a fully-qualified name with “.”
delimiters, such as:

“Domainl.Rulesetl.Person.Father”
25  For dynamic instances, the instance identifier reflects an index value, such as:
“Domainl.Rulesetl.Person(23)”
One example use is:

strName = @inst_getname(personl.spouse)



or unrecogni zed el enents/fields. Second, there could no attenpt to nerge
rul ebase 15 logic. For a nethod, this nmeans that only one rul ebase el enent
can defi nwo osopdiesrent ati on | ogic for the nethod. For a rulper/tshs/s20means
that only one rul ebase elenent can dpecify inplenmentation logic for the
rule. For a constraint, this neans that only one rul ebase el enent can

specify a constraint Bool ean expression. Third, for a given elenent, the
ner ge reflectsléﬁjjlélﬁjhﬁﬂﬁhh/&m&iié@_l@éﬁrib found. So if the 20 first
rul ebase el enent sp§§i6f1i o5 E{ g&gﬁl’ag Attrib, the nmerge results reflect that

field. Oherw se, Il reflect the LocTag Attrib (if any) for
the second rul ghgsi@entHficeieah intfihdc hedthodvihaigiesis atspecifie field’ sl enawabilityonal

details of how rul ebases el enment.s merged. 2 5.1 Merqging of

| denti fi eFBBEC I@I"B‘?r@rﬁ’i‘%lwnﬂ@rlai%gﬁ%‘&&“@ﬁ%ﬁ%@, TREE L

speci  § catppiiy §£1ﬁé'.' 6tﬁé§wiﬁg%re'cﬁﬁlmﬂ -tRE rileSAlIGeht Wt fRMEbIS iRk of the
ot her. For eXxanple, one elenment mdght specify “Person. Father.Nane, and the
ot her el ekmown state. (urecixynpRenseost. Fat | er . Nane, Father. Nane, or Nanme. |f the
specifications are not Jdentical, the resul,ts may 30 reflect the
nost - specific (| ongég@ddsﬁglé‘?‘?"? qnﬁ?llﬁggqge *8fng of DataType El ements WO
03/ 090164 PCT/ US03/ 12071 103 When nerging these el enents, each elenent's

attributes and sub-el enents should be consistent with those of the other
el enent. For Data T¢dehNdighsunEowmrents, if the Precision Attrib differs,

t he ge result. Lef.lect t.he areat e reci>Si 15, 3
I\/brgimié) of Rul (Ler%%fgiggﬁfré%ﬁ% 7 fSlﬁg’FeglgOd‘ra%lgﬁeﬁtsge%%@te g ffeﬁdeg'ﬁf Qg%ble enent' s
Narme At t 1 isRiusl SIFAhSETeH ROcitentlyi 1N KINDNDRY stele i hietiodt reautits heBmilganl0 The
merge result could retain nultiple |InitMthodDef Elements. So if each

rul ebase &Adddhvalaef Otheswisacthe mathas 1sBuees Beplean ARUE valugi (B§ XavBle, t he
result w Iuleisbe two | nitMethodDef Elenents at that | evel. Each el enent
retains ita own fields and sub-elements, and the nmerged el ements shoul d
have different nanesf@ffd Fenkedn(@senesitkilpdwa i dadti cal nanes, at nost one
of the elenents may specify an 15 liaitMethodBody (nethod inplenentation).
15.5 ﬂ/ﬁrgi ng of Same- Nanmed Assoc El enents at any | evel)

16.6.3 fld reset
This identifier is an intrinsic method that resets a specified field to an
UNKNOWN state. One example use is:
@fld_reset(class1.instancel.fld1)

=

20
16.7 Field-Level Methods (Specific to Sets)
16.7.1 set addval
This identifier is an intrinsic method that adds a specified value to a Set. If the

Set already contains the value, this operation has no effect. The specified value may
25  be type-compatible with the Set. One example use is:
@set_addval(setl, 123)

16.7.2 set doesincludeval

This identifier is an intrinsic method that tests whether a Set already contains a
30 specified value. If the Set does contain the value, the method returns a Boolean
TRUE value. Otherwise, it returns a Boolean FALSE value. The specified value may
be type-compatible with the Set. One example use is:
if @set_doesincludeval(setl, 123) then ... end



I dentifierSpec elenents should be consistent with one another. 20 15.6
Mer gi ng of Sanme-Naned ConstraintSet Elenents (at any |level) Rul ebase

bui | der 1WO osgied conbi ne Constraint El ements. For sane- n@egdSo£mest r ai nt
El emrents, only one el enent may speci fly0 a General Expr. 15.7 Mergi ng of
Sane- Naned Cl ass El enents (at any level) 25 If nmultiple elenments specify a
Parent El enment, these specifications should be consistent wth one
another. If either elenment specifies a Parent Elenent, the nmerge results
reflect the parent. r - Fi el dDcl El enents, the Resol ution Type
Attribs and DataT 1673, 84 Tridd (ﬂul d be identical. If one el enment

speci fies "fi n@his védntiGer isutintridfic nethadt thetrrentoess aspecificdevabledivemt Sef.| | be
"first valued." Rul] ebase builder 110 could conbine lis 0

Const r ai nd# 13 1gsut, dhe ﬁ?%?en}aﬂnsomqli‘a’égeéné‘?ﬁ‘)@% ﬁeg}%ﬁ?} Ofééﬁ?if[? Péitbﬁ?omes the

Vi ol at4 on S i r . t S jigti ve
one (aén agj{)l ett'errl;g%'té {,g&\;@g@ﬁgﬁ%ﬁgeﬁ%ﬁ%@ib%@gg/tgggggfg%g%ﬁ&g/ 12071
104 For sageds:nanmed Cl assMet hodDef El enents, the nethod signatures (except
for paraneter nane) should be consistent and at nost one el enment may
specify a C assMet %ﬁ?oﬁv@ﬁieﬁﬁ 1? thod i npl enentation). For sane-naned
StaticlnstDef Elenents, rul ebase builder 110 may conbine 5 any |ists of

Last ChanceVal ue El ements. For elenents with sane-naned identifiers,
rul ebase buil der 1106.Adysetenaigasabnl y the first Last Chance Val ue found.

Rul ebgse builder .110. handl es .constrai nt.s a Fiel. I 15.8
Mer gi ﬁg of Sangﬁ‘ﬁd%’gglt%ﬁﬁ%%"Eﬁné%meg’oﬁotﬁ?tfl%&gt%%grgp g%g%%&#@ sn%a'r%gd wth
client apgkt Qﬂ%}fe%ﬁ&iﬁ&?SeﬁiE‘@mF%S,ﬂ{iﬁ opérhtioniens rohdfeet]. TK hircifledSet thag r esul t
will not be shared. If both elenents specify a  Domain Goal El enent, the

goal s shob¢ tpe&ompeiblsivathethe bosgl b sOng exammplpase i8] enent  specifies a goal ,
the merge results r I f el Rl specifies a

Donai nAppShar edFl ds@ggﬁ%ﬁﬁré&?ﬁg%?gesg%}t ﬁanil/&gél%e%r gﬁ?e%:tt a

Donmai nAppShar edFl dsEl enent. |If both specify one, the sub-elenents may be
merged, but the sane identifi ?r shoul d not end up as both a

Donai }ﬁ:’reC0ndi ti onLi&d ta Domai nPost Condi ti onLi st El enent. For

same- named Rul gﬁﬁtmgﬁtﬁf@%%%ﬂ infriRemeteaRRk RRRALS hepebitRdReL Mlddsi b as
"conditional" but the other dloes not, the elenent wil'l be "unconditional".
| f either from a base Set. As a result, the base Set remains unchanged, becomes a subset of

itself, or becomes the empty Set. The specified Set may be type-compatible with the

base Set. One example use is:

20 @set_excludeset(set1, set(123, 456)) // remove values from setl

16.7.6 _set intersect

This identifier is an intrinsic method that intersects a specified Set with a base
Set. As a result, the base Set remains unchanged, becomes a subset of itself, or
25  becomes the empty Set. The specified Set may be type-compatible with the base Set.
One example use is:
@set_intersect(set1, set(123, 456)) // possibly modifies setl

16.7.7 set doesintersect

30 This identifier is an intrinsic method that tests whether a specified Set
intersects with a base Set. If the Sets share any values, the method returns a Boolean
TRUE value. Otherwise, it returns a Boolean FALSE value. The specified Set may

be type-compatible with the base Set. One example use is:



20 elenent is shared with applications, the result will be shared.

O herwise, the result will not be shared. Rul ebase builder 110 conbi nes the
Rul e El erwnto3sudie€l enents but nmay di sal |l ow sane- naned RulP€THISesre00s. WO
03/090164 PCT/US03/12071 105 16. Indrinsic ldentifiers The Rule
Definition Language refers to intrinsic identifiers The follow ng are
exanpl es of |ntr|n5|% identifiers |ven |nf|x Ianguage In these

exanpl es, the infix i @sagdagpnteis SW%S“? eIiea(fil?-intrinsm identifier be
specified with an "@ prefix. 5 16.1 Synbolic References al 16.1.1 scope
glob This identifier is a synbolic reference to the rul ebase scope | evel.
For exanple, it naﬂ6ﬁb8usb£ahﬁ'n distinguishing a rul ebase-1evel d ass]

froma donmai n- vel. d ass. This jd ifier |f| dasthe
first identifi q%ﬁilh %Bmsnlils Eﬁiﬂ re e‘iff Vattle indicatiig
@copesg| Qi?@lhurﬁi)@fso?i elérﬁ§ﬁt§“i}?§|8ef | HtheSdt is bty t%emm fuirh s b@ss G Thi s

identifier is a synbolic reference to the current class for an executing
met hod. Feramplamsés: it nmay be usef ul for distinguishing an instance xyz
froma local variahle % This i ent Suertqgg qi specified within nmethod
logic, but not rul e THEFEICNEds Py o ZERPPETE) within an i dentifier
path, such as by: @cope_currcl ass. xyz f1dl 3 20 16.1.3 scope
currinstance This |dent|f|er is a synbolic reference to the current

i nstance for ad6dxEialdlenel Mathads(Speific (o SEWLEE it may be useful for

di sti gwshi ng a fiell X¥Fink" O ,ocal variable xyz. This identifier may
be specified withi put not rule logic, 25 as the first
identifier wthihis ﬂ;l’&entlﬁ&ﬂislefnl mmrm&tﬂnethsdcﬂmtasmlmys a Gagoime valuerindishtingce. xyz =
3 16.1.4 candidate val ue _This |dent|f|er is nmbolic reference to the
proposed resvepath s o frng. Af hePringis empty. thy a]i“i‘qy’é’f?‘urﬁﬁﬁerﬁe QSSEPIPEY Wi t hi n

constr ai nt, Bpol ean expressions, such as by:

var cChars is number = @string_getlength(stringl)
15
16.9 Ruleset-Level Methods
16.9.1 ruleset postrules

This identifier is an intrinsic method that posts the rules for the specified
ruleset to the agenda for the current domain context. The specified ruleset may have a
20  Post_Attrib value of “conditional”. One example use is:

@ruleset_postrules(domainl.rulesetl)



@andi date value >= 0 or @andi date val ue <= max-age 16.2 Intrinsic Qbjects
WO 03/090164 PCT/US03/ 12071 106 16.2.1 inst tenplate This identifier is a
ref erencewD®3@mibhnt ri nsi c i nstance associated with all cl 234803/1d071 serves
as a nodel for dynam c-instance creatlibn. Arule or nethod initializes the
tenplate's fields to reflect the desired fields of the new dynamc

i nstance. Tenplate 5 instances are a_special  form of. mstag)%e wi.t h

restricted use Whils fhe nresspt shisslagpre; baphogn deserbar &y oy baREMTEsdi ¢ can
only set gﬁbg&aﬁeﬁﬁf ?Lcﬁgaleﬁh 5 &iflSd nilodRObidreRshs 4l hﬁu&ﬁsebfi&eor

i nvoke met S via te I nstance. LI kew se, mpl a i nst ances may
have no i pfeferesit iemipodingmits landamhods lmli brs appnrerpatot ﬁrone rshtlh‘:dl mgtheCare

exanple use is; 10 // eatea reset | at e

rocor 11 efeoRinalRuRAROS (eaEtoR of TP EE | SEp Ay RURISIEMAY. @ nst
tenpl age. ggne ¢t cdmtrain thé Prébeht FidstieNal Oftet! @lﬁmgés/ SbaRtSoeWridnSt ance
@ nst make(duck) 16. 3 Engi ne-Level Methods 20 16.3.1 engn startchain This
i denti fi enlt¢rstioms draalsppopblawtithout d&paﬂlngrfrqméhee@n(lbandrsesgpwﬁtby Prase®r enci ng

for the ent do e exanple is: rclnfer =

@ngn_st aﬁls(?{?ﬁ}uﬁ( a3¢° ﬁnﬁ?b@h fél%?{&gnc %2 i s already inferencing over the
current donmain, inference 25 engine 112 may abort this operation with an
error. The nethod return code indicates an engn_stopchai n() return code
(if any). If inferencing term nates normally (w thout engn_stopchain
execution), the return code is zero. 16.3.2 engn stopchain 30 This
identifier is an intrinsic nmethod that imediately aborts inferencing for
the current domain context. If inference engine 112 is not currently

i nferencing over the current domain, inference engine 112 may abort this
operation with an error. This




identifier also specifies a nuneric value that will be returned as the
inferencing return code. By convention, this value nay be non-zero because
i nf erencewengiomaed12 35 returns zero when inferencing ter®Cratey1200r nal | y.
In any case, inferencing may WO 03/ 090364 PCT/US03/12071 107 term nate

i nmedi ately without conpleting the current rule action. If that action had
i nvoked net hods and one of theminvoked engn_stopchai nO, that nethod and
all dyn > : methods i medi ately terninate as well. One
example use i sy, GRGRAIOR: SRRl bteloiRe dvided) cogtisingacemsg Thi s
identifier is an intrinsic nethod %hat sends a textual nessage to an

appl i cati on' s hsisingahdudligrofonled/fs sagedifiedgosdipects (if any). |f the
client applicatiogn 122 has not defined.any . se. . Nbjec i nf nce
engi ne 112 rra;}g?lﬁﬁn&n@ a‘iol%ﬁﬂv%%t ?ISE@%E{?Onenaéggctla&g(‘ge‘@g(%1% @Sé’efg% e use

S GO EEARRTRGkSLnBik ahiniebitelin sg@ubinf ddhelesage) | 16.4 Domai n- Level
Met hods 16. 4.1 dnn_%ush 15 Thi's identifier s an intrinsjic nethod that
| oads a speci filenifging- iahfleasinent osigonditian pssogipied s padi e dulsemspet i s

al ready | oaded.(pushed). .inferenc ngi rt this operation
with an i9SEPRAIENN rERre P‘égﬁrégﬁpgﬁr(%i?r‘nl{%ﬁéﬁ Jrﬁ?{%@&’zo 16. 4.2 dm pop
This identifi efcdiingRmiifbutivalie@ofespbading fathe uddnbifidd prdvenditionsy and
sub-inferencing donmain. If there is no, domain currerclyt?il}/ {?oadedt i nference
engi ne 112 nayexsp@ing enleast agpration phHeiules usHsethe dRPUI R RSHEFELEL | s:

@m pop( e ¢ ho e iddtifed pbASIndiRInS. Thi s

i dentﬁfi e ut?lgt%gﬁu%i ﬁ.‘[eroirl'11 SI gglﬁ%#ﬁ%%b?%@tgcregtl es 1aedylznan‘i c instance from an
instance tenplate. It creates an instance based on the current field val ues
for the 30 tenplate instance. Rulebase.logic can create nultiple, simlar
i nstances by i®iti aThf’zmﬁﬁloar?gctlaéWp]i’éi‘f st ance once with field val ues

shared by all #0&,k08sARGRS NG BeD

one of the first rules invokes sub-inferencing by loading a second domain from

15 a supplemental rulebase, wherein inferencing over the second domain’s rules ends

before execution of the first rules resumes.

3. The method of Claim 1, wherein:
the rules comprise first rules; and
20 one of the first rules invokes sub-inferencing by loading a second domain from
the first rulebase, wherein inferencing over the second domain’s rules ends before

execution of the first rules resumes.

4. The method of Claim 1, wherein the rules comprise first rules; and
25 further comprising executing of a plurality of second rules after execution of
the first rules ends, wherein execution of the second rules uses the output value from

the first rules as an input value for the second rules.



i nvoki ng inst make() nultiple tines, each tine nodifying the tenplate field
values for instance-specific differences. WO 03/090164 PCT/US03/12071 108
16.5.2 i 'wD wm3Ebs This identifier is an intrinsic method Phatusoys®rs al | of
a specified instance's fields to anl#hknown state. One exanple use is: 5
@nst reset(classl.instancel) 16.5.3 inst delete This identifier is an
intrinsic nethod that deletes specified dynam c instance. |n one

enbodi rrent any ki nihemethgd of @W(,lrb her QOHEHSESY nst ances, but only

patter n- on | f
pa e 10, TRUER ks acamdpkakgiaten, e examle uee s Tor any

@ nst _del et e( dssigaing 2fbnlirsetdble malue &4 thametractabie ﬁdléntl f| er is anintrinsic

net hod that returns the nane of ecjfi t at
i nst ances, the®SSEeNeEg o e Yeéraﬁaﬁlglvlc i ?Pa‘ihleir'ig[ ?ar]i’g‘?rg 1&] afrﬁls" a"| :
del i misters, SuGha@e thPedBicAbleRYIERAhb nor?-?étﬁdéfbbf@%l@d 25 For dynanic

i nst ances, the |nstance identifier reflects an i ndex val ue, such as:
" Donai nl . Rul eset | . Person(23)" One exanpl e use is: strNane = @ nst

get nane( personl. spo PCT/ US03/.12071 109 16. 6 Fi el d- Level
Met hods (Al l F%S'el dsl)(lﬁ %‘g\ﬁgdﬁ ? M%C SESIH entifier is an intrinsic

met hod that tegbsivihgSPaetbdddethphi ehllle Sudtitowatitst idoynmunication handler after

execution of the rules begins; and

10 communicating the output value using a second communication handler before

execution of the rules ends.

7. The method of Claim 1, further comprising:
receiving information identifying a first field;

15 identifying a first rule that assigned a final value to the first field;
identifying a second field that caused the first rule to fire; and

identifying a second rule that assigned a final value to the second field.

8. The method of Claim 1, wherein executing at least a portion of the

20  rules comprises determining whether to fire, fail, or pend a decision tree rule.

9. The method of Claim 8, wherein pending the decision tree rule
comprises identifying a binary statement that caused the decision tree rule to pend;

and

25 further comprising unpending the decision tree rule and restarting execution at

the binary statement that caused the decision tree rule to pend.

10.  The method of Claim 1, wherein executing at least a portion of the

rules comprises enforcing monotonic reasoning as the rules are executed.



status. If the field is currently in a KNOMWN state, the nethod returns a

Bool ean 5 TRUE val ue. O herwi se, the currently-active rule will pend until
t he fi el dwadhiogpaes a known state. One exanple use is: if PArIh03/12071
i sknown(instancel.fldl) then ... end1136.6.2 fld i sunknown 10 This

identifier is an intrinsic nethod that tests a specified field's
knowability status. If the fieldis currently in a K state, .t he net hod
returns a Bool ddn FAicSEethad 0é Clah by whersin @lﬁéu}?étaﬁ%@%@r@“él @%‘gi ean
TRUE val ue.. One exanple use is; If i | Lfpstancel .fldl) then ...
end 15 léYl’gF%nf‘}“Eh&gé’@{uesrﬂ’la% Fﬁ%sﬁgr}egtéégl%@égﬁgﬁ%@%@zi c method that resets
a specified field to an UNKNOMN state. One exanple use is: @Ild

reset (cl assl.instancel.fldl 20 16.7 Field-Level Methods (Specific to
Sets) 16.7.1 d8t addheanetired of Clgintli furher soMpFSINEt ri nsi c net hod that adds a

specifiLed value,to a . . I - I : hi s
oper at #on has %orgllgfaergg &'0 e‘mé“‘g%%f?ﬁge \?éaﬁﬁgéﬁﬁlg%%ggﬂiseﬁ? %éf}%ﬂgﬁ%%%i bl e
with the Set. Greimxasipet uxkoitput v@hes inddialt{spetific iffdd)atiohdlqekAnghe

doesi ncludeval This identifier is an intrinsic nethod that tests whether a
Set al readyer@eiit ains a 30 specified value. If the Set does contain the
val ue, the nethod returns a Boolean TRUE value. O herwise, it returns a
Bool ean FALSE val ue. The specified value nay be type-conpatible with the
Set. One exanpli8. useThesmeitiod @eflathods iwiereid exatytigt 4t, ledse 3) partien of .the end WO
03/ 090164 PCT/ US03/ 12071 .110_. 16.7.3 set rei(&g}veval lTh' S 'tihdetnti fig is an
i ntrind8i c THies KeRPTFRs dSiamRg that g‘ﬁeeéﬁ?‘i‘tl-?@ GFERLL S 0 H %‘[e‘%@vtl. UL SE T esul t,

the Set r ' g dnlaPBSA RS @ subset of itself, or becones the 5

enpty Set 3%2"%%&???%% 1(1/5311 ue may be type-conpatible with the Set. One

exanpl e further comprising receiving the second input value using at least one of an
initialization handler and a rulebase containing the rules, the initialization handler
operable to receive the second input value from a user or application, the rulebase

15  operable to identify a last chance value for the particular field.

14.  The method of Claim 1, wherein executing at least a portion of the
rules comprises determining whether a value assigned to a field violates a constraint;
and

20 further comprising performing a violation action defined by the field if the

value assigned to the field violates the constraint.

15. The method of Claim 14, wherein the violation action comprises at
least one of terminating the execution of the rules, assigning a substitute value to the

25  field, and requesting a replacement value using an initialization handler.

16. The method of Claim 1, wherein the rules form at least a portion of the
specified domain in a binary rulebase, the domain identifying the precondition and the
postcondition.

30
17. The method of Claim 16, wherein the rulebase comprises one or more

compiled XML documents defining the rules.



use is: @et renoveval (setl, 123) 16.7.4 set nmergeset 10 This identifier
is an intrinsic nethod that nerges a specified Set wth a base Set. If the
speci f i edwBaB/0pE6E£NPtY, this operation has no effect. ThePspasos/imd Set may
be type-conpatible with the base Set.11€©ne exanple use is: @et

mer geset (setl, sett) nmerge set2 into setl 15 16.7.5 set excludeset This

identifier is an intrinsic _ne d that, renoves .a specifie ' | ues

froma base Set8 Aslhe P’@gl?ﬂtqfléﬁgnb‘as%heéﬂp qxgﬂﬁ"qgsﬁﬁlﬁ%%éng%@,gﬁ B)Z(;%%ES a

subset OfpydsteshliscdXitnBPRATRS diRifI B bacRld-damispRekiled Set may be
e W

type- conpat | e base Set.” One exanple use is: 20 @et
excl udeset (setl, set (123, 456)) // renove values fromsetl 16.7.6 set

intersect This jdentifier is dntrd nsic J -

speci 1 od Set H-n Spieirot SFiCh ARG IRE dshBhidgh HIESHSS,
unchangedye BaeO 5@ sRotSidbseingf a idusehf stafis of2bnd @€ ahe sultheménptyyfiflds. The
specified Set may be type-conpatible with the base Set. One exanple use
is: @et dsnociatedpithdbe fule that ¢apsgthesgw)ty pend.possi bl y nodifies setl 16.7.7
set doesintersect 30 This identifier is an intrinsic nethod that tests
whet her a specified Set intersects with a base Set. If the Sets share any
val ues, the nepdiod Tké uteideoBObiial) whHdRtln axebuting £t leastvd pertiontofrtbeur ns a
Bool ean FALSE val ue. The specified Set ma be type-conmpatible with the
base Set .TUFCOENAIRGE EXERIENE St 16A8) B 0GR Bl tISCTISAPRE 58 FHferepss e et
doesilrbter gi(setl, set2) then ... end 16.7.8 set etsize This identifier
is anintrirnsic nethod that returns a Nunber value indicating 5 the nunber
of elements in a Set. If the Set is enpty, the nethod returns zero. One

i al0: Level MoPhodsBepBERPd oot 1B 1 atbsy e %6, b (e

comprises a stateless inference engine object or a stateful inference engine object.

15 22. The method of Claim 1, wherein receiving the plurality of rules
comprises:
receiving a location associated with the rules;
accessing the location; and

retrieving the rules from the accessed location.



This identifier is an intrinsic nethod that returns a Nunmber val ue
indicating the length of a String. If the String is enpty, the nethod
returns 2&@pm®3/oWes exanple use is: var cChars i s nunber =PGXUSO3IR071
getlength(stringl) 15 16.9 Rul eset-U&Vvel Methods 16.9.1 rul eset _postrul es
This identifier is an intrinsic nmethod that posts the rules for the

specified rulgset to the enda,.for .t he.current donmai. ontext. The
specified rul ezgt Wyﬁtg@efggprog@n%g]ferﬁ&g?g Eervg?sﬂgoxg?nﬁg ndi ti onal ". One
exanpl e use Isan@wrg\%ﬁ&a}ﬂe% §tl?lfee§}§ld.€bllﬁ?_’ of rulddlf@seigecifici@oBRi)0d 64

PCT/ US03/ 12071 112 Wil e the present disclosure has been described in
terms of pref epneor meripsolicasons eolleatively aperableyoiassoci at ed met hods,
alterations and permutations of th refer.r € i et hod wil |
be apparent to thoserJegﬁl |Pe%fef%dith°3‘ 3?398131% c@g]?ldtlﬁgg ;&F?&% pgﬁgegﬁ%ﬂ

descript i ppr@bnipiftihp@chsek raxeaithgabadesient s does not 5 define or
constrain the present disclosure., Oher changes, substitutions, .and

alterations are al siflepbfisp mostcondition eswepind Wi the gries-nhespasioondifieg scope
of the pr gl sC I ' .following clains. WO

05/ 0001 b BERFRILAG AR fom B ASBEDCRE SRET O 2 "9 et hod 1 o

provi di ng i nf erenci pgeiveau imges valoe oparésponding ta the pracondjtianpdndr al i ty of rul es
for a specified domain; identifyi east one t'ﬁr econdi{i n associ at ed

id ng at
with the rules, eacﬁx"j"!}terﬁt_z%aéhﬂp?ﬁt’%ﬂqf t BEEtSHy Sﬁlﬂ‘ﬁﬁﬁu‘a ggﬁllefrﬁte _
execuih Ngaf B%&Weﬁée’ il dtfv)ﬁu%oﬁ%sgloﬁ&i%g 1QOBR pReRbeAAGH.t i on associated with
the rules, ea posdtcondition représenting an output fromthe execution of
the rules; receiving an input value corresponding to the identified

preconditions; ,and _executing.at | east a.portion of the rules using the
2 oneihe Sim 086 mRar e dieh

i nput val ue to“gene e, the output value correspondi ng

to the identif ypdyRQSbaBASH filsPRSes BrmihBat 1BRithQRIn 63 Afii dulebabgrei n:  the

rules conprise first rule; and ) ) ) )
one of the first rules invokes sub-inferencing by loading a second domain from

15  a supplemental rulebase, wherein inferencing over the second domain’s rules ends

before execution of the first rules resumes.

25.  The system of Claim 23, wherein:
the rules comprise first rules; and
20 one of the first rules invokes sub-inferencing by loading a second domain from
the first rulebase, wherein inferencing over the second domain’s rules ends before

execution of the first rules resumes.

26.  The system of Claim 23, wherein:
25 the rules comprise first rules; and
the one or more processors are further collectively operable to execute a
plurality of second rules after execution of the first rules ends, wherein execution of
the second rules uses the output value from the first rules as an input value for the
second rules.
30
27.  The system of Claim 23, wherein the one or more processors are
further collectively operable to:
identify a field as a retractable field;



one of the first rules invokes sub-inferencing by |oading a second domain
from 15 a suppl enental rul ebase, wherein inferencing over the second

domai n' s wol,emdmamds before execution of the first rules PeTursey12031 The
met hod of Claim1l, wherein: the ruld$8conprise first rules; and 20 one of
the first rules invokes sub-inferencing by |oading a second dormain from
the first rul ebase, wherein inferencj ng oV rltpeld_second domain's rul es ends
before execut PEBIGMOPHEIRGARlE valyp [ the &g 1 4°%The nethod of daimi1,

wherein the r Ués%%n%%f b fdnhstbleWaRes thd rétnctapid f@d; 4@Pr i si ng executing
of a plurality of” second rules after execution of the first rules ends,

wher ei n execut retmactcthe tdtractebledindd tothe sourseigactabte WlHput val ue from the first
rules as an input value for the second rules. WO 03/090164 PCT/ US03/ 12071
114 5. The nethod of Claim1l, further conprising: identifying a field as a

retrac§ able figgd, «BSisgREMIoRCNIN- 2Bl WhelehbliR vid ve tharet fiecessdmsamtabl e
field; assigning one or nore retractable values to the retractable field;

and 5 re t collpctivady pparplledeibl e field to the non-retractabl e val ue. 6.

The net hod of C aim I LISl .r ecei ving a second i nput val ue
using a first Eegmhq]fgg{l#g%lqﬁ%nﬁ%ﬁe 23 %tgrgeld’executi on of the rul es begins;
and 10 comuni fRhiifyt filerudshptidssigabdie finsl vafpeso siechmstfieldimuni cat i on handl er

before execution of the rules ends. 7. ghe tg—?d' of daim1l, further
conpri si ng: r&?@ilf)ﬁwc?nﬁ%‘?lﬁﬁqtéﬁlﬁﬂ@g%ﬁ'IFW%O 054 field; 15
identydying a { 3CREPNES Bkl ARle Y MR ch Fibg. first field
ident%q ying a isdg%gﬁdé#}:grf&d}ﬁﬁat ca%gedatﬁe fi rest rule to fire; and
identifying a second rule that assigned a final value to the second field.
8. The net hod Claijm1l, wherejn executin t least a portion of the 20
rul es conpri segg-det ib‘ﬁisﬁ?’tﬁ‘_& Qﬁgﬂﬂ@r ﬁg’pwﬁlﬂﬁg‘, a?eaf’?e, brBEnt 8 a8ET &on tree
rule. 9. I&%cﬂ?él?%?e&ﬁle@%éké&%at‘l‘éb@f@béhi@ﬁﬁﬂth@gukbﬁyﬁem sion tree rule
conprises identifying a binary statenent that caused the decision tree rule
to pend; and determining whether to fire, fail, or pend a decision tree rule, wherein pending

15 the decision tree rule comprises identifying a binary statement that caused the

decision tree rule to pend; and
unpending the decision tree rule and restarting execution at the binary

statement that caused the decision tree rule to pend.

20 30.  The system of Claim 23, wherein:
the one or more processors are collectively operable to execute at least a
portion of the rules by determining that the execution cannot be completed without a
second input value for a particular field; and
the one or more processors are further collectively operable to receive the
25  second input value using at least one of an initialization handler and a rulebase
containing the rules, the initialization handler operable to receive the second input
value from a user or application, the rulebase operable to identify a last chance value

for the particular field.



25 further conprising unpending the decision tree rule and restarting
execution at the binary statenent that caused the decision tree rule to
pend. 10.woOheg/omabhod of Cl aim 1, wherein executing at | ea®CTAPYLI7TDON Of
the rules conprises enforcing nonotdm®c reasoning as the rules are
executed. WO 03/090164 PCT/US03/12071 115 11. The method of Caiml
wherein the rul af f.ec ] -val,ue jeld, wherein nultiple values may
be assigned to ?ﬁe f|ﬁ%%§%%{h€§bFPe deT%m“The met hod of Claim1l1, further
conprising: 5 stherdnegomoRagrauebisrd BREolltktively Wpehdie t« eRé@Itd andeathe rul es
in a nenory; and storin% the input and output values in a client-specific
i nf or mat i oPPTHPBEK the) rglae by Hstesmyning Jvhethes arialpe @svgned @i miield widates A
executing af,d.east a portion of the 10 rules conprises determnining that

t he execution cannot be conpleted without a second input value for a
particdl ar fi el aredodf urord @rocessvps iasd figthee wollvdtivglyt bperakle otodpérfypnit aval ue

using at | east, one, of a inpitjalization handl er and ryl ebase contai ni ng
the rul es, ViR fetismrbaed Bk thefafcbtt tﬁwé ASBIERE (i eloh Hels g i nput
val ue fromasisgr or application, the rulebase 15 operable to identify a

| ast chance value for the particular field. 14. The method of Cdaiml1,
wherein executing at |east a portion of the rules conprises determning
whet her a val ue,assighed to a {ti l.d yi,olates a constraint: and_.2Q further
compri sing per 15 m i SVRERatt SREL 2Pofiugns REAPB) PRESFIOR @ AERE  val ue
assi gneyd t @lleB@vely RberaiecotAkBigerhtten @ﬂesgnaﬁdhat,-théiuleTB@anaﬁ&hfa_@n@ffyj@ gi m 14,
wherein the violation action conprises at  |east one of term nating the
execut i on @frenhgiatugoéene aEdicgniengndaryibelds asspeiatediwith the ruleghataguse e d, and
requesti ng]a?etroreﬁ%&@cerrent val ue using an initialization handler. 16. The

met hod of al ., wherein the rules format |east a portion of the
specified domain in a binary rul ebase, the domain identifying the
precondition and the postcondition. 30 17. The method of C aim 16, wherein
t he rul ebase conprises one or nore conpiled XM. docunents defining the
rules. WO 03/090164 PCT/ US03/ 12071



116 18. The nethod of Claim 1, wherein executing at |east a portion of the
rules conprises either forward-chaining or backward-chaining the rules. 19.
The net hoooB/o@iad m 1, further conprising generating a rulP€Tdarsapsioot, 5
the rul e snapshot identifying a currda status of one of the rules and any
fields associated with the rule that cause the rule to pend. 20. The
method of O ai m3s, Wiesgt enbeRtd bRGatfeadi®Bi Briblid! Bl (RGHPHULES
conprises executing at least a portion of the rufes using an'inference

engi ne 10 apBjablerwhemexetuted it hod of Cl ai m 20, wherein the inference engine
object conpris .St atel ess .i nferen engi ne. ohj.ect_or. a_stateful

i nference engi ngﬁ%@ﬁficat i)refgmgré?n ‘Fﬁsé’c’r‘?ﬁeﬁh‘gﬁﬁoaf pb]rglﬁ‘% of TWipR 8  spesalisd/i ng

the pl ural idoyhai, thehreSondeineh=8&iting 88 Bipth ﬁ_ﬂadf%n|e525&ﬁihg@h@1f§ﬁé§0i ated with the
rules; _accessi rjg the location; and retrieving the rufes fromthe accessed

| ocati oA. WO 03/¢@tifs42 povstespiitian ompsociatady wih thes yretasm thor ppstootiditiong
i nferenci ”ersrgsreﬁ{iﬁ?ﬁ%og@{lpfr&%itﬂ éxe% tﬂ%”«%ftxﬁﬁ.ﬁer able to store a plurality of
e r

rul es for a“specl mal n; an %S’processors col l ectively
operabl e to: i deedeieyananpiiteabietioiiciondmhgas tatRecodditiont ey rul es, the
precondition 5 representing an, input used in executing the rules; identify
a post condi tion®% ?‘ére@?f uiPPHiaNNe thg rales usiig thesinpwinvilue ¢m genespteement i ng
an out put f j - grecelve . an i nput val ue
correspondioggﬂ}gatﬁeﬁgﬁﬁmgﬁ%ﬁ%con; %%glngjgé%éo%gcto‘ﬁggg& a portion of the
rules using the input value to generate 10 an output val ue, the output

val ue corresponding to the postcondition. 24. The system of C aim 23,
wherein: the rules conprise first rules formng at |least a portion of a
first rul ebase; one of the first rules invokes sub-inferencing by |oading a
second domain from 15 a suppl enmental rul ebase, wherein inferencing over
the second domain's rules ends before execution of the first rules
resunes. 25. The system of C aim 23, wherein:



the rules conprise first rules; and 20 one of the first rules invokes
sub-inferencing by | oading a second domain from the first rul ebase,
wher ei n iwDasemabng over the second domain's rul es ends beCorEsos/eoecuti on
of the first rules resunes. 26. The d99stem of C aim 23, wherein: 25 the
rules conprise first rules; and the one or nore processors are further
col l ectively opgjabl I second .rules after
execution of th%{fl rgts&&eﬁ%?g}oglﬁ%\ﬁge?ée&n %%(’eggé %mBIgSI ghe second rul es

uses the out putmealsufer identifytihg a fprecohditioh assoaiatednwithn pulurdBiyuss s fohe
second rul es. 8 27. . The systemof Caim 23, wherein the one or nore
pr ocessor sSPeFidied dgmeaife f edBP‘FQ?étt}OPéFRFeQ?BEF&BIP mpupusedde grequiing theteles; as a

retractabl e fiel,dans\Wh033096k B 7 8425549
non-retractabl e v%lrllsue to ?ﬁe%étrgy E@%{%&e} ?oc;%ts?gﬁé%lnghégrmlr%’r fhe
r et r actiabl posteahdgiontrepredeating bm ampaitﬂr@nftheeé}m;:uwmnbf thetulesst the retractabl e

field to the non-retyractable valu 28. The.s m of Clalm23 wher ei n
t he one or rmremﬁ%c{g"s’ée(‘if'lé’m&raé‘ 10 ?ﬁ'@ﬁogﬁqﬂogélﬂ’é\’%ﬁ? BEdhon: @ recei ve

information i deﬂ%ﬁﬁszo?Q:x@cJtingsit 1€ds@ ng)ort'l&iﬁ‘ef ieyrded hdigd tﬁéjin ut Dahe 35S gned
a final value to the first fiel ntify a second f hat caused the

first rul egengretd areoutpwicvahe, ﬂ@emltput yalae serwespdnding o thhalosta@thmd a final
value to the second field. 29. The systemof C aim 23, wherein the one or
nore processors are collectively operable to execute at |east a portion of
the rules by: determ ning whether to fire, fail, or pend a decision tree
rule, wherein pending 15 the decision tree rule conprises identifying a

bi nary statenent that caused the decision tree rule to pend; and unpendi ng
the decision tree rule and restarting execution at the binary statenent

t hat caused the decision tree rule to pend. 20 30. The system of O aim 23,
wherein: the one or nore processors are collectively operable to execute at
| east a




portion of the rules by determining that the execution cannot be conpl eted
w thout a second input value for a particular field; and the one or nore
processorwOoas®Ifias t her coll ectively operable to receive tReT/AB3/$Cc0Nd
input value using at least one of anikhitialization handler and a rul ebase
containing the rules, the initialization handl er operable to receive the

second input vakue f dYi Qi bk GRL Lhe e operable to
identify a | ast chanéﬂi\%}a}@ue&%{‘%r %I%Femga%t%?{cg&?grl ({gi %cfr@r%%/ 090164

PCT/ US03/ 12071 camgndicatiipe plysali@g}oﬁfruﬁ a‘brst‘@,ecisﬂeélr(Enmuin tthanomfgremcen?r teh
processors _ar.e |l ectivel., erable to.execute at |east portion o e
rul es by dg?%P?‘ngtﬁ? em?ﬂéf‘gg’ l\ilaﬂ Rrecopelition gt 3 B°§°9m£}%= a}edirﬁocoi’éltgf
constrai nt jepaétenting A8 BREL Wed By CHR! RESERY endhé ifiUELLRlin ¢Gles,V feY
operable to per?grgm a Hi\?i ol ati og action defi nggd bly tﬁeﬁlgce?% ?? t’he val ue
assi gnedl t Bosteanditian rgpreseitinges outpst fromrthe emcntl?n BﬁtheTTnles;syst e[)nI of d aim 23,
the one or nore _processors are further 10 col.l ectiye oper.abl e t
generate a rul eC%[HéLF')HS“r%n}gt%emrpHPeva afThGPOR E%tfiof é}enéreggn HPR At a?t at us
of one of idferentd @ginenany fiel ds associated with the rule that cause the
rule to pend. WO 03/090164 PCT/US03/12071 120 33. Logi c enbodi ed on at

| east one conpufFLVingaddbPEPHe drlig ﬁﬁ@l .thﬁ)én%@mnélemmf %x@@u@@g}ltf _(S’?agledentl fy
a precondi td i it Iy lurality of rules for a specifie

domai n, th%&%@g@%ﬁ%%@%ﬁ%&é{%@&@n,i ng an input used in executing the rules;
5 ident@fy a postcondition associated with the rules, the postcondition

representing an_,outp fromthe execution of the rules; receive an input
val ue corresponag'ng ![f efl}?g’%{r[’ggﬁm 33, gyherein gompumigating the plgesiityaofygiesi on of

Val v cor r Saponrionos (e SRR RIS A e DB MR B A 120

34. A syst alachien pf owilehasgtol thé mferanéenapgier vi ces, conpri si ng:

15 37. The method of Claim 36, wherein the location of the rulebase

comprises a Uniform Resource Locator (URL).

38. The method of Claim 35, wherein:
the output value comprises one of a plurality of output values;
20 the inference engine comprises a stateless inference engine; and
further comprising communicating a control object to the inference engine, the
control object identifying whether the inference engine generates at least one of a
plurality of output messages each identifying one of the output values, an output
document identifying all of the output values, and a rule snapshot, the rule snapshot
25  identifying a current status of one of the rules and any fields associated with the rule

that cause the rule to pend.



means for identifying a precondition associated wth a plurality of rules
for a specified domain, the precondition representing an input used in
execut i ngwoha/opubes; nmeans for identifying a postconditi @ecTassdpeioat ed with
the rules, the 5 postcondition repred@hting an output fromthe execution of
the rules; means for receiving an input value corresponding to the

precondi ti on; d ans fo ecut.l.n {. | east a portion of the rules
usi ng the inpu?BVal et%etﬂcb(g?f‘ee¢1§%r3§h‘g%%?180t val ue, the output val ue
correspondi ng tke situP@sicRtbriséihe oNR (G800 AFRETAMEH3/ 12071 122 35. A

met hod for providing inferencing services, conprising: comunicating a
plurality of rdheinfererceenginespmpagestonaPiul infergacs sie@iceded  engi ne, t he

rul es associ at i t congdi:t : i {ol I dition
representing aﬁﬂ?%%dgnggggﬁﬁgoﬁﬁéé?ﬁ%%@gﬁ%gﬂgﬁg?ﬁ%g#ﬁﬁﬁﬁg%%ﬁﬁﬁgﬂ%ﬁgnruIes,
the 55podtont funoon @eidetotdt hgistonecftiferitify bneof the oetpat udluem idehtifyhe

rul es; communj cating an i nput valgﬁ corresp ndigghto the precopditipn to
the i nfertmidherpiprvalugsqesnetels 31 Hg S%"rPSB‘Eftlgiﬁtlf B 3FIeBh R Of Af%Pence
engi ne, t : i 15ORM td The
met hod of g#%f%k{%angg?%£g%%§§§ﬁ§gpgﬁgﬁi%%€%?ﬁ§glity g#ﬂ$§T§SM§§B t he

i nf er ence tngile ¢hat oagulveslesn ecafiine routait ivalyest askiga st repractable lus toaz fiekdul ebase

and a locatjon of rul ebase to the inference epgine. .15 37. The t hod of
3 ai m 36, Uik pE e his® e ROGreRIb FAEAce = RORRPA Y BE it
Resoufrge If%ga,aﬁlglglf)i.ﬁeﬁﬁusealgstﬁesﬁllfggd of Claim 35, wherein: the output

i ity of output values; 20 the inference

val ue conpri ses one of a plura
engi ne conprises a stateless inference engine; and further conprising
comuni cating a control object to the inference engine, the control object
identifying whether the inference engine generates at |east one of a
plurality of output nessages each identifying one of the output values, an
out put docunent identifying all of the output values, and a rul e snapshot,
the rul e snapshot 25 identifying a current status of one of the rules and
any fields associated with the rule that cause the rule to Pend. WO

03/090164 PCT/ US03/ 12071




123 39. The nethod of C aim 35, wherein: the output val ue conprises one of
a plurality of output values; the inference engine conprises a stateful

i nf er encewergiopap4 and further conprising invoking at | eastPCirarsos/imnt i n t he
i nference engine, the at 5 |east ond2fdunction operable to at |east one of
identify one of the output values, identify all of the output val ues,
generate a rul e smapsAGheth&Eefdr bkt ; .one of the rules
and any fields assocjiated wt hb%dr/]ﬂ‘édl?%%ﬂéﬁ%ﬁﬁ%aﬁ%&&t&%@%ﬁﬁ "to pend,
identify the rufegciviigta ploradity ebifishuiles for haspenifiglidomainwempraigi 4 headt a
retractabl L€l used by the rules, assign a non-retractable
val ue to aeqo:fg{nggﬂégg?ggéqaﬁg rules, and 10 retract a value of a field used
by the rul es. WQoAdih@aRité MG MEA30IAGHL 124 40. A nethod for providing
i nfer en%i ng services, conprising: receiving a plurality of first rules for
a speci Pi ed doneiCFEI¥BEdSERR egcniel Tuishase compyising aovecofid mild;i r st rul ebase;

| oading the fir . i : recei vi a suppl epent al rul ebase
conprising a secsz%)r?{ﬁlg g?e%g%@bﬁ%nﬁgypﬁgﬁrgt:%geﬁ&nﬂ%lnéer&?’fha? e first rules
in the nenory; andewineculéasga portonasithafif@bhd eboad rilBetd p&rtat@Rs oiaeNd
rules to generate an output value. 10 41. The nethod of C ai m 40, "further
conpri si ng:VaLlfcei ving a second suppl enental rul ebase conprising a third
rule; conbining the third rule with the first rules in the nenory; and
executing at |east a portion of the first and third rules to generate a
second 10out put v”ell-ue.TImBnetEodeﬁlaimﬂﬂpﬂirthér@nqirmr(gO, wherein the second

rul e operates or}l %a.on dat adoﬁ;sﬁcts efined by the first rul ebase. 43. The
met hod of O ai m' T ViRAPEIOHS SRR PPl piipbatsLommrigme:s thirdsulghet her 20 t he

second rule_can dambilaREneNER hEwhBIRASE HIG i AN bbby, whih the first
|

rules. 44. The nethod of C aim40, wherein the rst rdlebase and the
suppl enent al r ul¥paERBE AbAgast 8 woblioraes theufitsb ask thirdMDIB30090ikEe a second

PCT/ US03/ 120# Lt valye.
15

42.  The method of Claim 40, wherein the second rule operates only on
data objects defined by the first rulebase.

43, The method of Claim 40, wherein the first rulebase identifies whether

20  the second rule can be used when the second rule conflicts with the first rules.

44, The method of Claim 40, wherein the first rulebase and the

supplemental rulebase comprise binary rulebases.



125 45. A system for providing inferencing services, conprising: a nenory
operable to store a plurality of first rules for a specified domain, the

pl ural i t ywofo3foparist rul es conprising at | east a portion of paTfisez120rul ebase;
and one or nore processors collectivdky operable to: 5 receive a

suppl ement al rul ebase conprising a second rule; conbine the second rule

with the first npules east a portion of the

first and seconéyrul ‘eb‘s {gﬁlg@gggg{%h%ﬁﬁgrgﬂ?ﬁ%fevﬁ%e:omfﬁmﬂg The system of

Cl ai m 45, wher ehmdniey 9peabld t6 loge 8 prirditgf Gtk yuledfodatspecifbl @6haingaki ned by
47. The system of C aim45, wherein the first rul ebase

the first ebas
i dentifi espt)jd’i@%tﬁég first esseopn ing at deashmportion e £ fiyf sWebase; acond r ul e
cont |1 615 W 1 Lo hbalorbilhis odfiefle Tgeaushem of Cai m 45, wherein the

first rul ebase and t supp enent a ase conprise binary rul ebases. WO
03/ 0901%4 PCT/ US03/ 1&e7ite alsﬁﬁpléﬁenthbxgﬂabammmbrsdlgcmseabnd fRAgt one conputer
r eadabl e nedi um and ‘3&? | e \m%ﬂm xecut ed.to: receive a pI urality of

first rules for a sp& qwghmqﬁraqm}e§ 1pthepemmery; ppd es
conprising at |east é{é%ﬁfetdtqgas9%éﬁrtflérf &t heLﬁl’é‘tbﬁﬁiesecémll Odds ttchger{e'r:ltétanr ul es

into a nenory; receive a supple ru ebase conprising a Second rule
conmbi ne t heutpulchet.rule with the first rules in the nenory; and execute at
| east a portion of the first and second rules to generate an output val ue.
WO 03/ 090164 PCT/ US03/ 12071 127 50. A method for providing inferencing

servi CHs, Cconpri6i NgThe SREM!IBF CRIrh S, ¥hodel Bk kEdbon frulki dpstatdsin ?foﬁ @4tad
specified domain, the plurality of first rules conpriSing at 1east a

portion of OBjegtp ﬁ%ﬁnefith}'éb%@@tﬂddmﬁel nf erence engi ne; comunicating a
suppl ement al rul ebase conprising a second rule to the 5 inference engine;

47.  The system of Claim 45, wherein the first rulebase identifies whether
the second rule can be used when the second rule conflicts with the first rules.
15
48.  The system of Claim 45, wherein the first rulebase and the

supplemental rulebase comprise binary rulebases.



allowing the inference engine to conbine the second rule with the first
rules in the nenory; and receiving fromthe inference engi ne an out put

val ue, thwoioafoerience engi ne operable to execute at | east paTfm0s/1wM of t he
first and second rules to generate tHa 10 out put value. 51. The nethod of
Cl ai m 50, wherein comunicating the plurality of first rules to the

i nf erence engi nggCoNR{ry nj i a e hi nar rul ebase
cont ai ni ng the %%s'?ﬁ'rdg?éea?n%%ggg F{f)gggt {ggsr% {))l%é gsﬁj&ﬂl%garsegé%’i%trﬁefcﬁwﬁgaq e
first rul expedbletwheanrexecutédtoence engi ne. WO 03/ 090164 PCT/ US03/ 12071 128
52. A nethod for providjng.inferencing, services, conprising: executing at

| east a portion BFEE ?)Phjrrgllltlyt(&f fiﬁst Mhpsetor @oﬁpe‘é}%%é}@maiﬂbdh@@ plity oftfirst east
one of therﬂH&&ﬁnﬁﬂﬁﬂi&ﬁkﬂ@agﬂnﬁﬁﬂﬁ%?EEQHkbﬁEnding one of the rules when a
field needed to resolve the expression in the 5 rule has an unknown val ue;
identifying a bilemrthe ftdreaeinto agwowirgt ed with the expression that caused
the decision tgeeirule tfaﬁsﬁﬁ'l ssianiqg{a known v%jue to the field that
caused the rul e T FetPPHITH Hf%ﬁw? QMPLIFIAE 2 $¢6nd Hulpest ar ti ng executi on
of the rule at th@birdend idcbedrdlb RahhSHiat AN thORembhE gt hod of C ai m 52,
wherein at |east one of the rules conprises a decision tree rule, the
expressi on in tKEeyEchtsicant a pation of shalfitst dindhgeqond rdlssitgigenerteem outplite i nt o
at least t gubtrees. WO 03/090164 PCT/US03/12071 129 54. A system for
provi ding inféerencing services, conprising: a nenory operable to store a
plurality of rules for a specified domain, at |east one of the rules
conpri sing an expression; and one or nore processors collectively operable
to: 5 execute at least a portion of the rules; pend one of the rules when
a field needed to resolve the expression in the rule has an unknown val ue;
identify a binary statenent associated with the expression that caused



the decision tree rule to pend; 10 assign a known value to the field that
caused the rule to pend; unpend the rule; and restart execution of the
rule at tweomdenbd fied binary statenent. 55. The syst em ofPCTIEs0snZH41
wherein at | east one of the rules coMprises a 15 decision tree rule, the
expression in the decision tree rule dividing the decision tree rule into

at least two sg&t rﬁ%fwet\l%)d?gij g@ﬁéﬁ%@%&@%%m&%%@gi . Logi ¢ enbodi ed

on at | east on co er rea oper a én exe(_:ut ed to:
execute at | eagdmmupiRatin®n phirality pf fitsakiles/fook spedified famaia, hpebiralitydfdomai n,

at least one of the_ rules conprLsin? %g;e pﬁes ionif5 Bend one of the
rul es whefirshrylessgomprisingey least p gagirp et e té?()(]ﬁ BELY BH PPN has an

unknown val ue; .| mﬂctd'éfn%‘ abis@éfmﬁﬁ;ﬁt RiEnAke 3saRakRkLes Wby Hie wxmeessi on
tr ru

t hat caused the “decisio e to pend; assign a known value to the
field §hatnfeenseshgidtee rule to pend; 10 unpend the rule; and restart

execution of t 21 ovrlil#llg(?chéi fnférgr?cel e%g{]r}eltg I(:Oerglbil%lle b %cgrtlc? fif R Rith the first rules in
the memory; and
receiving from the inference engine an output value, the inference engine

operable to execute at least a portion of the first and second rules to generate the

10 output value.

51.  The method of Claim 50, wherein communicating the plurality of first
rules to the inference engine comprises communicating at least one of a binary
rulebase containing the first rules and a location of a rulebase containing the first rules

15  to the inference engine.



WO 03/090164 PCT/US03/12071
128

52. A method for providing inferencing services, comprising:

executing at least a portion of a plurality of rules for a specified domain, at

least one of the rules comprising an expression;

pending one of the rules when a field needed to resolve the expression in the

5 rule has an unknown value;
identifying a binary statement associated with the expression that caused the

decision tree rule to pend;
assigning a known value to the field that caused the rule to pend;

unpending the rule; and

10 restarting execution of the rule at the identified binary statement.

53.  The method of Claim 52, wherein at least one of the rules comprises a

decision tree rule, the expression in the decision tree rule dividing the decision tree

rule into at least two subtrees.



WO 03/090164 PCT/US03/12071
129

54, A system for providing inferencing services, comprising:
a memory operable to store a plurality of rules for a specified domain, at least
one of the rules comprising an expression; and
one or more processors collectively operable to:
5 execute at least a portion of the rules;
pend one of the rules when a field needed to resolve the expression in
the rule has an unknown value;
identify a binary statement associated with the expression that caused
the decision tree rule to pend;
10 assign a known value to the field that caused the rule to pend,
unpend the rule; and

restart execution of the rule at the identified binary statement.

55. The system of Claim 54, wherein at least one of the rules comprises a
15  decision tree rule, the expression in the decision tree rule dividing the decision tree

rule into at least two subtrees.



10

WO 03/090164 PCT/US03/12071
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56. Logic embodied on at least one computer readable medium and
operable when executed to:

execute at least a portion of a plurality of rules for a specified domain, at least
one of the rules comprising an expression;

pend one of the rules when a field needed to resolve the expression in the rule
has an unknown value;

identify a binary statement associated with the expression that caused the
decision tree rule to pend;

assign a known value to the field that caused the rule to pend;

unpend the rule; and

restart execution of the rule at the identified binary statement.



