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ABSTRACT

What distinguishes e-commerce from ordinary commerce? tWha
distinguishes it from distributed computation? In this @ape
propose a performative theory of e-commerce, drawing ordpe
act theory, in which e-commerce exchanges are promiseswtfu
commercial actions, whose real-world meanings are coctsiiu
jointly and incrementally. We then define a computationableto
for this theory, called Posit Spaces, along with the syntak se-
mantics for an agent interaction protocol, the Posit Sp&res
tocol or PSP This protocol enables participants in a multi-agent
commercial interaction to propose, accept, modify andkeyoint
commitments. Our work integrates three strands of priceassh:
the theory of Tuple Spaces in distributed computation; tdrdia-
logue games from argumentation theory; and the study of demm
ments in multi-agent systems.

Categories and Subject Descriptors

D.2.11 [Software Architectureg]: Patterns; F.1.1Nlodels of com-
putation]; 1.2.11 [Distributed Artificial Intelligence ]: Coherence
and co-ordination, Languages and Structures, Multiagestems.

General Terms
Design, Languages, Standardization, Theory

Keywords

Agent Communications Languages, Commitments, e-Commerce
Javaspaces, Negotiation, Performatives, Speech Actte Bpaces

1. INTRODUCTION

Despite the success of the Internet, we know of no formal the-
ory of e-commerce. In what way, if at all, does e-commerce dif
fer from other forms of commerce? In what way, if at all, does i
differ from parallel or distributed computing? In what wafyat
all, do e-commerce systems differ from multi-agent systems
theory of e-commerce should provide answers to these qussti
in order to distinguish, if this is possible, e-commercarfrthese
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other activities. In other words a theory of e-commerce khde-
scribe activities we would recognize as e-commerce anddlogu
scribeall such activities, from online auctions to complex multi-
party commercial negotiations. In this paper, we preseoh su
theory, drawing on speech act theory, the philosophy ofrasgu
tation, distributed computation and the study of committaen
multi-agent systems.

The paper is structured as follows: In Section 2 we present ou
theory of e-commerce, and distinguish it from other formsah-
merce. In Section 3, we present a list of requirements fomapen
tational model for our theory, and review the three maineedents
of our work: Tuple Space theory as a model of distributed asmp
tation; dialogic commitment stores in formal dialogue gapend
Singh’s treatment of commitments in multi-agent systemsSéc-
tion 4 we present the syntax and semantics of our Posit Spaces
Protocol (PSP) and give a brief example of its use. In Se&ime
compare our protocol with Tuple Space theory and with Sgh’
framework. Section 6 concludes the paper with a discusdioa-o
lated and future work.

2. WHAT IS E-COMMERCE?

Can e-commerce be distinguished from other forms of comm-
erce? To answer this we begin by discussing commerce. Im-acco
dance with standard approaches in economics, we defjoedas
a product or service, either of which may be material or igifale.

We define degal personas a human person, a legally-constituted
company, society or charity, or a Government agency. We elefin
acommercial transactionas the exchange, between two or more
legal persons, of two or more goods for one another. In thelsish
such transactions, both goods are material products, as tmte
subsistence farmers barter their agricultural outpugs, maize for
cotton. In modern societies, however, most commercialsaen
tions involve the exchange of one good for money or a money-
equivalent. Initially, money comprised coins made of ragavy
metals, such as gold and silver; paper money, when it was-intr
duced, expressed a promise by the issuer to exchange thefpape
a designated amount of some rare metal upon demand. Even to-
day, monetary equivalents such as cheques and credit cacthvo
ers express promises to exchange them for money upon deimand.
other words, we may view financial instruments from papereyon
onwards as encoding commitments by a legal person to ukderta
some future action or to bring about some future state.

Of course, all the goods in an exchange may encode such com-
mitments, as when one currency is exchanged for anothethenw
a customer uses a cheque to purchase a sofa from a furnitwee st
for later delivery; Here, the store is committing to undketa fu-
ture action — delivery of a specific sofa to the customer’'s @om
— in exchange for the customer also committing to instrust hi



bank, via the message on his signed cheque, to transfer ntoney
the store’s account. So what are tfwodsin this transaction? They
are both promises of future actions, and one can readilyhseget
given customer may view particular promises more favoyrttzn
others: a sofa delivered the next day may be preferred toghe v
same sofa delivered in a year’s time.

So what is distinctive about e-commerce? Commercial tansa
tions executed over the Internet do not, with only a few etioep
permit the actual exchange there and then of the goods itigués
Accordingly, what is exchanged electronically are norsnathm-
mitments of this sort, i.e., promises of future action by onenore
persons involved in the transaction. In executing a traisan-
volving the exchange of such commitments, the personsvadol
are making utterances of the following sort:

e Buyer: | agree to give you payment of monetary amopint
to be paid by means), in exchange for the goog, under
conditionsa, b, c, . . .

e Seller: | agree to give you the googin exchange for pay-
ment of monetary amoumpt to be paid by means, under
conditionsa, b, c, . . .

These expressions change the world external to the elécilon

procedural rules of an auction, and the prior statementseopar-
ties to the interaction. Thus, the real-world meaning of dawl
achieved is potentially constructed incrementally, in ¢barse of

the negotiation, rather than existing — whether in the vealld

or in the minds of the agents — prior to commencement. As the
external meaning of the dialogue evolves along with it, sort@y

the beliefs, desires and intentions of the participantgrsemer’s
preferences between products, for example, may alteraihyobe-
pending on what alternatives the consumer believes aréabiai
[13].

In asserting that e-commerce commitments have meaningswhi
are constructed incrementally, we are saying that the mgaofi
utterances may depend on the sequence of interactions Velaidh
to them. We can view the communication and negotiation p®ce
prior to a transaction as a joint search by the participamsugh
a space of possible deals [11], in which each party may oniywkn
at the outset its own subspace of acceptable deals. As mopos
deals and responses are communicated by the parties to ene an
other, each gains a better understanding of the overlapeleetits
subspace and those of others. Each may also gain a better unde
standing of its own subspace, since the other party may psopo
possible deals of which it previously was not aware, andsofvtn
preferences across the elements of this sub-space. Thesprot

main where they are uttered, and thus become true by virtue of negotiation incrementally creates the space of possitiés ded

their utterance: they aperformativesn the terminology of speech
act theory [1]. Their utterance implies, as with the exclean§
cheques or promises of sofa delivery, commitments to fudaten
or achievement of some future state, namely the actual egeha
between the parties of the goods to which they refer.

the subspaces of acceptable and feasible deals. This sesniant
thus a semantics for the interaction itself, not merely ef state-
ments expressed in it. It is thus analogous to the possibléds/
semantics for human language dialogues studied by lirgursder
the name of Discourse Representation Theory [12], in whath p

The implied commitments of such utterances share a number of ticipants to a conversation jointly and incrementally donst the

characteristics. Firstly, they are made by persons (or #let-
tronic agents) who are, at least for the purposes of theatgios

meaning of the utterances and of the dialogue itself.
Following these comments we now define e-commerce transac-

concerned, autonomous. The persons making the commitmentstions:

cannot be ordered to make them or not to make them by the other

parties involved in the transaction; at best, those othansattempt

An e-commerce transaction is an exchange via electronic me-
dia of performative statements by two or more persons, dwsoé

to persuadean agent to adopt a particular commitment. There is & agents acting on their behalf, in which commitments to aehie

subtle consequence of agent autonomy involved here. Sade e

ment of future states involving the exchange of goods wighaon

agent is autonomous, no commitment binds an agent unless thacther are expressed. The real-world meanings of these cemmi

agent first agrees to it. But, once so bound, an agent canmot no
mally unilaterally modify or revoke the commitment withatie
prior agreement of all other agents party to the original @m
ment; their autonomy requires this. Thus, the commitments are
made jointly by the parties to the transaction.

Secondly, the commitments made in an electronic transaati®
promises to establish or maintain a specified real-worlt st a
result of executing, incurring or maintaining an action ourse of

ments are constructed jointly and incrementally by theipgrants

in the course of the electronic interaction leading to theergnce
of the performatives. Their meaning will depend on the cdraé
the exchange, including any rules governing the interactind the
prior dialogue itself.

Thus, according to this definition, the two features distisging
e-commerce from ordinary commerce is the use of electrogic m
dia for communications and the explicit presence of peréive

action? They are not commitments in the sense of the persistence statements with a jointly- and incrementally-created sgins. Of

of an agent’s beliefs or intentions [29, p. 205], althougéytimay
reflect the existence of such internal commitméntdor are they
merely an expression of a willingness to defend a particstiztie-
ment in a dialogue [10, p. 257], although again such a deferase
be required in the interaction. In other words, these comemitts
have a semantics in the real world external to the electriomér-
action in which the performative statements expressingithee
uttered.
Thirdly, the external meaning is determined by the contdxt o

the interaction in which the performatives are uttered, thrgicon-
text includes both the agreed rules of the interaction, ascthe

Lthe exceptions are intangible products and services, siofuaic, medical advice
or access to networked resources.

2In viewing commitments as specifying future world-statather than actions, we
follow the treatment of [25, 27].

3In this paper, we limit attention only to publicly-obsenabehavior, and so do not
discuss such internal commitments.

course, any commercial transaction may involve the utterasf
performatives prior to, or coincident with, the exchanggobds,
but in e-commerce, under our formulation, this exchangesdiop-
matives is always present explicitly.

3. E-COMMERCE AND COMPUTATION

We desire a computational model for our notion of e-commerce
We may define, in broad outline, the requirments of such a mode
as follows. The model must:

e Support all forms of electronic commercial transactions, i
cluding auctions, listing boards, structured negotiatjand
unstructured argumentation-based interactions.

¢ Support multi-agent negotiations and transactibns.

4Much of the agent e-commerce literature has focused on amty-pommercial trans-



Support a joint and incremental search for deals, and the joi
making and changing of commitments.

Support a notion of commitments as performatives.

Allow for agent autonomy in the making, modifying and re-
voking of commitments.

Permit spatial and temporal de-coupling of the communica-
tions between the agents involved, so as to allow for trade
listing boards, market aggregators, etc.

important for the design of protocols for agent interadioa.g.
[15, 17]. A key concept, formalized initially by Hamblin, that
of an agent's Commitment Store, associated to each patitip
an interaction [10, p. 257]. These stores keep track, thrdhg
course of a dialogue, of the dialogical commitments inalitog
each agent, i.e., the claims which each agent is willing ferdk
if challenged by others. Commitment stores are differentipbe
spaces: firstly, there is not a central store, but one for padtici-
pant; secondly, entries are made to the store as a resuleoifisp
utterances made by the associated agent [16]. All agentsse®y
the contents of each others’ stores, but only the associagedt

Some of these requirements may be met by existing models andmay delete its contents, and only then if the rules of theodiae

approaches, and so we begin by considering three broadistran
of prior research on which we have drawn: Tuple Spaces; forma
dialogue games; and models of multi-agent commitments.

3.1 Tuple spaces

David Gelernter’s theory of tuple spaces [3, 9] was propased
a model of communication between distributed computatient-
ties> This theory, and the associated programming languas,
have formed the basis of SUN’s populdavaspacedechnology
[8].5 The essential idea is that computational agents conneated t
gether may create named object stores, cdllgpdies which per-
sist, even beyond the lifetimes of their creators, untillieity
deleted. In their Javaspaces manifestation, tuples mawgicafata,
data structures, programs, objects or devices. They aredsio
tuple-spaces, which are blackboard-like shared datasstangl are
normally accessed by other agents by associative patteanhimg.
The use of shared stores means that communication betwden mu
tiple agents can be spatially and temporally decoupled.refase
three basic operations on tuple spaces:

e out, with which an agent creates a tuple with the specified

game provide a locution effecting this. Thus, commitmeaotest
are private-write, public-read spaces.

3.3 Commitments

An influential treatment of agent commitments has been pre-
sented by Munindar Singh and his colleagues [25, 27, 32]hin t
account, commitments are promises made tglatorto acreditor
to establish or maintain a certain world-state. Formallgoa-
mitmentc is denoted by = C (P, P»,Z,p) where debtor agent
P, promises creditor ager®, in the context of multi-agent sys-
temZ to achieve the world-state described by propositigwhich
may include temporal references). Conditional commits 3R],
where an agent promises to achieve the world-state idehiifie
one proposition provided another proposition is true, camb-
tated similarly.

Singh’s framework also permits meta-commitments, whiah ar
commitments about commitments, and rules or norms in the con
text of the interaction between the agents. Both meta-comenits
and contextual rules may govern the invoking, modifyingemok-
ing of commitments. One norm may be, for example, that a com-
mitment is not delegated without prior agreement of thegietee.

contents and name in a shared space accessible to all agentSingh defines six primary operations on commitments, whieh w

in the system.

read with which an agent makes a copy of the contents of the
specified tuple from the shared space to some private store.

in, with which an agent makes a copy of the contents of the

specified tuple from the shared space to some private store,

and then deletes it from the shared space.

Tuple spaces are public-write, public-read spaces: arity émthe
system may create a new tuple, and any entity may delete st exi
ing one. A refinement of Linda, Law-Governed Linda [18], bsta
lished an administrative layer which authorizes all attesnp exe-
cuteout, inandread commands according to pre-defined security
and privacy policies. Although this adds some securityuiezs,
tuples are still entities created or modified individuatigt jointly.

3.2 Dialogue Games

Because commercial deals are typically reached after apsoc
of interaction between the agents concerned, it is ap@tEpto
consider the nature interaction between them as a form of dia
logue. Thus, the second strand of research we will draw dneis t
study of formal dialogue games from the philosophy of argutae
tion. Although originally due to Aristotle, this subject sveevived
by philosopher Charles Hamblin’s use of dialogue gamesuyst
non-deductive reasoning [10]. These games have recerabnie

actions. Yet many transactions, from everyday house-psehto Exotic Options
contracts, involve multiple parties.

SSee [20] for a review of tuple-space models.
6Seent t p://java. sun. coni product s/j avaspaces/ .

summarize here:

Create: This action creates a commitment, and is typically under-
taken by the debtor.

Discharge: This action satisfies a commitment, and is performed
by the debtor of the commitment when the final state condi-
tion of the commitment is satisfied.

Cancel: This action revokes a commitment, and may be performed
by the debtor. Depending on the meta-commitments obtain-
ing, a cancellation of one commitment may create another.

Release: This action eliminates a commitment, and may be under-
taken by the creditor or arise from the context.

Delegate: This actions shifts the role of debtor to another agent
within the same multi-agent system and may be performed
by the old debtor or by the context. The creditor is informed
of an act of delegation.

Assign: This action transfers a commitment to another creditor
within the same multi-agent system, and can be performed
by the old creditor or the institution. The debtor is infoane
of an act of assignation.

Although commitments are understood as joint promisedpthe
malisation of Singh does not make this explicit. In par@euthe
rules governing modification or revocation of commitmeritsva
the debtor to discharge, cancel or delegate a commitmerheor
creditor to assigh a commitment, without the prior apprafahe



other parties concerned, unless these are required by tivextor
by any meta-commitments. Thus, the default position isateibl
amendment, discharge or revocation, with meta-commitsnaind
the context covering special cases. In e-commerce, byasinthe
default position should be, we believe, that all parties tommit-
ment need to give their approval for its amendment, diseharg
revocation. It is easy to imagine a debtor, for example nulag
to have discharged a prior commitment on the basis of thesagehi
ment of some world-state, and a creditor to that commitment c
testing that the world-state has in fact been realized.

A second comment about Singh'’s framework is important,esinc
it reveals a lack of generality. The framework is applied4f][to
an auction marketplace (the fish market of [24]), a domainreshe
the rules of the auction (the context) treat bids as proposeat
mitments which are then accepted or rejected by the aueticate
each round. Thus calls-for-bids and bids-in-responsa-tail are
made using th€reatelocution, with conditional commitments as
the contents: the auctioneer promises to provide fish attaioer
price if he receives money; the bidders promise to buy fisthef
price is a certain level. These statements are conditiooahiges,
and the rules of the interaction context (the auction) themt into
commitments once certain other locutions are uttered. ffec-e
tively the Createlocution is being used here for proposing commit-
ments, not for their creation, because the framework hasauibn
for proposing a commitmerit.

the interaction may have read-access, depending on theatile
Associated to each ageh} is aProposal Store denotedP S(P;),

to which only that agent has write-access. Thus, each Pabpos
Store is private-write and public-read. In addition, thisra Deal
Store to which no agent has direct write-access, but to which all
may have read-access. The Deal Store will hold the commitmen
entered into by the participants in their interaction. Waate the
Deal Store byDS( P, ..., P, Z), or simplyDS when this causes
no confusion. Depending on the rules of the institution, Breal
Store may also be partitioned, so that only particular egybave
read-access to its partition elements; for example, in di+tpafty
negotiation, the Deal Store may be partitioned into sulcapao
each of which only 2 parties have read-access; this woullitfdae
private bilateral side deals within the public space. Lilsmyeach
agent may partition its own Proposal Store, so as to allovafi
read-access to sub-spaces for other particular aféfussimplic-

ity, from here on we assume that no Store is partitioned Bwlay.

The contents of the Proposal Stores and Deal Store are persis
tent entities calleghosits which are essentially one or more pro-
posed commitments. We denote posits by lower-case greekset
a, 3,... Once such proposals are accepted, in accordance to the
rules of the governing institution, they enter the Deal StowWe
assume that commitments are represented in a suitablelftzima
guage, such as that of Singh mentioned above. For e-commerce
domains, we assume all proposed deals involve exchangas, th

That this is possible in the fish-market domain is because the is two or more joint commitments. A buyer commits to transfer

rules of the auction institution are sufficiently constia@) and be-
cause the commitments concerned can be expressed as @oslditi
commitments, each to be undertaken upon achievement ofdeme
fined world state. However, if the commitments were to inedi
multaneous achievement of different world states, or dmmalous
execution of actions, by different parties, then they cadtbe ex-
pressed as conditional commitments. They could only besssed
as conjunctions, e.ge,= C(P1, P»,Z,p) & d = D(P», P1,Z,q).

If such a joint commitment were proposed insidraatelocution,
which agent,P; or P, would utter it? Agent autonomy means
neither can make commitments on behalf of the other, soereith
could create it. How could it then be proposed by one aget, an
how accepted or refused by the other? The problem here libg in
absence in Singh'’s framework of a locution with the soleaftd
proposing a commitment, an action distinct from creating it

4. POSIT SPACES

We now propose a computational formalism to represent aur pe
formative theory of e-commerce, drawing on these threedtra
of prior research. Our formalism is intended to be generdltan
achieve the requirements specified at the start of Section 3.

4.1 Syntax of PSP

We suppose we have multi-agent system comprigsiagtonom-
ous computational agents, denot®d . . ., P,, each with the goal
of exploring the possibility of executing an e-commerceansic-
tion. Following [19], we call the electronic space in whidtey
interact arinstitutior; we assume that it has explicit rules of inter-
action, and that these become known to each participanteitoy
to it. We will denote the institution under which a partiauiater-
action is conducted b, and call it thegoverninginstitution for
that interaction. An auction-space is an example of suclmstitu-
tion, and the rules of the auction define the rules of intésact

We assume further there amet+ 1 stores which the: agents in

"This conflation of the act of proposing a commitment with itsation, it should be
noted, is contrary to the stated definition of the locutEneate

money to the seller if and only if the seller agrees to tranafe
certain good to the buyer. Thus, a pasitcould consist of two
(or more) such commitments, of the form= C (P, P»,Z,p) &
d = D(P>, P1,Z,q). If the seller only agrees to supply the good
upon first receiving the money, the propositipim the second com-
mitment may refer to a world-state where the first commitment
to achievement of proposition— has already been fulfilled. Be-
cause we allow any notation for commitments, we do not define a
specific notation for posits.

We next define a set of locutions which enable participants to
create and delete posits from their own Proposal Stores.

e PROPOSE(;, ), which creates a new posit, with speci-
fied name and contents, in the Proposal Sto# P;) of the
speakerP;.

e ACCEPT(P;, PS(P;), a), which copies an existing posit
and its contents from the Proposal Stét8(F;) in which it
is currently held to the Proposal StaPes( P; ) of the speaker
P;.

e DELETE( P;, o), which deletes an existing positfrom the
Proposal Storé”S(F;) of the speakef;.

As mentioned, we assume the rules of the electronic institut
7T define when a proposed commitment becomes binding on the
participants. In an auction with many potential buyers amnel o-
tential seller, for example, a commitment may only come fotoe
when accepted by the seller and by one of the buyers. In a-multi
party negotiation, such as the aircraft supply-chain danoi[5,
Section 8.5], a commitment may require acceptance fromaa p
ties to the interaction before coming into force. We alsauass
the rules ofZ also specify which agents are required to agree be-
fore a commitment can be cancelled or modified in any way. Our
model is general across any such set of defined rules, by noéans
the following two conditions:

80ne could imagine such access privileges being policed Isjgdated support
agents not themselves engaged in the e-commerce interastiilar to the space-
administration objects in [4].



e A posit a enters the Deal Stor®S(FPi,. .., P,,Z) when
and only when the rules of the governing institutibiave

conditions specify internal states of each agent concetheg will
generally not be verifiable by other agents involved [28].

been satisfied to turn a proposed exchange of commitments An operational semanticstreats the entire multi-agent system

into a firm agreement between the parties. Such a posit is

as a single virtual machine. Here, the locutions of the paltare

said to have become binding, and a deal is said to have beenviewed as commands in a programming language which executes

struck.

A posita is deleted from the Deal Stof®S(Px, ..., P,,T)
when and only when the rules of the governing institution
have been satisfied to permit its revocation. Such a posit is
said to be revoked.

We also define two locutions allowing agents to express their
desires regarding posits in the Deal Store:

e SUGGEST.REVOKE( P;, c), an utterance which expresses
that participantP; desires the deletion of posit from the
Deal StoreDS, and thatP; desires that other participants
agree to its deletion from the Deal Store.

e RATIFY REVOKE(P;, ), an utterance which expresses
that participantP; desires the deletion of posit from the
Deal StoreDS.

These five locutions and the two rules together comprisetanin
action protocol, called thBosit Spaces Protocol (PSPWhichis a
parsimonious formalization of the multi-agent performeatiheory
of e-commerce of Section 2. The protocol draws from Tuplec8pa
theory the notion of shared, persistent stores, decoupatialy
and temporally from the agents in the institution. So, foarax
ple, posits may be entered by an agent into its Proposal Spate
then read at a later time by other agents, just as potentiarbu
may read a listing of goods for sale on a bulletin board [2.3PP
adds to Tuple Space theory the notion of private-write, joutglad
spaces, a concept taken from the Commitment Stores of fatimal
alogue games. The rules governing insertion and deletiposifs
from the Deal Store are also motivated by the rules of fornal d
alogue games, where particular combinations of utterantag
have effects on the Commitment Stores of dialogue partitipa
In addition, the requirements of joint creation and jointagation
imposed by the protocol rules make as default the conditidrish
appear as exceptions in Singh’s framework.

PSP ensures the requirements arising from agent autonamy ar
met: No proposed commitment becomes binding until all these
quired to agree to it do so; and once it becomes binding, it can
only be revoked with the agreement of every relevant pantgalch
case the specification of which agents are required is giyethéd
rules of the governing institution. Moreover, in anothdtagtion of
agent autonomy, there is nothing in the PSP which precludsissp
being entered in the Deal Store which express conflictingnaitm
ments. If agents wish to propose or accept mutually-incaiiiea
commitments, then they are free to do so. Of course, othettage
recognizing a conflict in the commitments made by a first agent
may refuse to accept such posits from it, thus preventinggtpesit
becoming binding.

4.2 Semantics of PSP

Having defined an abstract language in our theory of positespa
we now consider its semantics. Aaxiomatic semanticsfor a
programming language [26] defines the pre-conditions arst- po
conditions for each locution, as in the Semantic LanguagefSL
the FIPA ACL [6]. We give an axiomatic semantics for the locu-
tions of PSP in terms of the beliefs and intentions of theigart
pating agents, and this is presented in the Appendix. Bedhese

on the machine, each locution acting to alter the machirtate s
Given specific internal architectures for the agents in fstesn
(such as a BDI architecture) it would be straightforward edirte

an operational semantics for the locutions of PSP, in theesaay

as has been done for social commitments in [31] and for a multi
agent purchase negotiation protocol in [15]. Because wieedeSP

to be applicable regardless of the internal architectuthepartic-
ipating agents, we have not developed an operational sexnoit
the protocol.

4.3 Example

We present a simple example of a dialogue between agents usin
PSP to propose, accept and modify joint commitments. Assume
three agentsP;, P» andPs are engaged in a negotiation, and agent
P, proposes a set of commitments described in a pesiSup-
pose this posit is accepted by the other two agents, and #ws b
comes binding. Assume further that agéhtsubsequently wishes
to modify one of the commitments containedanwith the modi-
fied posit denoted g8. Agent P therefore suggests the revocation
of « and the adoption 0. The interaction under PSP between
these agents could proceed as follows. Here we have numbered
the utterances in order, and indicated in italics any effect the
contents of spaces.

1: PROPOSE(P;, a)
Posita entersPS(P;).
: ACCEPT(P,, PS(Py), )
Posita entersPS(Ps).
: ACCEPT(Ps, PS(P,), )
Posita entersP.S(Ps), and then also the Deal Space.
: SUGGEST.REVOKE( P,, )
5. PROPOSEP,, 8)
Posit3 entersP.S(P»).
6: RATIFY -REVOKE( Py, )
: ACCEPT(Py, PS(P,),3)
Posit3 entersP.S(Py).
8: PROPOSEPs,7)
Posit~y entersPS(Ps).

In interactions involving proposed amendment or candehabf
binding posits, the generality of the Posit Spaces Protpeohits
great representational flexibility. For instance, in thi@mple,
once the deal regarding is struck, each agent has complete free-
dom regarding the order in which they utter subsequent imesit

At utterance6, we see agenP; signal its acceptance for the re-
vocation ofa. However, this posit will not be revoked until agent
P; also signals acceptance. But in utteraB¢cegentPs has de-
cided to propose an alternative posit,instead; perhap#s does



not wish to revokex until agreement has been reached on an al- marked uniquely with that agent’s identifier. This would ugg
ternative. Agents may have tactical or strategic reasomsefer only n utterances to create a joint commitment. However, if agents
some sequences of locutions over others when modifyingvokre are precluded from impersonating others, this would bevadpnt

ing posits, and the flexibility of the protocol permits agetat select to partitioning the Tuple Space inte components, one for each

the most appropriate sequence according to circumstances. participant, working in the same way as Proposal Spaces.
The application of Tuple Spaces to the design of an e-conemerc
5. COMPARISON OF PSP listing board described in [21] requires agents to share fre

vate message ports with one another to finalize a negotitten
begins in the public interaction space. PSP, through thelgar-
titioned Proposal and Deal Spaces and explicit rules réayattie
5.1 PSP and Tuple Spaces making, modification and revocation of commitments can ensu
both privacy and compliance with the rules of the governimgji
tution. This may be important if other agents, such as régnja
authorities, require oversight of any transactions cotaple

We now consider the relationships between both PSP and Tuple
Spaces, and between PSP and Singh’s commitments framework.

One could ask whether Tuple Space theory could provide a com-
putational model for e-commerce. Indeed, it has previobsign
proposed for this domain [21]. How could this be achieved@mg
could use theutlocution to propose commitments, thead locu- 5.2 PSP and Commitments
tion to consider them, and tte locution to accept them. The only
drawback is that, for any tuple, the tuple space has only tates:
the tuple is either present in the tuple space or it is abJédmits, for
commitments involving actions by only two agents, this igfione
agent proposes a commitment and one other agent from a gfoup o
agents either accepts it or does not. Thus, in the examp21f [
sales are proposed by sellers and individual buyers eitterpa
them or do not.

However, if the commitments involve promises by more tham tw
agents, say by agents, then there a& ! possible outcomes to
any one proposal, since every agent involved other than rilve p
poser may accept or reject it. Since, for any given tuple,pietu
space has only 2 states, Tuple Space theory cannot exgra&s &l
possible outcomes, whenever> 2. A clumsy alternative would
be for the proposing agent to use thé locutionn — 1 times, with
each utterance containing almost the same tuple, the ofir-di
ence being some field indicating which of the- 1 other agents
was to consider the tuple. In this approach, the space2has
possible states, and so could expres2the' possible possible re-
sponses to the proposal. But what is to stop an agent — matavol
or badly-coded — using thia locution to remove from the space
one or more of the tuples which are intended by the proposer fo
consideration by other agents. Here, #e ! possible states of the
space have more th&*~! meanings, since the absence of a tuple
following its insertion into the space could mean that theigleated
agent accepts it, or it could just mean that another agerdéiated
it. Rules permitting only the designated agent to deletegpkefas
in Law-Governed Linda, would thus be required.

Suppose that a commitment involvimgagents is agreed in this
way. Thus, alln — 1 versions of the tuple have been legitimately
removed from the tuple space, thereby indicating the ageeem
of the designated agents to the proposed commitment. Seppos
in the fullness of time, that one agent wishes to amend orkeevo
the commitment. How is this to be done? There is no publicly-
accessible record of the commitment, since the tuple is ngeo
present in the shared space; so the agent would need towutter 6. CONCLUSIONS
1 out locutions, each with a version of a tuple which contained In this paper, we have defined e-commerce in a manner which
a proposal to amend or revoke the original commitment. Thus, distinguishes it from traditional commercial activitiestmediated
for a proposed commitment which was accepted by all agemds, a electronically. Our definition emphasizes the perforneatmature

We also consider the relationship between PSP and the frame-
work of Singhet. al for commitments, which we summarized in
Section 3.3. Commitments are created when they enter the Dea
Store, which occurs when they are placed inside the ProfStseds
of each agent required to indicate acceptance. This camesp
to the creation of a commitment, equivalent to the definitddn
Singh’sCreatelocution. For the other five operationBischarge,
Cancel, Release, Delegatmd Assign PSP enables each of these
via the removal and/or amendment of commitments in the Deal
Store. Such actions need the agreement of all parties ezhjuir-
der the rules of the governing institution; in e-commercpliap-
tions this would include all parties to the original commémh, and
all new parties in any amended version (such as a new assignee
or delegatee). In Singh's framework, by contrast, as meatian
Section 3.3, the default position is unilateral amendmdistharge
or revocation, with meta-commitments and the instituti@oatext
covering special cases.

Another difference is that PSP makes no explicit distincte-
tween delegating, assigning or amending a commitment. eThes
involve syntactical differences between commitments (a@dce
posits) with semantic consequences, and each is achiebhableyh
a succession of utterances proposing a new posit and reyekin
prior one, as shown in Section 4.3. PSP also makes no distinc-
tion between discharging, cancelling and releasing a comenit,
actions which involve semantic but not syntactical differes be-
tween posits in PSP. Each is achievable through revocafitre.
importance of such semantic distinctions will differ by titigion,
by occasion (such as the dialogical context of the utteignaed
by posit, and so we believe a model aimed at generality needs t
abstract away from these distinctions. In any particulaecahe
agents engaged in an interaction will bring to bear whateoer
siderations they deem relevant to their decision to accaicplar
posits or particular revocations.

then revoked by all, Tuple Space theory would requife — 1) of the utterances between the participants in an electnoaic
utterances. To achieve the same effect, PSP, by contrastdwo ketplace: these utterances express statements abouwd adiion-
require only oné®ROPOSHocution, and:—1 ACCEPTlocutions, commitments by the participants, and become true by virtleo
one SUGGESTREVOKEandn — 1 RATIFY.REVOKElocutions, ing uttered. Their external meaning depends on the inistitat and

i.e., 2n utterances in all. If there are three or more agents, i.e., if dialogical context in which they are uttered, and is cregvatly

n > 2, then PSP is more efficient than tuple spaces used in the wayand incrementally by the participants in the course of timarac-
described here. Of course, a more efficient use of Tuple Space tion. We then proposed a novel conceptual model for e-commener
would be for the proposer to insert just one tuple, and foryeve activities, which we call Posit Spaces theory. Defining theut
other agent to indicate its acceptance by inserting andtie, tions and the syntactical rules for their use in this modekgss a



multi-agent interaction protocol, the Posit Spaces Pait(RRSP).
In this paper we also articulated an axiomatic semanticB 8.
PSP draws on three strands of prior research: (a) Gelesfiter’
ple Spaces theory of distributed computation, from whichteak
the concept of spatially- and temporally-decoupled ptstdata
stores as a model for distributed computation; (b) the usgonfi-
mitment Stores in the formal dialogue games of philosopHhyis T
notion provided us with private-write, public-read storésereby
enabling commitments to be proposed and accepted, andveth t
motivation for rules which lead to commitments becomingiivig
once certain utterances are made; and (c) Singh'’s treattheoin-
mitments in multi-agent systems as promises to maintaioltiese
specified world states, and which provided a formal framévior
their representation and a defined set of operations ovar.the

The PSP framework meets the criteria we presented in Section

3 for a computational model of e-commerce. It is clearly gen-
eral enough to support all forms of electronic commerciahs$r
action, from auctions to unstructured argumentation-thasgoti-
ations. By using shared spaces in a manner which extendg Tupl
Space theory, PSP permits the spatial and temporal deogupfi
communications between the agents involved. It supportéi-mu
agent interactions and, for commitments involving threenare
agents, does at least as efficiently as Tuple Space theorgadVier,

the inclusion of a specific locution for proposing commitrigesn-
ables the incremental search for deals. Similarly, therjpm@tion

of specific protocol procedures for the creation and revooatf
commitments tied to the rules of the electronic institutimvern-

ing the agent interaction makes explicit the permissionsiired

for commitments to be made and unmade. Thus, the protocel sup
ports a notion of e-commerce commitments as performatioes;
plementing Singh’s model of multi-agent commitments. #acly
supports an incremental and joint search for deals.

In e-commerce research considerable attention has foarsed
design of electronic marketplaces and institutions, anaesof this
is formal, e.g. [14, 19, 22, 30]. However, such researchclipyi
aims to model a particular type of interaction, such as aunstor
argumentation-based dialogues, and not to capture ak tyjpelec-
tronic commercial transactions under the one formalisne Fbsit
Spaces model is sufficiently general to capture any type of-co
mercial interaction. Moreover, some work, such as [14] eapp to
conflate locutions uttered in an electronic interactiorhwite ac-
tions in the real-world which are promised to follow subseuly.
Our approach, treating statements in the electronic ictiera as
speech-act performatives, does not do this.

A key feature of the Posit Space approach is the view that a
multi-agent interaction which aims to achieve a commeitcaais-
action involves the joint search through a deal space whioserd
sions and contents are constructed incrementally. Reledek in
agent communications theory includes [23], in which agémntmn
open agent system jointly agree an axiomatic semanticshfor t
agent communications language utterances they will useno c
municate. However, [23] assumes the agents involved athsitn
a common semantic space, and then together assign parficula
cutions to specific points in this space. Such a structurddwoot
appear to permit an incremental construction of the semaptce
itself. In contrast, an incremental construction is pdssitith the
Protocol for Proposal®f [7]. But this protocol, since it arises from
the conversational policies rather than the dialogue gaatition
in agent communications, governs only dialogue segmendsnat
entire dialogues; moreover, it is also unclear howRnetocol for
Proposalsoperates for commitments involving more than two par-
ties.

Future work on PSP will proceed along several directionstlyj

we aim to use the Posit Space theory to represent existirtgpauc
and argumentation protocols for electronic negotiatidmis Tvould
provide a test of the practical usefulness of the model. Hyoti-
ation middleware developed in [2], for example, would bediga
represented in PSP. Secondly, we aim to develop a denathtien
mantics for PSP, perhaps using graph theory or categoryythsm
as to gain a better understanding of the formal propertiethef
protocol. It should also be straightforward to express #tieraatic
semantics we have given in the Appendix using modal oper&vor
beliefs and intentions, similarly to the modal semanticsoBthe
FIPA ACL [6]. Thirdly, we aim to study the possible strategfer
agents using the Posit Spaces Protocol, so as to providargéd
in negotiation contexts.

Appendix

We now present an axiomatic semantics for PSP:

e PROPOSER;, )

Pre-conditions:SpeakerP; intends that each participaft,
j # i, believe thatP; desires to transact the deal described
by the commitments contained in

Post-conditions:Each participantP;, j # i, believes that
participantP; intends that each participaff}, j # 4, believe
that P; desires to transact the deal described by the commit-
ments contained in.

Posit StoresPosita is added taPS(FP;), the Proposal Store
of speakerP;.

ACCEPT(P;, PS(P;), o)

Pre-conditions:SpeakerP; intends that each listené, i #
Jj. believe thatP; desires to transact the deal described by the
commitments contained ia.

Post-conditions:Each participant®?;, ¢ # j, believes that
participantP; intends that each participaft, i # j, believe
that P; desires to transact the deal described by the commit-
ments contained ir.

Posit StoresPosita is added taPS(F;), the Proposal Store
of speakerP;. In addition, when the particular participants
or the requisite number of participants specified by thesrule
of the governing institutiolf have uttered this locution, the
posita is added to the Deal Stor®S (P, .. ., Py, 7).

DELETE(P;, @)

Pre-conditions:SpeakerP; intends that each participaft;,
j # 1, believe thatP; no longer desires to transact the deal
described by the commitments containedvin

Post-conditions:Each participant?;, j # 4, believes that
participantP; intends that each participaf, j # 4, believe
that P; no longer desires to transact the deal described by the
commitments contained in.

Posit Stores:Posita is deleted fromP S(F;), the Proposal
Store of speakep;.
SUGGESTREVOKE( F;, @)

Pre-conditions:SpeakerP; intends that each participaft,
j # 1, believe thatP; no longer desires that the commitments
contained inx be fulfilled.

Post-conditions:Each participant?;, j # 4, believes that
participantP; intends that each participaff}, j # 4, believe
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that P; no longer desires that the commitments contained in
a be fulfilled.

Posit StoresNo effect.

RATIFY _REVOKE( P;, o)

Pre-conditions:SpeaketP; intends that each participaft,
i # j, believe that?; no longer desires that the commitments
contained iy be fulfilled.

Post-conditions:Each participant®;, ¢ # j, believes that
participantP; intends that each participaf, i # j, believe
that P; no longer desires that the commitments contained in
a be fulfilled.

Posit StoresWhen the particular participants or the requisite
number of participants specified by the rules of the governin
institutionZ have uttered this locution, the positis deleted
from the Deal StoreDS (P, ..., Py, Z).
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