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R les romise to be widel sef 1in Internet electronic commerce. Declarative rioriti ed de-
fa It r le knowledge re resentations o er the advantage of handling con icts that arise in  dating
r le sets, b t have as et had little ractical de lo ment. DIP OMAT is a Java librar that em-
bodies anew a roach to the im lementation of s ch rioriti ed defa It r les: to com ile them into
ordinar logic rograms (with forward or backward inferencing, not sim 1 Prolog). We a 1 the
a roach to a newl generali ed version of co rteo slogic rograms ( P s), a semanticall attrac-
tive and com tationall tractable form of rioriti ed defa lt r les. Com ilation enables co rteo s

P s f nctionalit to be added mod larl to ordinar P r le engines, via a re- rocessor, with
tractable com tational overhead. This takes a long ste towards act al de lo ment of rioriti ed-
defa 1t knowledge re resentation in commerciall elded technolog and a lications.

We give in the demo stor board (a endix) an a tomated exam le e-commerce a lication
scenario: inferencingina 0-r leco rteo s P that re resents ersonali ed ricing and romotions
on a bookstore s Web storefront.

: The imited Distrib tion Notice on the front age
notwithstanding (it is standard boiler late for all IBM Research Re orts), co right to this Re-
search Re ort is not owned b an one other than the a thor(s) and IBM. B contrast, co right
to the version 5  blished in the AAAI-99 Proceedings is owned b AAAI, the blisher of those
Proceedings.

: can be fo nd via the a thor s Web address and as IBM Research
Re orts at htt : www.research.ibm.com .

logic rogramming, defa It reasoning, riorities, non-monotonic reasoning, intelligent
agents, r les, e-commerce, electronic commerce, com ilation, knowledge com ilation. More ke -
words: a lications, mod larit , tractabilit , negation-as-fail re, Prolog, dating, belief revision,
arti cial intelligence, machine learning, ded ctive databases.



Rules in E-Commerce

R les romise to be widel sef 1in Internet electronic commerce as an a tomaticall exec table
s eci cation lang age rogramming mechanism. R les are sef I, for exam le, to re resent:
seller o erings of rod cts and services, b erre irements, contract al agreements, a thori ation

olicies, and more generall , man e-b siness olicies and rocesses. A characteristic of this realm
is that, often, r les need to be modi ed fre entl andb m 1ti le la ers. Con icts between r les
often arise d ring dating and merging.

In e-commerce a lications, r les are s eci ed b b siness-domain ex erts s ch as marketing
managers and are modi ed fre entl , incl ding b merging r les s eci ed b di erent eo le in
di erent organi ations.

Another characteristic of this realm is that it is desirable for the r les knowledge re resentation
( R) to be highl declarative: to have a semantics, inde endent of inferencing algorithm details,
that s eci es which set of concl sions are entailed b a given set of remise r les. Declarativeness
aids exchange of r les between heterogeneo s a lications or enter rises, modi cation of r les,

nderstandabilit of r lesb h mans.

C allenge of Prioritized Default Rules

We are attracted b some virt es of rioriti ed defa 1t r les (in declarative R): the handle
con icts, incl ding arising d ring dating of r le sets, sing artiall -ordered rioriti ation infor-
mation that is nat rall available based on relative s eci cit , recenc , and a thorit .

In Internet e-commerce, the rioriti ed defa 1t ex ressive feat res are val able es eciall be-
ca se the greatl facilitate incremental s eci cation, b often eliminating the need to ex licitl
modif revio sr les when dating or merging.

The is: how to enable rioriti ed defa 1t r les to be sed as
a widel ractical knowledge re resentation for s eci cation and exec tion of r le-based software,
es eciall in e-commerce.

Prioriti ed defa 1t r les are of long-standing interest in the knowledge re resentation ( R)
comm nit , and have received m ch st d . However, the have as et had little im act on rac-
tical r le-based s stems and software engineering generall , and had ver few de lo ed serio s
a lications.

Onedi c 1t isgetting the semantics right, incl dingint itivel sim leeno gh that non-ex erts
in R can feel comfortable s ecif ing, and often re eatedl modif ing, r le sets. Another di ¢ 1t
is the com lexit of im lementing inferencing in a new R. A third di ¢ 1t is facilitating a tran-
sition, which is best made incrementall , b b ilders and sers of revio s r le-based technolog |,
to a new re resentation.

We take a new overall a roach to remed these three di c¢ lties, es eciall the third.

DIPLOMAT, Compilation Approac , eneralized Courteous
Logic Programs

The DIP OMAT s stem is a Java librar that embodies o r new a roach 4 to the im lemen-
tation of rioriti ed defa It r les: to them into ordinar logic rograms (O Ps). ( ogic




rogram here means in the sense of declarative knowledge re resentation 1, not j st Prolog).
DIP OMAT c rrentl im lements s ch com iling for one artic lar rioriti ed defa 1t r le R:
. The com iler ist n as a re- rocessor, then its o t t is fed to an

O P inferencing engine, which ma be forward-chaining or backward-chaining.

Besides the com iler, DIP OMAT incl des the ca abilit to translate ordi-
nar P s (e.g., the res lts of its com ilation) to and fro m 1ti le other re-existing ordinar - P
inferencing engines, e.g., Prolog s stems and intelligent agent s stems. DIP OMAT c rrentl im-

lements s ch translating for 3 s ch O P engines. It also ¢ rrentl im lements s ch translating
of O P to and fro nowledge Interchange ormat ( I ) , an ANSI draft standard for interchange
between knowledge-based s stems, whose semantics is based rimaril on rst-order logic. DIP O-
MAT f rther ¢ rrentl de nes and im lementsan M format for O P s, co rteo s P s, and the
ex ressive fragment of I that overla s with these (i.e., P s with classical negation b t witho t
negation-as-fail re).

As a target R, O P s are ver attractive. The are com tationall tractable , nlike even
the ro ositional case of classical logic, et re resent basic non-monotonicit via the negation-as-
fail re ex ressive feat re. The are in wides read de lo ment and a lication, incl dingb man

rogrammers who know and care ver little abo t R generall . There are a n mber of highl
e cient and so histicated O P r le s stems inferencing engines available. O P s are also closel
related to derived relations in S relational databases, and to several other varieties of r le-based
s stems.

Co rteo s logic rograms 3 are o r favorite revio s rioriti ed defa It r le R. Co rteo s

P s incl de ordinar P s as a s ecial case b t f rther feat re classical negation and rioriti ed
con ict handling. Co rteo s P s have a n mber of attractive ro erties, detailed at more length
in . The have a ni e consistent concl sion set, and are com tationall tractable , with
relativel modest extra com tational cost com ared to O Ps. Their behavior ca t res man
exam les of rioriti ed defa 1t reasoning in a gracef 1, concise, and int itive manner. The have a
n mber of established well-behavior ro erties, incl ding nder merging.

DIP OMAT im lements a version of co rteo s P s that is ex ressivel generali ed in several
as ects from the revio s version of co rteo s Psin 3 b t retains the revio s version s above
attractive ro erties. irst, it enables rec rsion, i.e., ¢ clic de endence of a redicate thro ghr les

on itself. Second, it enables reasoning abo t the rioriti ation, i.e., inferencing to concl de that
one r le has higher riorit than another. These rst two generali ation as ects are described in
4 . Third, it enables the sco e of con ict to be s eci ed not j st in terms of classical negation
(a ro osition vers s its classical negation), b t more generall as a set of

(m texs). It then enforces these m tex s and ens res consistenc with

res ect to them. M tex s are racticall extremel sef leven for otherwise relativel ex ressivel
sim le r le sets, to re resent reasoning abo t -val ed ro erties for greater than . .g., ina
mail agent, one might wish that a messages rgenc level sho 1d be inferred to be at most one of 4
levels: emergenc , high, medi m, or low. This can be s eci ed via m texs airwise: e.g., rgenc
m st not be both high and medi m, nor both high and low, etc..




Demo Storyboard

We give in the demo stor board (see A endix A) an a tomated exam le e-commerce a lication
scenario: inferencing in a co rteo s P that re resents ersonali ed ricing and romotions on a
bookstore s Web storefront. The exam le co rteo s P contains abo t 0 r les and facts. Con-
cl sions are drawn abo t what rice disco nts to o er and what targeted ads to show, for a given
sho er.

Here, r lesares eci ed b b siness-domain ex erts s ch as marketing managers and are mod-
i edfre entl,incl dingb mergingr less eci edb di erent eo lein di erent organi ations.
The rioriti ed con ict handling facilitates re resentinga se ence ofs ch modi cations as a sim le
acc m lation of r les (and facts)  witho t necessitating ex licit revision of revio s r les.

The demo stor board ill strates r nning the com iler (then the interling a) then sing SB,
a re-existing O P engine, to erform backward inferencing on the ost-com ilation O P. SB
is a Prolog-like s stem im lemented in C, develo ed b David Warren and his gro at SUNY
Ston brook, htt : www.cs.s n sb.ed sb rolog.
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Appendix A: Demo Storyboard
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