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Introduction
One form of commerce that could benefit substantially from automation is contracting, where agents
form binding, agreeable terms, and then execute
these terms. The overall contracting process comprises several stages, including broadly:

Abstract

We givean approach
to automating
thenegotiation
of business
contracts.
Ourgoal
is to developa languagefor both
partially-specified contracts that are in the
midst of being negotiated, including via automated auctions. Our starting point for
this language is Courteous Logic Programs
(CLP’s), a form of logic-based knowledgerepresentation (KR)that is semantically declarative, intuitively natural, computationally
tractable, and practically executable. A CLP
is suitable in particular to represent a fullyspecified executable contract. The basic CLP
KRalso facilitates modification during negotiation, because it includes prioritized confllct handlingfeatures that facilitate modification. Beyond the basic CLPKR, we have
developed an initial ontology, and an associated style of representation, to specify additional aspects of a partial contract and of
a negotiation process. The initial ontology
specifies the set of negotiables and the structure of a contract in terms of its component
goods/services and attributes. Specifying the
negotiable
aspects
of a goodor service
includes
specifying
itsattributes,
their
possiblevalues,
anddependencies/constraints
on
thoseattributes.
Building
upontherepresentation
ofthese
negotiable
aspects,
we are
incurrent
workdeveloping
methods
to structurenegotiations,
especially
toselect
andconfigure
auction
mechanisms
to carryoutthe
negotiation.
Thisworkbringstogether
two
strands
ofourprevious
workonbusiness
processautomation
inelectronic
commerce:
representing
business
rules
shared
between
enterprises,
andconflgurable
auction
mechanisms.
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1. Discovery. Agents find potential contracting
partners.
Contract terms are determined
2. Negotiation.
through a communication process.
3. Ezecution. Transactions and other contract provisions are executed.
In this work we are concerned primarily with
negotiation, and specifically with the process by
which an automated negotiation
mechanism can
be configured to support a particular contracting
episode. Our goal is a shared language with which
agents can define the scope and content of a negotiation, and reach a commonunderstanding of
the negotiation rules and the contract implications
of negotiation actions. Note that we make a sharp
distinction betweenthe definition of the negotiation
mechanism,and the actual negotiation strategies to
be employed by participating agents. Our concern
here is with the former, though of course in designing a mechanismone must consider the private
evaluation and decision making performed by each
of the negotiating parties.
Overview
of Problem
and Approach
The central question in configuring a contract negotiation is "What is to be negotiated?" In any
contracting context, somefeatures of the potential
contract must be regarded as fixed, with others to
be determined through the contracting process. At
one extreme, the contract is fully specified, except
for a single issue, such as price. In that case, the

negotiation can be implemented using simple auction mechanismsof the sort one sees for specified
goods on the Internet. The other extreme, where
nothing is fixed, is too ill-structured to consider automating to a useful degree in the current state of
the art.
Most contracting contexts lie somewherein between, where an identifiable set of issues are to be
determined through negotiation. Naturally, there
is a tradeoff between flexibility in considering issues negotiable and complexity of the negotiation
process. But regardless of howthis tradeoff is resolved, we require a means to specify these issues,
so that we can automatically configure the negotiation mechanisms that will resolve them. That
is, we require a contracting language--a medium
for expressing the contract terms resulting from a
negotiation.

supports
inclusion
andgeneration
of textual
information.It alsofacilitates
integration
withEDI
components.
TheXMLapproach
further
facilitates
developing/maintaining
parsers
(viastandard
XML
parsingtools),integrating
withWWW-world
softwareengineering,
andtheenriching
capability
to
(hyper-)link
to ontologies
andotherextrainformation.See(Grosof
& Labrou1999)fordetails
about
theXMLrepresentation,
itsadvantages,
anditsrelationship
to overall
inter-agent
communication.
Our KR buildson our priorwork representing businessrulesin Courteous
LogicPrograms
(CLP’s)(Grosof1997a)(Grosof
199Zb)(Grosof
1999a)(Grosof
1999b)(seealsoSection
"CourteousLogicPrograms
as KR").To express
executable
contracts,
theserulesmustspecify
thegoodsand
services
to beprovided,
alongwithapplicable
terms
andconditions.
Suchtermsincludecustomer
serviceagreements,
delivery
schedules,
conditions
for
returns,
usage
restrictions,
andotherissues
relevant
to thegoodor service
provided.
As partof ourapproach,
we extendthisKR with
features
specific
to negotiation.
Foremost
among
theseis theability
to specify
partial
agreements,
withassociated
negotiable
parameters.
A partial
agreement
can be viewedas a contract
template.
Someof itsparameters
maybe boundto particular
valueswhileothers
maybe leftopen.

Contracting
Language
In developing a shared contracting language, we
are concerned with all three stages of contracting:
discovery, negotiation, and execution. This multiplicity of purpose is one argument for adopting
a declarative approach, with a relatively expressive
knowledge representation (KR). "Declarative" here
means that the semantics say which conclusions are
entailed by a given set of premises, without dependence on procedural or control aspects of inference
Negotiable
Parameters
algorithms. In addition to flexibility, such an approach promotes standardization
and human unOnce we have this contracting language, our next
derstandability.
stepwillbeto useit toestablish
theautomated
neTraditionally, of course, contracts are specified
gotiation
process.
As notedabove,
a keyelement
of
in legally enforceable natural language ("legalese"),
thisis to identify
thenegotiable
parameters.
The
as in a typical mortgage agreement. This has great
contract
template
effectively
defines
theseparameexpressive power--but often, correspondingly great
tersby specifying
whatthecontract
willbeforany
l,
ambiguity, and is thus very difficult to automate,
instantiation
of parameter
values.
andis thusverydifficult
to automate.
At theother
Theproblem
then,is to enablethecontract
lanextreme
areautomated
languages
forrestricted
doguageto allowdescriptions
of contract
templates.
mains;
in these,mostof themeaning
is implicit
in
In addition,
we require
auxiliary
specification
of
theautomated
representation.
Thisis thecurrent
possible
valuesforparameters,
and dependencies
stateof Electronic
DataInterchange
(EDI).We are
andconstraints
amongthem.Giventhisspecificain thesparsely
occupied
middleground,
aimingfor
tionof whatcanbe negotiated,
we require
a policy
considerable
expressive
powerbutalsoconsiderable to determine
whatis actually
to be included
in the
automatability.
givennegotiation
episode
(rather
thanassigned
Ourpointof departure
forourKR is purelogic
default
value,or leftopenforsubsequent
resoluprograms
(intheknowledge-representation-theory
tion).
sense,notProlog).
(Baral& Gelfond
(Baral& GelThisanswers
thequestion
of whatis to be negofond1994)providea helpful
review.)
Logicprotiated;
theremaining
question
is hoe#.In general,
gramsarenotonlydeclarative
andrelatively
powtherearemanywaysto structure
a negotiation
proerful
expressively,
butalsopractical,
relatively
comcessto resolvemultiple
parameters.
We focuson
putationally
efficient,
andwidely
deployed.
processes
mediated
by auctions.
As we describe
beWe embodythe representation
concretelyas
low,the problemthenbecomes
one of configuring
XML messages.
Thischoiceenhanceshumanreadappropriate
auctions
to managethenegotiation.
ability
(viastandard
XMLrendering/UI
tools)and
Auction-Based
Negotiation
IEvenif a natural
language
contract
is completely
Mechanismsfor determining price and other terms
unambiguous,
it wouldrequire a vastamount
of backgroundanddomainknowledge
to automate.
of an exchange are called auctiona. Although the
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Our Approach
Courteous
Logic Programs
as KR
Next, we discuss our approach to the fundamental
KRused for describing contract agreements.
Rules as an overall representational
approach
capture well manyaspects of what one would like to
describe in automated
contracts.
Rulesareuseful
generally
to represent
muchof thesubstantive
contentsofnegotiation
messages,
especially
to describe
products
andservices
thatareoffered
orrequested.
Thisincludes,
forexample:
offers,
bids,
andproposals;requests
forbidsorproposals;
requests
forquotations(RFQs);and surrounding
agreements
such
as contractual
termsandconditions,
andcustomer
service
agreements.
Rulesarealsousefulto represent
relevant
aspects
ofbusiness
processes,
e.g.,
howto placean order,returnan item,or cancela
delivery.
Theusefulness
of rulesin a declarative
KR for
representing
executable
specifications
of contract
agreements
is basedlargely
on theirfollowing
advantages
relative
to othersoftware
specification
approachesand programming
languages.First,
rulesareata relatively
highlevelof abstraction,
closerto humanunderstandability,
especially
by
businessdomainexpertswho are typically
nonprogrammers.
Second,
rulesarerelatively
easyto
modifydynamically
and by suchnon-programmers.
Our pointof departureis a particular
form
of rules: predieate-acyclie pure-belief logic programs (LP’s). Here, we mean "logic programs"
the sense of pure-belief knowledgerepresentation,
rather than in the sense of the Prolog programming language. "Pure-belief"
here means without procedural attachments. "Predicate-acyclic"
means without cyclic/recursive
paths of depensdence amongthe rules’ predicates,
This KRhas a deep semantics that is useful, wellunderstood theoretically,
and highly declarative.
This semantics reflects a consensus in the rules representation community; it is widely shared among
many commercially important rule-based systems
and relational database systems. This core is also
relatively computationally efficient. 4
Logic programs are relatively simple and are not
overkill representationally. Logic programsare also

most familiar auction types resolve only price, it is
possible to define multidimensional generalizations
and variants that resolve multiple issues at once.
This can range from the simple approach of running independent one-dimensional auctions for all
of the parameters of interest, to more complicated
approaches that directly manage higher-order interactions amongthe parameters.
Auctions are rapidly proliferating
on the
Internet. 2 Although typical online auctions support simple negotiation services, researchers have
begun to deploy mechanisms with advanced features. For example, our own Michigan Internet AuctionBot supports a high degree of configurability
(Wurman, Wellman, & Walsh 1998)
(http://auction.eecs.umich.edu/),
and IBM’s auction system supports one-sided sales auctions integrated with other commercefacilities
(Kumar
Feldman 1998).
Although multidimensional
mechanisms are
more complicated, and not yet widely available,
we expect that they will eventually provide an important medium for automated negotiation.
For
example, combinatorial auctions allow bidders to
express offers for combinations of goods, and determines an allocation maximizing overall revenue.
Weare aware of one prototype system currently
supporting combinatorial auctions over the Internet (Sandholmto appear). Multiattribute auctions,
typically employedin procurement, allow specification of offers referring to multiple attributes of a
single good (Branco 1997).
Whether a multiattribute auction, a combinatorial auction, or an array of one- or zero-dimensional
auctions is appropriate depends on several factors.
Although a full discussion is beyond the scope of
this paper, we observe that these factors can bear
on any of:
¯ The legality of auction configurations. For example, if someattributes are inseparable (i.e., both
must be specified in the contract), then it makes
no sense to treat them as separate goods in a
combinatorial auction.
¯ The expected performance of auction configurations. For example, if parameters represent distinct and separable contract options, then they
could be handled either by separate or combined
auctions. Whether they should be combined depends on how complementary they are as perceived by thenegotiating
agents.
¯ The complezity
of auctionconfigurations,
for
boththe mechanism
infrastructure
andparticipatingagents.
Dimensionality
playsa largerole
in complexity
tradeoffs.
aLooking
atYahooalone
yields
104auction
services
listed,
and120,000
active
auctions
ontheir
ownservice
(http://auctions.yahoo.com/).
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SAlogic program £’s predicate depends,ell graph
PDGzis defined aa follows. The vertices of the graph
are the predicates that appear in ~. (pi,p$) is a (directed) edge in PDGeiff there is a rule r in £ with pi
in its head (i.e., consequent)and pj in its body(i.e.,
antecedent). "Predlcate-acyclic" meansthat there are
no cycles in the predicate dependencygraph.
4The general case of LP’s, with unrestricted recursion/cyclicity interacting with negation-as-failure, has
problems semantically, is more complexcomputationally and, perhaps even moreimportantly, is moredifficult in terms of software engineering. It requires more
complicatedalgorithms and is not widely deployed.

relatively
fastcomputationally.
Undercommonly
when the current flight is full the airline has demetrestrictions
(e.g.,
no logical
functions
ofnonmandfor extra seats.)
These rules are straightforwardly represented in
zeroarity,a bounded
numberof logical
variables
Courteous LP’s, e.g., as:
perrule),
inferencing
--i.e.,rule-set
execution
-in LP’scanbe computed
in worst-case
polynomial- <leadTimeRule
I>
s
time.
modificationNotice (?Buyer,
?Seller,
TheKR we are usingto represent
contracts
is
?Flight,14days)<CourteousLogicPrograms.CourteousLP’s expreferredCustomerOf(?Buyer,
?Seller).
pressively
generalize
theordinary
LP’s(described
above)by addingthecapability
to conveniently <leadTimeRule2>
express
prioritized
conflict
handling,
i.e.,where
modificationNotice (?Buyer,
?Seller,
somerulesaresubject
tooverride
byhigher-priority
?Flight,2days)<conflicting
rules.For example,somerulesmay
preferredCustomerOf(?Buyer,
?Seller)AND
be overridden
by otherrulesthatarespecial-case
modificationType(?Flight,
postpone)AND
exceptions,
more-recent
updates,
or fromhigherflightIsFull
(?Flight).
authority
sources.
Courteous
LP’sfacilitate
specifyingsetsof rulesby merging
andupdating
andacoverrides(leadTimeRule2,
leadTimeRule
I)
cumulation,
in a stylecloser(thanordinary
LP’s)
Here the arrow ("<-") indicates "if" and the "?"
to natural
language
descriptions.
prefix indicates a logical variable.
Courteous
LP’sinclude
priorities,
between
rules,
Courteous LP’s have several virtues semantically
thatarepartially-ordered.
Classical
negation
is
and
computationally. A Courteous LP is guaranenforced:
p andclassical-negation-of-p
are never
teed to have a consistent, as well as unique, set
bothconcluded,
foranybeliefexpression
p. Priof conclusions. Priorities and merging behave in
orities
arerepresented
viaa factcomparing
rulelaan intuitively natural fashion. Execution (inferencbels:o~errides(rulel, rule2) means that rule1 has
ing) of courteous LP’s is fast: only relatively low
higher priority than rule2. If rule1 and rule2 concomputational overhead is imposed by the conflict
flict, then rule1 will win the conflict.
ehandling,
The version of Courteous LP’s we are using,
Our work on representing contracts via courpartially
described
in (Grosof1999b)and(Grosof
teous
LP’s builds on our prior work on rep1999a),
is further
expressively
generalized
as comresenting
business rules via courteous LP’s (see
paredto theprevious
version
in (Grosof
1997c)and
http://www.research.ibm.com/people/g/grosof).
(Grosof
1997b).
We have a running prototype implementation
(Grosof 1999b) of Courteous LP’s as a Java liExample: Modification
Lead-Time
brary, including XMLformatting, rule specifiThe English description of a business-to-consumer
cation, and rule inferencing/execution. An initial
electronic commercepreferred-customer draft conversion of the prototype will be released as a free
tract communicatedfrom a airline (seller) to a travWebalpha in the spring of 1999.
eler (buyer) might include a contract clause that
comprises the following two business rules. Described in English, the first rule is:
Ontology for Specifying
Partial
Contracts
Buyer can modify the departuretime up
until 14 days before scheduled
At an abstract level, what distinguishes a contract
departure,if
template from a fully-specified contract is that the
- the buyer is a preferredcustomer.
contract template contains a set of variables, and
the goal of the negotiation is to find an assignment
Thesecond
ruleis:
to thosevariables.
Oncethevariables
areboundto
Buyer can modify the departuretime of
specific
values,
thereis a fully-specified
contract.
an item up until 2 days before
Wecall these variables the negotiable parameters
scheduleddeparture,if
(or negotiable attributes). To support performing
- the buyer is a preferredcustomer,and
this negotiation, the language of the contract must
- the modificationis to postponethe
express the appropriate value ranges for, and condeparture,and
straints upon, the negotiable parameters.
- the currentflightis full.
Wehave talked about CLPas a basic KRsuitable
This second rule is a special-case rule and overrides
for specifying (via rules) an executable agreement.
the more general-case rule. (The rationale is that
SFora previous
version
ofcourteous
LP’s,(Grosof
1999a)
givesthecomputational
complexity
analysis.
nunlikeclassical logic, e.g., first-order logic, which
Thecomputational
complexity
of thefurther
expresis NP-completeunder these restrictions,
and semisively
generalized
version
issimilar.
decidable without these restrictions
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Beyond the basic KR we providenegotiationspecific
ontology
forexpressing
partially
specified
contracts
andguiding
andconstraining
thenegotiationprocess.
Belowwe givean initial
setof such
z
negotiation-level
predicates,
Thefirstpredicates
we introduce
allowbundling
of attributes.
The predicate
attribute
(?Parent,
?Child)
allows
us to create
a treeof attribute
bundles.Ifspecified
withtheattribute
predicate,
the
bundleof attributes
is considered
non-separable,
i.e.,it is notpossible
fora buyerto getsomeof
theattributes
fromone sellerand somefromanother.Whenit is possible
to separate
setsof attributes
in thisways, we use thepredicate
component(?Parent,
?Child)whichagainis used
imposean arbitrary
treestructure
of components
and subcomponents
on the negotiable
attributes.
The attributeand componentpredicatesare
usedto imposea hierarchy
on negotiable
parametersin the contract.
Only the leavesof this
treestructure
mayactually
be negotiated,
andthis
is indicated
explicitly
in our ontology
withthe
predicate
negotiable
(?Name0fNegot
iablePredicare).Thispredicateindicates
thatthe named
9 represents
predicate
a negotiable
parameter
of the
contract.
Some parametersmay be %egotiable"only in
thesensethatonepartydetermines
themandthey
arenotopento counter-offers.
We referto these
as internalparameters.
Sincetheseparameters
aredetermined
in thenegotiation
phasejustlike
everyother,we do not want to treatthemspeciallyin ourontology
forrepresenting
negotiable
aspectsof the contract.
Insteadwe introduce
a
special
predicate,
negotiationType
(?Predi careName, ?Type0fNegotiation),
where the second
argumentcan takevaluessuchas sellerChooses
or buyerChooses.
It is straightforward
in CLPto
specify
a default,
%penfordiscussion."
The powerof the negotiation-level
predicates
aboveis thattheycanbe fullyintegrated
intothe
existingframework
of CLP.For example,we can
specify
thatan attribute
of thecontract
is onlynegotiable
undercertain
conditions,
or thatthenegotiation
typedepends
on several
factors
including
results
of othernegotiation.
Results
of othernegotiations
areeasily
reasoned
aboutbecause
theyare
simplyfactsin theruleset,suchas buyer(alice)
or price(17).

Usingthenegotiation-level
predicates
presented,
we now showthe overallprocessfor transforminga partial
contract
(orcontract
template)
into
a fullyexecutable
contract.
A contract
template
consists
of ruleswhoseexecution
willfulfill
the
agreement
(seeSection"Courteous
LogicPrograms
as KR"),a setof negotiable
attributes
(predicates
whosenamesappearas arguments
of negotiable),
andrulesabouttheseattributes
(thoseinvolving
thenegotiation-level
predicates
aboveas wellas
ruleswhichhavenegotiable
predicates
asthehead).
First,
thelistof negotiable
attributes
isfedto the
negotiation
mechanism
(considered
a blackbox at
thisstage).
Alsofeeding
to thenegotiation
mechanismis thetreestructure
implied
by theattribute
andcomponent
rules.Additionally,
thenegotiation
mechanism
needstheresults
of inferencing
fromthe
rulesaboutnegotiable
attributes
(possibly
it will
needtherulesthemselves
as well,i.e.,thepremises
of thatinferencing).
Thisspecifies
constraints
and
dependencies
amongattributes.
Whenthe negotiation
mechanism
completes,
its
outputwillbe an assignment
to all of thenegotiable
attributes.
Thesewillbe represented
asfacts
(recall
thata negotiable
attribute
is simply
a predicatewhosenamecorrespond
to theattribute
itself
andwhoseargument
is the valueassigned
to that
attribute).
Whenthesefactsareaddedto theoriginalruleset(thepartial
contract)
thecontract
will
I°
befullyexecutable.
Examples
Herewe presentsomeexample
negotiation
rulesin
the domainof travelpackages
to demonstrate
the
representation
we are using.Notethattheseexamplesaremeantto be illustrative
of theexpressiveness
andflexibility
ofourrepresentation,
notas
examples
of howactualtravelcontracts
shouldbe
specified.
Consider
a contract
forthepurchase
of a flight
andhotel.
Thefirstthingwe wouldlikethepartial
contract
to express
is thattheflight
andthehotel
areseparable
components--a
singlebuyerwillnot
nece88ar~/ly
getbothfromthe sameseller.Each
component
has some(non-separable)
attributes,
yielding
thefollowing
simple
hierarchy:
component(contract,flight).
attribute(flight,
airline).
attribute(flight,
stopovers).
attribute(flight,seatClass).
component(contract,
hot el).
attribute(hotel,
quality).

ZThey
happen
toallbepredicates
currently.
Inmore
extended
versions
ofthisapproach
wemight
finditusefultoaddlogical
functions
aswell.
SAlthough
itisstill
uptothenegotiation
mechanism
to determine
whether
or notcomponents
areactually
Theflighthasvarious
attributes,
suchas which
supplied
bydifferent
sellers.
airline
(e.g.,Northwest,
Transworld,
or American
SThis
is currently
restricted
tounary
predicates
of
theformattribute(?Value)
butwe mayliftthisre*°These
factsmustbe addedat highpriority
(see)
striction
inthefuture
toallowattributes
thatcanbe
to ensurethattheyoverride
anydefault
valuesor
assigned
tuples.
constraints.
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Airlines)
and the number of stop-overs.
An executable CLP contract would express such information with rules like the following:

ruleHead <- ruleBody
AND isRuleIncluded(yes).
negotiable( ’ isRuleIncluded).

flight(?Airline, ?FromCity, ?ToCity,
?Stopovers) <airline (?Airline)
AND stopovers (?Stopovers)
AND possibleRoute(?Airline,
?FromCity, ?ToCity).

Note that when the negotiation
mechanism completes it will add to the aboverulesexactlyone of
thefollowing:
i sRuleIncluded(yes).
isRuleIncluded(no).

To specifythatcertainattributes
are negotiable,
we use the predicate
negotiable
which takes the
name11 of a predicate from the contract as an argument:

For a conjunct:
... (conj OR isConjIncluded(no))
negotiable( ’ isConjIncluded).
For a disjunct:

negotiable ( ’ airline).
negotiable( ’ stopovers).
If hotel cost were a parameter to the contract determined solely by the seller, this could be specified
with the negotiationType
predicate:

... (disj AND isDisjlncluded(yes))
negotiable( ’ isDisjIncluded).

negotiable ( ’ hot elCost ).
negot iat ionType( ’ hotelCost,sellerChooses).
By definition,
every subcomponent in the contract must have a price attribute 1~, but this need
not always be a negotiable
parameter in the contract.
For example, the total price of the travel
package may be determined based on the negotiated values of flight price (adjusted by choice of
seat class), hotel price, and discount:

For example,consider the rule from Section
"CourteousLogic Programsas KR" that the buyer
can (conditionally)
modifyits orderup until2 days
beforescheduled
delivery:
odificationNotice(?Buyer,?Seller,
?Flight, 2days) <preferredCustomer0f(?Buyer,?Seller) AND
modificationType(?Flight, postpone) AND
flightIsFull(?Flight).
For our mechanismto supportnegotiatingthe
form of this rule (adoption
of the rule itselfand
adoptionof the two conjuncts),we modify it as
follows:

flightPrice(?X)
<flightBasePrice(?BP)
AND
seatClassPrice(?SCP) AND
discount (?D) AND
?X == (1 - ?D) * (?BP + ?SCP).
pric.e(?X)
<- flightPrice(?FP)
AND
hotelCost
(?HC) AND
quantity(Q)
AND X == {~ * (?FP + ?HC).
Adding
Negotiation
Constructs
to
Existing
Contracts
One important aspect of a contract template that
does not at first appear to lend itself to our method
of breaking down the template into a set of attributes with possible values, is the negotiation of
what clauses to adopt or which criteria
in the body
of a given rule should actually be adopted. To capture this form of negotiation within our framework,
we use boolean parameters to specify the adoption
of rules and conjuncts/disjuncts
as follows:
For a rule:

modificationNotice(?Buyer,?Seller,
?Flight, 2days) <isRuleIncluded~yes) AND
(preferredCustomer0f(?Buyer,?Seller)
OR isPreferredCustomerRequired(no))
(modificationType(?Flight,postpone)
OR isPostponeRequired(no))
flightIsFull(?Flight).
negotiable(’isRuleIncluded).
negotiable(’isPreferredCustomerRequired).
negotiable(’isPostponeRequired).
Also, the aboveexampleincludedtwo constants
(2days and reduce) which could be made neg~
tiableby changing
the constants
to logical
variables
(e.g.,
NoticeAmt and Type), adding unary predicates
(noticeAmt and modificationType),and
makingthosepredicates
negotiable.
In general,
foo(constantl, constant2) <- conditions.

nWe specify the name of the predicate
rather
than the predicate
itself
to avoid second-order
logic. The quoting syntax used here is similar to
Knowledge Interchange
Format (KIF) quoting (see
http://www.cs.umbc.edu/KIF).
12Price and quantity will remain distinguished by the
mechanismsince they are used in the scoring algorithm
for multiattribute auctions (Branco 1997).

would become
foo(?Varl, ?Var2) <- conditions AND
var1(?Varl) AND var2(?Var2).
negotiable(’varl).
negotiable(’var2).
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Discussion
and Future
Work
Wehave presented our approach of using a rulebased contract description language to specify negotiable parameters in a contract and discussed our
planned approach for translating such a contract
template into a set of auctions. It is worth mentioning that this work differs from existing work
under similar names. Notably, Tuomas Sandholm’s
Contract Net and other work in distributed AI and
industrial engineering describe mechanismsfor subcontracting amongagents in order to divide work
in accomplishing a task. By contrast, our approach
is to support an automated negotiation mechanism
for agents to decide upon agreeable terms of a contract, which can then be executed electronically.
Another area that we will be working on, when
looking at aspects of execution/enforcement of negotiated contracts, will be to link more closely
with the procedures that will be performed as
part of such execution/enforcement. For that purpose, it is desirable for the KRto conveniently express "procedural attachments":
the association of procedure calls (e.g., a call to a Java method
ProcurementAuthorization.setApprovalLevel)
with
belief expressions (e.g., a logical predicate such
as approvalAuthorizationLevel).
Wewill thus expressively generalize further to Situated Courteous LP’s. Situated logic programs (Grosof 1997a)
hook beliefs to drive procedural APIs. More precisely, situated LP’s permit two semantically-clean
kinds of procedural attachments for conditiontesting ("sensing") and action-performing ("effecting"). Later we will also want to take a further
step of expressive generalization to relax the cyclicity/recursion prohibition.
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