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Abstr act

We addresswhy, and especially how, to represent
businessrulesin e-conmere cortracts. By con
trads, we meandescriptions of goods ard sewvices
offered or sought, including ancillary ageenents
detailing termsof a ded. We obsewe that rules
areuseful in contractsto represert conditional rela-
tionships, e.g., in termsé& condtions, service provi-
siors, andsurrounding business procesgs,andwe
illustratethis point with severalexamples.

We aralyze requiremerts (desideata) for repre-
sentig sud rules in contracts. The require-
ments include: declagative semanticsso asto en
able shaedunderstanéhg and interoperability; pri-
oritized conflict handing so as to enade modu-
lar updatingrevision; easeof parsing integration
into WWW-world sotwareengneeing; direct ex-
ecuability; andcomputatioral tractability.

We give a represetatioral approach that consids
of two novel asgects First, we give a new fur-
damertal knowledge represertation formalism: a
gereralized version of Courteaus Logic Programs
(CLP), which expressvely extends declaative or-
dinary logic programs (OLP) to include prioritized
conflict hardling, thusenaling modularity in spee-
ifying and revising rule-sets. Our approach to im-
plemerting CLPis acouteous compler thattrars-
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formsary CLPinto asenantically ecquivalert OLP
with moderae, tractableconmputationd overhead

Secmd, we give a new XML ercodng of CLP,
calledBusinesRulesMarkup Language (BRML),
suitale for intercharge betwesn hetepgeneas
commercial rule languages. BRML can also ex-
pressa broad sulset of ANSI-draft Knowledge In-
tercharge Format (KIF) which overdapswith CLP.

Our new appoach, unlike previous approactes,
provides not only declaative semartics but also
prioritized conflict hardling, easeof parsing ard
integration into WWW-world sdtware engneer
ing. We amgue that this new approach meetsthe
overall requrements to a greaterextent than ary
of thepreviousapproades,including thanKIF, the
leadng previousdeclaratve appoach.

We have implemerted both aspects of our ap
proad; a free alpha prototype called Common
Rueswasreleasedn the Webin July of 1999, at
htt p://al  phaworks.i bm.com.

An extenced versian of this paper will be avail-
able as a forthcaming IBM ResearchReport (at
htt p://ww w.res earch .ibm.c om).

1 Introduction

Onre form of commercethat could berefit substantiallyfrom
auomaion is contracting, whereagentsform binding, agree-
able tems, and then execue theseterms. By “agents”, we
meaninitially partiesin the Economics serse, eg., asbuyers
or selless; however, once autanated theseagentsmight be
intelligentagerts in the Computer Scierce serse.



By e-canmerce“contracts’, we meanin abroadsensede-
scriptionsof goodsand senicesofferedor sought, along with
applicable terms & conditions, i.e., arcillary ageemerts de-
tailing termsof aded. Suchterms include custoner senice
ageements,delivery schediles,condtions for retums, usage
restridions, and other issuesrelevart to the good or senice
provided.

Suchdescripiions are to be found in catalog and store-
fronts, aswell asin bidsandrequestscommunicated(eg., by
agents)during negctiations, procurements,and audions.

The overdl contracting processconprises several stages,
including broady:

1. Discovery. Agerts find potential contractingpartners.

2. Negotiation: Cortract termsare deternined through a
process of communication beweenagents,often involv-
ing iteraive madification of the contract terns.

3. Execution Tramsadions and other cortract provisions
areexecutedby theagerts.

We observe that many contract terms involve corditional
reldionsltips, ard cancornvenently be expres®d asrules, of-
ten called businessrules or businesspolicies. (Somnetimes,
“businessrule” is used to meanary kind of sigrificant ap-
plication logic, e.g, the algebraic formula for computing an
insurarce anruity. By “rule” in this paper we meanmore
specificdly animplication (i.e., IF-THEN) in which the an
teceent (i.e., the IF part) may cortain multiple conjoined
(i.e.,AND’ed) conditions.)

For exanple, rules are usefu in describng:

e terms & condtions, e.g, rulesfor price discourting;
e senice provisions, e.g, rulesfor refunds;and

e surounding business processes.e.g, rulesfor leadtime
to placeanorder.

(Sectio 2 elalorateson these exanples.) We believe that
rules as an overall represematioral apgoach capture well
many aspect®f whatonewould liketo describe in autanated
contrects.

In this work we arecorcerred primarily with the negatia-
tion stage of contracting and specifically with how to repre-
sentbusinessulesin cortracts.

The contract terms may or may not be modified during the
negatiation stage.If nat, the negotiation stagemay be a rel-
atively simpe process of communicationfollowedby accep
tance. Crucial during negatiation, however, is tha all agents
must understand and agree. In terms of auomaion, the con
trad hasto be communicated and digestedby each agen,
with shaed semantics. (More geneally, same agentsmight
be human, aswell asauomatic; however, the aspectof hu-
man interactia are beyond the scqe of this pager.)

Our god is ashaedlanguagewith which agentscan rea
a common understandng of rulesin contracts,such thatthe
rules are relatively easily modifiable, communicatable ard
execuableby theagants.

Note that we make a shap distinction between the repre-
sentatimal mecharism for communicatingcortractrules,and
the actua rule execution mechanismsenmployed by pattici-
paing agents. Our corcem hereis with theformer, though of
coursein desigring a communication medarism one must
considerand anticipate the recuiremerts of execion to be
performedby eachof theagerts.

We will take a declarative approad to businessrulesin
contrects By “dedarative” sematics for rules, we mean
in the senseof knowledge represenation (KR) theay, in a
manner akstractedaway from the choice of implementation
approach the senmanticssaywhich conclusions are entaled
(eg., model-theoretically) by a given setof premises with-
out deperderceon procedurd or cortrol aspectsof infererce
algorithms. In patticular, declarative semanticsalstractaway
from whether the direction of rule infererting is backward
versusforward.

2 Example Rolesfor Rulesand Prioritized
Conflict Handling

Next, we give afew brief exampes, expressedin natural lan-

guage, of businesgulesin contrads. As we go, we will see
bath the needfor prioritized conflict hardling — becase of

conflict, and the opportunity for prioritized conflict hardling

— because of natually availalde prioritization information

Example 1 (Refund Policy)
A typical example of a sellers refund pdlicy is:

e (Rule A:) “If buyer returrs the purchasedgood for ary
reason, within 30 days, thenthe purchaseamaunt, minus
a 10% restoclng fee,will berefunded”

¢ (RuleB:) “If buyerretumsthe purchasedyood becauset
is defective, within 1 year thenthe full purchaseamount
will be refunded”

e (Priority Rule:) “If both Rules A and B apply, then
RuleB ‘wins, i.e., the full purchaseamaunt will bere-
funded”.

Here, we sayarule “applies” whenthatrule’s body (i.e., an
tececeknt)is satisfied The Priority Ruleis necessanpeause
it canhappenthatthebuyerretumsthegood beauseit is de-
fective within 30 days. In this case,Rules A and B corflict
with each other, both rules apply but their conseqguerts are
incompatiblewith each other. The conflict is resolvedby pri-
ority: RuleB is speified to have higher priority thanRule A.

Example 2 (Lead Time)

In business-to-business commerce, eg., in manuactuing
sumply chains,selles often specify how much leadtime, i.e.,
minimum advancencatice befare schedlled delivery date, is
required in order to place or madify a purchaseorder. An
examge of a patts supplier vendor’s leadtime policy is:

e (RuleA:) “14 daysleadtime if the buyer is a preferred
customer”



¢ (Rule B:) “30 days lead time if the ordered item is a
minor paitt.”

e (RuleC:) “2 daysleadtimeif: the ordereditem’s item-
typeis backoggedatthe verdor, ard theorderis amod-
ificationto redwcethe quantity of theitem, andthe buyer
is apreferred custome.”

e (Priority Rule:) “If RulesA ard C both apply, thenRule
C'wins, i.e, 2 daysleadtime’

The ratiorale for Rule C is that the vendbr is having trouble
filling its overall ordeis (fromall its buyers)for the item, ard
thusis pleasedo have this buyer relieve the pressure.

RulesA, B, and C mayconflict: two or threeof themmight
apply to a given purchaseorder. The Priority Rule provides
partial prioritization information — its rationalemight be that
Rule C is more speific, or more recent, thanRule A. How-
ever, theabhoverule-setleavesunspecifiechow to resohe con
flict betweenRulesA andB, for examge; no relative priority
betweenthem is specifiedas yet. This reflectsacomman sit-
uaion when rulesaccunulate over time, or are speified by
multiple authars: at arny givenmomert during the process of
incremental specification there may be insufficient justified
priority to resdve all potential corflicts.

Example 3 (Bookstor e Personalized Discounting)
Sellersoften provide persondized price discounting. A topic
of corsiderable interesttoday among e-commeree sellers is
how to do this more cheaply and uniformly by autamating it.
An exanple of abookstore’s persondizeddiscainting policy
is:

e (Rule A:) “5 percen discount if buyer hasa history of
loyal spemling at the store”

¢ (RuleB:) “10 percent discount if buyer hasa history of
big spering atthestore”

¢ (RuleC:) “5 percentdiscownt if buyer has a storechage
cad”

e (RuleD:) “10 percert discaunt if buyer is a menber of
the store’s Platinum Club.”

¢ (RuleE:) “No discaunt if buyer hasa latepaymert his-
tory during thelag year”

e (Priority Rules:) “B is higher priority than all the oth-
ers; D is higher priority than A andthan C; E is higher
priority than A andthan C ard thanD.”

Here, thePriority Rulesspecify a setof priority comparisas,
that aresuficient to resole all the patential conflicts among
therules,

Mor e Example Rolesfor Rules

We believe that mary cortractterms can be well representd
asrules.

e Policiesabout cancelling orders areoften similarin feel
to the exanplesabove abaut refunds andleadtime.

e Policies about discounting for groups or preferred
customer organizdions, e.g, hotd discownts for AAA
memba's, are often similar in feelto the examge above
alout persondizeddiscounting.

e In supply chain settings: requestsfor proposals ard re-
spading bids, often involve conditional relationships
between price, quantity, and delivery date, eg., “If
the order quantity is betwea 400 and 1000 units, and
the delivery dateis betweenl15 and 30 days from the
orderdate,thenthe price is $48 per unit.”.

¢ In product catalogs, many properties of a product are
most naturally spesified asconditional on other proper-
tiesof that product, rather thanbeing patticular to anin-
dividual product. E.g., “all laptgp computersinclude an
intemal modem”. E.g, “all women’s T-shitts are avail-
abe in sizes XS, S, M, ard L", “all meris T-shirtsare
availade in sizesS, M, L, XL, and XXL", ard “all T-
shirts are available in cdors navy, khak, and black’.
E.g, “all V-necksweates areavailadein fabics aciylic
and cashmere”.

¢ Policiesabout creditworthiness, trustworthiness,and
authorization are often naturally expressedn termsof
sufficient and/or necessuy conditions. Suchconditions
include credertials, e.g, credt ratings or professioral
cettifications; third-party recanmendatiors; properties
of atransactionn question, e.g., its sizeor mode of pay-
ment; andhistorical experiercebetwee the agerts, e.g,
famili arity or satisfaction.

3 RuleRepresentations:Previous Approaches
including KI F, Requiremerts Analysis

In sectionl, we statedthatin this work our goal is a shared
language with which agents can reacha common under-
standing of rulesin cortracts, such that the rules are rela-
tively easily modifiable, communicatable, and executble
by the agents.

In this sedion, we analyze and elalorae these recuire-
ments (i.e., criteria or desideata, which we bod-face
throughout this sedion) for arule represemation and discuss
cardidate previous approacesin light of them, as motiva-
tion for our apgroach. We begin by reviewing previous ap-
proades.

There are multiple approaches alrealy in wide imple-
mented conmerdal usefor represerting business rules gen
erdly (not for contrads in particdar). Oneapproachis di-
redly asif-then code constructsin gererd-purposeimper-
ative progranming languages such as C, C++, and Java'.
Othe approactes are more specific to rules. A seoond ap
proad is Prolog [3], a programning language orientedto-
wards backward-chaning rules. A third approach closelyre-
latedto Prdog, is QL views In SQL-typerelatioral datdbase

Ytrademarkof SunMicrosystemdnc.



systemd22] aview is defined, in effect, by a setof rules. A
fourth approach fairly closelyrelated to SQL views, is evert-
condition-action rules/ “active rules”/ “triggers” [22] of the

kind found in mary databasesystemsand routing systems.

Theseare forward-directed triggeredby everts such asup-
daing a daabaserelation A fifth agproachis production
rules aform of forward-chaining rules, of the kind in sys-
temsdescended from the OPS system [4]. Thereare other
approactesaswell, e.g, in expert systens, knowledge-based
systemsard intelligent agert building todls, but the above-
listed are probally the currertly mast commercially impor-
tart, especaly in e-canmerce

A sixthappoach for representig businessrulesis Knowl-
edge Interchange Format (KIF)?. KIF is not a directly ex-
ecuable representtion. Rather KIF is a languagefor in-
tercharge of knowledge, including rules, betweenheteoge-
neous sdtwaresystens, e.g, agers. More precisely KIF is
a prefix® version of first-order predicate calcuus (i.e., first-
order classicallogic) with extensiors to support the “quote”
opergor (thusemaling additional expressvenessakin to that
of classcal higher-order logic) ard defintions. KIF is cur-

rertly well along in the ANSI stardards committee process.

Supporting or enddrsing KIF is alsobeing corsidered infor-
madly in severalotherstardardsefforts relevantto agert com-
municaion, eg., FIPA*. KIF, however, is not yetin wide im-
plemerted commercid use.

Next, we elabaateon requirements and relatethem to the
previous approactes. One group of requiremerts revolves
araund heterogereity. Specifically the multiplicity of widely
implemerted approaches implies an immedate requrement
to cope with heterogeneity of implementations of busi-
ness rules. The ability to communicatewith shaed unde-
standng then implies the requrementsof interoperability
with declarative semantics. The above-listedwidely imple-
mentedapproacteslackfully declaratve senmantics.

Commuricatablity andintergoembility imply the recuire-
ment of ease of parsing rule-setsthat are being communi-
cated Interoperablity and prectical execuability imply the
requiremern of integration into WWW -world sottware en-
gineain g overall. The XML aspect of our appoach facili-
tatessuchparsingand integration

A secord group of requrementsrevolves araund expres-
siveness.A basicoverall requiremert is expressive power in
specifying rules. Practicalexecutabllit y, however, implies the
strorg desirefor computational tractability in the senseof
average-caseand worst-casecomplexity. Expressive power
has to be balancel againsttractahlity .

2http:/  /logic  .stanf ord.ed u/kif/ ard
htt p://ww w.cs.u mbc.ed u/kif/

3The current draft ANS| specification of KIF
(htt p://lo gic.st anford .edu/k if/dpa ns.ht ml) also

includes an infix verson of KIF intended for human consumgion
ratherthanauomatedexcharge.

“Foundaion for Intelligent
htt p://ww w.fipa .org

Physical Agents:

Easeof madifiahility implies the requrement of expres-
sive conveniencefor the processof speification Expressive
converienceis in pait anaspectof expressve power, but also
implies the needfor conceptud naturalnessof semantics.

An important aspectof expressve power is the ahlity to
conveniently expressrulesthatarelogically non-monotonic,
i.e, rulesthatempoy negation-as-failure or are default rules
In patticular, it is importart to converiently express pri-
oritized conflict handling, i.e., where same rules are sub
ject to override by higher-priority corflicting rules such as
by special-cae exceptions, by more-recen updates, or by
higher-authority sources. As we saw in our contrad rule-set
examgesin section 2, conflict, and the needopportunity for
prioritized override, frequently arise.

Most commercially importart rule systemgincluding the
alovedistedwidely implementedapgoache) emgoy non
moncotonic reaoning as an essertial, highly-used featue.
Typically, they enploy someform of negation-as-failure. Of-
ten they enploy sone form of prioritized overide betwea
rules,e.g, the staticrule seqiercein Prdog or the computed
rule-adivation sequence/“gerda” in OPS5heritage produc-
tion rule systens.

In modem sdtwaredesign it is widely recanized that a
vital aspet of madifiability is modularity and locality in
revision, eg., in the manrer that sutrlassng ard informa-
tion hiding provide in object-ariented programrming. Prior-
itized corflict hardling erales significartly easiermodifi-
cation ard more modular revision/updating New behavior
canbe specifiedmore often by simgy adding rules, without
needing to modify the previousrules. E.g., a more speific-
caserule canbeaddedandgivenhigher-priority thana previ-
ous genemal-caseaule, without nealing to modify the general-
caserule. This is similar to the modular/local gracefilness
in object-aiented programming of addng a suttlass without
needing to modify the superdass.

Anothe important aspet of expressve power, in rela-
tion to pradical exeautallity, is the akility to conveniertly
expressprocedural attachments. Proedual attachnents
are the associatia of procelure calls with belief expres-
siors, e.g., in Exanple 1, the assodation of the Jara method
CustomerA ccoun t.set Credit Amourt with the logi-
cal predcatere fund. Pracedural attachmerts are crucial in
order for rules to have actwal effect beyond pure-kelief in-
ferendng, eg., for actilnsto be invoked/performed asa re-
sult after rule corclusiors are inferred. Procedural attach
ments are also very usefu to invoke procedure calls when
rule conditions aretestedqueried Almostall of the above-
listed widely implementedapproactesinclude procedurd at-
tachmerts.

However, procedual attachments are senantically prob-
lemaic, andanopenreseatchissuetodayis how to give them
a sermanticsthat alstractsaway from implemertation details
ard is thus akin to being declardive. (Seethe discussion of
Situated_ogic Programs in section 5.)



KIF hasbeendeveloped specifically for purposesof com
munication, in respaseto the needto cope with implemen
tational hetepgenaty of rulesandothe knowledge By con
trastwith the abovedistedwidely implemenied approactes,
KIF hasafully declaative semantics;indeed tha is its man
interded strengh. Its declartive senanticsis basedon clas-
sicallogic, primarily focusing on first-order logic. First-arder
logic is logically monatonic, highly expressve, and compu-
tationally intractale (to perform inferercing) for the geneal
case.

KIF canexpress a broad classof rules. However, it has
several important shortcomngs as a language for business
rules in e-commere, including in contracts. Pehaps most
crucially, KIF hasa shortcoming of its fundamental knowl-
edye representatia (KR): it canrot (corvenierily) express
logical non-monatonicity, including negation-as-failure, de-
fadt rules,andprioritized conflict hardling; KIF is logically
monatonic. KIF also camat (conveniertly) expressprocedu
ral attachments;it is apure-belief KR. KIF has beendedgned
with an orientatian towards knowledge as a non-executatte
specificéion asmuch or more thantowardsknowledge asex-
ecuable. Also, the KIF effort hasfocusedmore on a highly
inclusively expressve represertationthanon ease of develop-
ing trarslatorsin andout of thatrepreseration (thisis sone-
thing the XML aspet of our approachimprovesupon).

In our view, none of the albove-isted previous approaches
to representily businessrules, nor ary other previous ap-
proad tha we are aware of, satigactorily meetghewhole set
of requiremerts we listed above (in bold-face). In paticular,
the widely-implementedapproachesabove lack sufficiently
declaratve semantics;KIF, though declaative, lacks logical
non-monatonicity.

KIF'sdeclaative approachdoes however, inspre usto de-
velop our own declarative approad.

4 A NewDedarative Approach to Rules:
Courteous L ogic Programs+ XML

The appoachis to choose Ordinary Logic Progranms (OLP)
— in thededarative serse ([1] providesahelpful review), not
Prdog — asafundamental KR, plusto emhody thisKR con
cretely in XML for purposesof communication betweenthe
contracting agents. ° Logic programsarenct only relatively
powerful expressvely, but also practical,relatively computa-
tionally efficient, and widely defdoyed.

We expressvely exterd the appoach’s declaative furn-
damertal KR formalism to be Courteaus Logic Programs
(CLP). CLP expressively extends Ordinary Logic Programs
to include prioritized conflict hardling, while maintaining
computatioral tractability CLP is a previous KR [10] which

 %Ordinary” | *Ordinar Ioglc prograns arealsosomretimes known as“gen-
eral” (eg., in {1]) or “normal” logic programs,or as(the declaratve
versionof) “pureProlog”.

we have herefurther expressively genealized,natably to han
dle pairwise muual exdusion corflicts, rather than simgy
conflicts of theform p versts —p.

4.1 First KR Step: Ordinary Logc Programs

We begin definng our approad by choosingthe fundamen
tal KR for rulesto be: declardive Ordinary Logic Pragrams
(OLP),with thewell-founded semartics (WFS) [23], initially
expressvely resticted to the pred cate-acyclic case(defined
bdow). (Hencdorth, we will leave “declaative” implicit.)
This is a “pure-telief” KR, i.e., it lacks procecurd attach
ments.

Ead rulein anOLP hastheform:

Ag « AN ... /\Am/\NAm+1/\ ... N~A,.
Here,n > m > 0, andeachA4; is alogicalatam. Ay is cdled
the hedl (i.e., conseqiert) of therule; the rest is called the
bady (i.e., ante@den) of the rule. If the body is empty, the
+ may be omitted. A ground rule with empy body is cdled
afad. ~ stands for the nggation-as-falure operaor synmbadl,
ard is readin Engdlish as“fail”. Intuitively, ~p meanstha p
is not believedto be true, i.e., that p’s truth value is either
false or unknown.

E.g, thefirst rule in Exanple 2 might bewritten as

order Modi ficationN otice(?Order, days14)
+ preferredCustomerO f(?Buyer,?Seller)
A purchaseOrder(?Order,? Buyer, ?Seller).
Here, the prefix “?” indicatesa logical variable.

Ordinaty LP’s have beenwell-studied ard have alargelit-
eraure (reviewed,for examge, in [1]). For severalbroadbut
restrided expressve cases,their (dedarative) senanticsis urn-
controversial:e.g., for the predcate-ayclic, stratified, locally
stratified,and weakly stratified casesthese form a seriesof
increasingexpressve gererdity. However, OLP’s have prob-
lemaic senanticsfor the unrestrictedcase, due eserially
to theinteractionof recuision with negation-asfailure. “Re-
cursion’ here meansthatthereis a cydic (path of syntactic)
deperdercy among the predicategor, more geneglly, anong
theground atams)through rules. More predsely, alogic pro-
gram &’s predicae deperdercy graph PDG¢ is defined as
follows. Theverticesof the grapharethe predcatesthatap
pearin £. (p,q) is a(directed edege in PDG¢ iff thereis a
ruler in £ Wlth pinits headard ¢ in its body. “Predicae-
agy/clic” mearsthatthereareno cyclesin thepredicatedepen
dency graph “Stratified’ (in itsvariousflavors) mears cycles
of arestrictedkind are allowed

The well-foundedsemanticsis probaly thecurrerntly most
popular sematics for the unrestricted case,and is our fa-
vorite. With WFS, the unrestrictedcasealwayshasa sinde
setof corclusiors, andis tractatbe under commorly-metre-
strictiors (eg., VBD definedbelaw).

Our appoachfor aninitial practically-oriented LP-based
businessrules KR is, however, to keepto expressvely re-
strictedcaseghat have uncortroversial(i.e., corsensusn the
reseach conmunity) semartics — stating with predicae-



agyclic. Comparedto theseuncontroversial casesthe unre-
strictedcase (e.g, with WFS)is more conplex conputation
ally and pethaps even more importartly, is more difficult in
terms of sdtwareengineeiing. It requires more conmplicated
algorithmsard is not widely deployed The predicateacgyclic
expressve restiction canbechekedsyntactically with arel-
atively simge algorithm and with relatively low conputa-
tional cost.

An OLP (with WFS) consist of a setof premiserules, ard
ertails a setof (primitive) conclusions. In a predicateacgyclic
OLP, ead conclusionhasthe form of a ground atam. Intu-
itively, ead conclusionatomis believed to be true, andevery
other (i.e., non-conclusion) ground atam is not believedto be
true (recall~ alove).

Next, we discussthe advarntages of OLP’s (with WFS).
(Adv 1): OLP hasafully declaative sematics thatis use-
ful and well-understmd theaetically. (Adv 2): OLP in-
cludes negation-as-failure and thus supports basic logical
non-monotonicity. (Adv 3): OLP hascorsideralle expres-
sive power, yetis relatively simpe andis not overkill expres-
sively. (Adv 4): OLP, unlike first-order-logic/KIF, is conpu-
tatiorally tractalbe in the following sense.Under commonly
met expressve restrictiors, e.g., VBD, inferencirg — i.e,,
rule-setexecuticn — in OLP canbe computedin worst-case
poynomial-time. Here,we saytha anLP is “VBD" when
eithe (a) it is ground, or (b) it hasno logicd functions of
non-zero arity (a.ka. the Datalog restiction®) ard it hasa
bounded number of logical variables appearirg in eachrule.
By contrast,classcd logic, e.g, first-order logic — ard thus
KIF, is coNP-hard underthe VBD restriction. (Adv 5): We
obsene predicateacgyclic OLP’s semartics is widely shared
ampng mary commecially important rule-based systernrs as
an expressve subsetof their behavior. Prdog is the most
ohvious family of such systens. Relaticnal daabasesarean
other suchfamily: mary SQL view definitions (andrelatioral
algebra operatiors) are in effect OLP rules. OPS5-leritace
production rule systems are less closely relatedbecaise of
thdr extensie use of procedual attachmerts, but insofar
asthey commonly do pure-kelief predicateagyclic inferenc-
ing, thar semanticsis closely relatedto forward-directed
OLP’s. Evert-condition-actionrulesaresomewhatsimilar in
this regard to a simple form of production rules Othersys-
temssharing the sermanticsinclude many expert/krowledge-
based systenms andintelligert agent building tod's; many of
these implement forward-directed predicateacgyclic OLP’s.
Predcate-ayclic OLP sematrtics thusreflectsa consersus in
therule represetationconmunity thatgoesbeyond the logic
progranming community. (Adv 6): Predicateacgyclic OLP's
are in effect, widely implemertedand dedoyed,including in
Prdog’'sand SQL relationd datatasesput alsobeyondthem

81t is usually straightforwardto represetationally reformulatea
rule-setso asto repacea logical function f having arity & > 0 by
a predicatefp having arity k + 1, whereintuitively the (k 4 1)t"
amgumentcorrespadsto theresut of apdying thefunction.

(Adv 7): Ther is alarge population of developers (not just
reseachas)who arefamiliar with them.

4.2 KR Extension to CourteousLogic
Programs

Couteaus LP’s (CLP) expressvely extends Ordinary LP's
(with WFS) by adding the capability to convenently ex-
pressprioritized corflict handling, while maintairing compu-
tatioral tractability (e.g, under the VBD restrictian). CLP
is a previous KR [10] which we have here further expres-
sively genealized notally to hande pairwise mutud exclu-
sioncorflicts, ratherthansimply corflicts of the form p ver-
sus—p. (Here, — stands for classca negation. Intuitively, —p
meansp is believedto be definitely false.)

CLP can be tractably compiled to OLP. Indeed, we
have implemerted such a courteaus comgler [11] [13] [12].
The compiler enalesmodularity in software engneeing ard
easesmplementationand dedoyment: the Courteaus L P ex-
pressve capability canbeaddedmodulany to anOrdinary LP
rule engne/systensimgy by adding a pre-processa. Com
pilation’s computatioral conplexity is cukic, worst-case, but
oftenis closerto linear.

In this paper, we do not have spaceto give full detailsabout
thegenearlizedCLP formalismor its courteous conpiler. In-
steadhere we will give anoverview and sone exanples.For
details, see[12] andtheforthcaming extencedversion of this
paer

CLP handes conflicts between rules using partially-
ordered prioritization information that is naturally availabe
basedonrelative specificity recerty, andauttority. Rulesare
subject to override by higherpriority conflicting rules. For
exampe, somerules maybeoveriddenby otherrulesthatare
speci&caseexceptions,morerecent updatesor from higher-
authority saurces

Couteots LP’s facilitate specifying setsof rules by merg-
ing, updaing and accunulating, in a style closer(than Ordi-
nay LP’s or thanclasscal logic/KIF) to natural languace de-
scriptions. The expressie extensionprovided by CLP is thus
valuable espeially because it greatly facilitatesincremental
specificéion, by ofteneliminatingthe needto explicitl y mod-
ify previousruleswhenupdating or memging. In temsof the
rule represemationrequirementswe gavein sectio 3, thisen
ablessignificartly greatermodularity, locdity, ea® of modi-
fication expressve corverience,ard conceptual nauralness

In CLP, priorities arerepresentedvia afactcomparing rule
labels overrides(rulel, rule2) mearsthatrulel hashigher
priority thanrule2. If rulel and rule2 corflict, thenrulel
will win thecorflict.

Syntactically, a CLP rule differsfrom an OLP rule in two
ways. First, it may have an optiond rule label, used asa
hande for specifying prioritization. Secad, eachrule literal
may be classically negated Syntacticdly, OLP is simpy a
speci& caseof CLP. An OLP rule lacks a labelanddoesnot
mention classicahegation



A CLP rule hastheform:
(lab) Ly <« LiN ... \NL,
A~Lpyi A oo AN~Ly,.

Here,n > m > 0, andeah L; is aclassicalliteral. A clas-
sical literal is a formula of the form A or —A, where A is
an atam. — stand for the classcal negation operator sym
ba, andis readin Endish as“not”. lab is therule’s label.
Thelabel is optional. If omitted the label is saidto be empy.
Thelabelis not requred to be unique within the scope of the
overall logic progran i.e., two rulesmay have the samela-
bd. Thelabelis treatedasa O-ary functionsymbd. The label
is preseved during instantiation all the ground instan@s of
the rule above have label lab. overrides andthe labels are
treaed as patt of the languageof thelogic program, similady
to otherpredicae andfunction symbals appearingin the logic
program

Sematically, aCLP entals a setof (primitive) conclusions
eachof which is a ground classical literal. Classicalnega-
tion is enforced: p ard —p arenever bath concluded for ary
(classicalliteral) p. This canbe viewedastheerforcing of an
implicit mutual exclusionbetweenp and-p.

In the newly gereralizedversion of CLP, the CLP alsoop-
tionally includesa setof pairwise mutual exclusion (mutex)
statemets, along with the rules. These mutex’'s specify the
scope of conflict. An unconditional mutex hasthe syrtactic
form:

1 « LiALs.

whereeach[L; is aclassicalliteral. Sermantically, eachsud
mutual exclusion specifiedby amutex is enfarced: Ly and Lo
arenever both concluded (for ary instartiation). These mu-
tex'sareparticdarly usefil for specifying thatat mostone of
asetof altemativesis to be pemitted E.g., in Examge 1, it is
straichtforward to specify via amutex thatthe refund percert-
age mustbeat mostone of thevaues{90% , 100%}. E.g, in
Examge 2, it is straichtforward to specify via 3 mutex’s that
the leadtime mustbe at most one of the values {2 days, 14
days, 30 days}. E.g, in Exanple 3, it is straichtforward to
specify via 3 mutex’s that the discount percentag mustbe at
most one of the values{0%, 5%, 10%}.

It is expressvely more converient sometimesto useamore
general form of mutex: a conditional mutex, which hasthe
syrtacticform:

1 « LiANLy | (Y #£72).
where 7Y ard ?Z are logical variablesthat appear respe-
tivelyin L; andL,. E.g,
1 « giveDiscount(?Cust,?Y Percent)
A giveDiscount(?Cust, ?Z Percent)
| (?Y Percent #?Z Percent).

This conditional mutex erablesone to spedéfy with a singe
mutex statemen(ratherthanwith three or more uncorditional
mutex’s) that for a given custoner ?C'ust there must be at
most one valuecorcludedfor the discaunt percertage.

The enforcemen of classical negation canbe viewed asa
setof implicit unconditiond mutex’s, one for eachpredcate

@, thateachhave the form
1+ Q(?X1,...,7Xm) A -Q(?X1,...,7Xm).
where@’s arity is m. This is calleda classicd mutex.

Example 4 (Ordering Lead Time, in CLP)

Examge 2 canbe straghtforwardly representedn CLP as
follows:
(a) orderModificationNotice(?Order, daysl4)

+ preferredCustomerO f(?Buyer,?Seller) A

purchaseOrder(?Order, ? Buyer, ?Seller).
(b) order ModificationN otice(?Order, days30)

+ minorPart(?Order) A

purchaseOrder(?Order, ? Buyer, ?Seller).
(¢) order ModificationN otice(?Order, days2)

+ preferredCustomerO f(?Buyer, ?Seller) A
order Modi ficationType(?Order, reduce) A
orderItemIsInBacklog(?Order) A
purchaseOrder(?0rder, ? Buyer, ?Seller).

overrides(c, a).

1 <« orderModificationNotice(?Order,?X) A

order Modi ficationN otice(?Order,?Y)
| (?X #7Y).

To represert this examge directly as an Ordinary LP —
while handing corflict appropriately in regard to priorities
ard guaranteeing corsigercy — requres modifying the
rulesto add extra “interaction” conditions that prevert more
than ore rule apgying to a given purchaseorder situation
Moreover, adding a new rule requres modfying the other
rules to add additional such interection corditions. This is
typical of corfli cting rule-setsandundeiscores the advantag
of the prioritized conflict handing expressve featue (recall
the discussionof modulaity and esse of modification in
section3).

Sematically, the prioritized corflict hardling in CLP is
defined by a process of prior itized argumentaion among
oppasing candidates Opposition is specified by the set of
mutex's. Eachrule » whose body is satisfed, i.e., which
“fires”, gereratesa canddatec for r’'s (appropriately instan
tiated headp. This cardidatehasanas®ciatedlabel, which
is simply thatrule r’slabel. In geneal, there maybe multi ple
cardidatesfor agivenp, i.e., ateamfor p. If and only if there
is an opposingcardidate d (i.e., a cardidae for an opposing
literal ¢) thathashigherpriority thancanddatec, thencisre-
futed Suppose thereis an unrefutedcanddatefor p. If there
areno unrefuted cardidatesfor any opposerof p, thenp wins
i.e, pisconcluded However, it maybethatthereis anunre-
futed canddatefor an opposerof p; in this casethe opposing
unrefuted canddatesskeptically defeateachother The con
flict camat be resdvedby the specifiedpriority; neitherp nor
its opposer is concluded

Anothe way to view this is asfollows. An opposition
locale is a setof h > 2 ground classca literals that op-
poseeachother, such thatat mostone of those literalsis per-
mitted (by the specified mutex’s) to be concluded. In eah



opposition-localg if the maximal-priority cardidatesareall
for the saméliteral, thentha literal wins.

The definition of CLP includessorre additional expressive
restricions,which we do nat have spae to detailhere

CLP always producesa consistent setof corclusions, en
forcing all themutex’s. CLP asohas several other attractive
well-behavior properties,including about merging andabout
naurd behavior of prioritization, however, we do not have
spaceher to deail these.

The courteous compiler in effect represens the priori-
tized agumentatian processin OLP. It introducessame ex-
tra“adorning” predicaesto represent theintermediatestages
of agumertation candidates,unrefuted canddates, skepti-
cal defeat, etc.. The compler makes it simple to detectan
unresdved corflict, e.g., to raisean alam abaut it in either
forward or backwardreasming.

From the tractalility of courteous conmpilation, it follows
directlythat CourteausLP inferercingunderthe VBD restric-
tion is tractable. It hasthe sameworst-case time and space
complexity as: OLP inferercing where the bound v on the
number of vaiiablesper rule hasbeenincreasedo v + 2.

NotethatCLP overlaps syntacticallyand sematically with
KIF for abroad case.CLP without negation-asfailure, with-
out labels (or ignoring labds), ard without corflict, is syn
tacticallyarestricted (esentially, clausal)caseof first-order-
logic (FOL)/KIF. Sematically, suchCLPis sowndbutincom
plete whenconparedto FOL/KIF, in thatits ertailed conclu-
siors areequivalert to a (conjunctive) setof ground literals.

4.3 XML Embodiment: BusinessRules
Mark up Language

Ou approachincludes a secord aspect beyond the funda-
mental KR. We enmbaody the rule represetationconcretely as
XML documents.

Next, we give, for thefirst time, an XML embodimert of
CLP Cadlled Business Rues Markup Language (BRML), this
XML embodiment functions as an interlingua between het-
erogeneausrule represetations/systens which differert con
trading agens may be enploying. BRML inheritsthededar-
ative sematicsof CLP.

BRML also is thefirst XML embodmert of (declaative)
OLP to our knowledge. Since CLP also expressively covers
a swbsetof KIF, asdescribed above, BRML is alsoan XML
enmbodimert of that subsetof KIF — to our knowledge, the
first XML emtodimert of (any fragnmentof) KIF.

Figure 1 shawvs the CLP from Exanple 4 erncoded in
BRML. Only the first rule of that Examgde is shown in de-
tail. “clite  ral " mears“classcal literal”. “fc litera |”
meansa rule body literal, i.e., a literal formed by optionally
applying the negation-as-failure operata outside/infront of a
classicaliteral.

In this papger, we do not have spae to give full de-
tails about the XML enmding. For full deails, see:
(1) the CommonRules prototype download padkage (at

<?xml ver sion=" 1.0"?>
<cl p>
<erule rulelab el="a" >
<head>
<clite ral predicat e=
"orderM odific ationN otice" >
<vari able name="Order"/ >
<func tion name="daysl14" />
</clit eral>
</head>
<body>
<and>
<fcli teral predic ate=
"pref erredC ustome rOf">
<var iable name="Buyer" />
<var iable name="Seller "/>
</fcl iteral >
<fcli teral predic ate="p urchas eOrder ">
<var iable name="Order" />
<var iable name="Buyer" />
<var iable name="Seller "/>
</fcl iteral >
</and>
</body>
</ erule>
[re st of rules & mutex’s skipped]
</c Ip>
Figure 1: XML, i.e, BRML, for Examge 4.
htt p://al  phaworks.i bm.com), which contairs the

XML DataTypeDefinition (DTD) for BRML, explarationof
it, andanumber of exanples(e9. “orderingleadime” there);
ard (2) the forthcaming exterdedversionof this paper. The
currert DTD is in draft form; updatesto it will be posted on
the auhors’ websites.See[14] for how BRML fits into the
larger cortext of agernt communication languages, including
the FIPA Agert Communication Language(ACL) draft stan
dard.

As comparedto the usual plain ASCII text style of embod-
imert cf. KIF or Prolay or most programrming languages,
the XML approach has severd adwantags. It facilitates
developing/maintairing parsers (via stardard XML parsirg
tods), andintegrating with WWW-world sdtwareengnee-
ing. XML is easier to auomaically parse, generate, edt,
ard translate,beausethere are stardard XML -world tools
for thesetasks. The hypertext (i.e., links) aspets of XML
arealsousefd. For exanple, a rule setmay via XML have
sone associatedRL's which paint to documerts descibing
that rule set’s knowledge representation or authors or apgi-
cation cortext. Or it may have as®ciatedURL's which point
to tools for processingthatrule set,e.g, to execue it, editit,
aralyzeit, or validateit (syrtactically or sematically). Par-
ticularly usetul for our neaerterm purposesis that an aso
ciatedURL may point to documerts describing the seman
tics ard algarithms for trarslatorsenicesor conponerts, as
well asto trarslatortods and examgdes Repesnting busi-
ness rulesin XML hasa further advantag: it will comple-



ment domain-specific ontologies(i.e., vocahularies)availabe
in XML. Many sud ontologiesexist already andmary more
areexpectedo be developedin the next few yeass, including
in e-commerce domains. The XML appoachalsofacilitates
integrationwith Electranic Datalntercharge (EDI) ard other
e-ommere compoentstha “talk” XML.

We have implemental sampe trarslators tha go (bidi-
rediondly) from the XML intedingua to several ac-
tud rule systemsas proof of feagbility. These rule
systems include two previously existing WFS OLP
infererting engnes built by others and implementad
in C. One is exhawtive forwarddirection: Snod
els (version 1), by llkka Niemela and Patiik Simams,
htt p://sa turn.h utfii html/s taffi Ikka.h tml .
The other is backward-direction: XSB, by David Warren
et al, http:/ /www.c s.sun ysb.e du/"sb prolo g.
In addtion, we have implemented a sanple translatorto a
third, predicate-agclic WFS OLP inferencirg engine we
built oursehesin Java. Futhemore, we have implemerted a
sampe trarslatorto ANSI-draft KIF (ASCII format).

5 Discussiao and Futur e Work

The implementation of our approachwasreleasedasafree
alpha prototype called CommonRules on the Web in Juy
of 1999, at ht tp://a  Iphaw orks. ibm.co m This pro-
totype is a Java library that includes both the CLP ard the
BRML aspets of our appoach. In particdar, it includesa
courteous conpiler ard sampe translates betweenBRML
ard several other rule systems/langiages.

In summauy, we believe our approad combining CLP and
XML meetsthe whole setof requiremerts we gave in sec-
tion 3 betterthanary previousapproach Indeed, we believe
our approachmeetsevery one of thoserequiremers to a sig-
nificant degree,with oneexceptin: the ahilit y to express pro-
cedural attactmerts.

The usefulressof rulesin a declaative KR for represett-
ing execuablespecificéions of contractagreenentsis based
largdy on their following advartagesrelative to other soft-
ware spedfi cation approaches and progranming languages.
First, rulesareat a relatively high level of abstraction closer
to human understanability, especiallyby businessdoman
expetts who are typically non-programmners. Seond, rules
arerelatively essy to modify dynamically and by such non-
programmelrs.

In currert work, we are expressvely genemlizing fur-
ther to Stuated Courteaus LP’s, so asto eralde procedu
ral attachmerts aswell — in a semanticdly clean manner
(i.e., declardively in a paticular well-definedsense). Situ-
atedLP'99] [16] [15], another expressve extensionof Ordi-
nary LP’s, hook beliefs to drive procedual APIs. Proedu
ral attachmerts for cordition-testing(“sensing) ard action
peforming (“effecting’) are specifiedaspat of the knowl-
edyerepresenation: via sersor andeffectar link statenents.

Ead sersor or effectar link assaciatesa predicatewith anat-
tachedprocecure.”

In current work, we arealsoexpressvely genealizing CLP
ard BRML furtherto relax expressve restrictions such ason
cyclicity/recusion restiction, e.g, to be stratifiedrathe than
predicate-agclic.

Thereare severalotherformaisms for prioritized LP’s that
have similar syntaxto Courteous LP’s (exceptfor lacking mu-
tex’s) but differert sematics in regard to corflict hardling
(seel10] [11] for areview). A direction in our currert work
is to explore this dimersion of heterogereity. None of these
other formalismsto our knowledge hasasattradive a combi-
nation of usefu expressve power, software-ergineerirg mod-
ularity, well-behavior (eg., consisteng, uniquesetof conclu-
siors), tractability andconcepual simgicity (eg., in prioriti-
zation beravior andmenging). In particuar, none can express
mutex’s (besidesimplicit classcal mutex’s), and none has a
compiler to OLP’s.

Thereare other, more expressvely powerful approadesto
prioritizeddefaultrea®ning sud asPrioritized Defaut Logic
[2] and Priaritized Circumscrigtion [19] [18] [7] [8] that es-
sentiallycanexpressmutex’s, but in thesethe prioritized con
flict hardling imposescomputatianally intractalle overeal
[6].

It appeasfairly straightforwardto extend our BRML DTD
in stage so asto express full first-order logic andthen full
KIF. A diredion for future work is to createa DTD, max-
madly compatibly with BRML, thatexpressedull KIF.

In other work [21], we have extended our contract rule
represetationapproach with negatiation featuesoriertedto-
wards auomaic configuration of awctions,including to spee-
ify which attributesof a contractareto be the sulject of ne-
gdtiation or bidding.

Of caurse, ther is yet moreto do to fulfill our approachs
promise, and achieve its ultimate goals. Further issue for
future work include: meshirg more closely with other as-
pects of corntracts, e.g, transactios, paymerts, negotiation
and communication protocds [5] [20], EDI, andutility/cost-
benefit; fleshing out the relatiorships to a variety of com
mercially importart rule representations/g/stems; represent-
ing constraints as in corstraint satigaction and Corstraint
Logic Praograms; and representig ddegation as in secu
rity/authorizationpdicies [17].

An extenced version of this paper will be avail-
abe as a forthcaming IBM Resarch Report (at
htt p://ww w.res earch .ibm.c om).
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