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Abstract - Support for negotiations in electronic markets is one of the primary issues in today’s e-commerce
research. Only few activities, however, are focused on the design issues of electronic negotiation scenarios
– e.g. the protocol to choose, obligations and responsibilities of the negotiating parties etc. However, an ex-
plicit negotiation design can also address what is commonly referred to as the ontology problem of elec-
tronic negotiations: how can be ensured, that the negotiating parties have the same understanding regarding
the issues that are subject to the negotiation?
The solution this paper proposes is to perform a communication design for electronic negotiations, which
explicitly specifies the common syntax and semantics, the logical space, of the negotiating parties. Further-
more, XML Schema is suggested as mechanism for the runtime representation of the logical space and the
validation of actual negotiations from a syntactical and semantical perspective. On the basis of this ap-
proach organisations creating an electronic market or sellers intending to offer their buyers the possibility to
bargain, can design and generate support mechanisms for electronic negotiations in a flexible and efficient
way.
The communication design meta-model presented is part of SILKROAD, a design and application framework
for electronic negotiations.
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1. Introduction
Let us assume, a new electronic market for multiple sellers and buyers is being created. Due to the nature

of the goods traded, price-focused discovery mechanisms such as auctions are not applicable because an
agreement between a seller and a buyer has to consider both, multiple attributes of the good (e.g. the qual-
ity) as well as terms and conditions of the transaction such as the delivery time or the return policy.

A critical factor for the efficiency of the future negotiation processes and the success of the potential set-
tlements is an agreement about how the issues of a negotiation (attributes, terms and conditions) are repre-
sented as abstract objects in the negotiation and what this representation means to each of the negotiating
parties. If, for instance, party X offers a delivery date of ‘12/10/2000’  for a workstation to party Y, one po-
tential conflict arises if this syntax is misinterpreted by Y as ‘October 12’  whereas X intended to offer ‘De-
cember 10’ . A semantical problem could occur if the meaning of this date to X is the point in time where the
product leaves the premises of X, whereas Y assumes that this is the date where the workstation arrives on
the premises of Y. This problem is referred to as the ontology problem of electronic negotiations [1].

The creation of an electronic market can be structured along the typical system development phases of
analysis, design and implementation. The design activity has to comprise the agreement mechanism, which
is used to match sellers and buyers. Choice and further specification of this mechanism will vary depending
on the requirements identified in the analysis phase. In the implementation phase, the design of the agree-
ment mechanism is then mapped to a technical architecture and application system.

However, if the agreement mechanism requires negotiations between buyers and sellers, there exist no
common means for the market creator to reason about the potential range of agreement mechanism design
with its stakeholders. In 1991, Holsapple et al. [2] already identified this need for general models of nego-
tiations, which could be used to characterise the nature and process of the negotiation, formalise its aspects,
and are flexible to describe a wide range of possible structures and interactions. Nevertheless, modelling
aspects have still been neglected in related research, with the undesirable consequence that it is difficult to
discuss agreement mechanisms on a conceptual level, and that design efforts cannot be reused and refined
in the implementation phase in a formal way.

This lack of support for the design of agreement mechanisms is the underlying motivation for the
SILKROAD project. The SILKROAD framework can be used, for instance, by electronic market organisations,
negotiation service providers, or e-commerce sales systems, for the design and implementation of electronic
negotiation support. One deliverable of this project, the communication design meta-model for the specifi-
cation of the common object syntax and semantics in a negotiation is presented in this paper.

After referring to theoretical foundations of this work in the introductory section, the approach chosen for
SILKROAD will be illustrated in more detail in Section 2. The meta-model stages of conceptual and inte-
grated communication design are outlined in Sections 3 and 4. The consecutive generation of XML sche-
mata is then presented in Section 5, whereas the usage of these schemata at runtime is the subject of Section
6. Lastly, conclusions and related work are discussed in Section 7.

The concept of media

In SILKROAD, the notion of media and the media reference model [3] are used to conceptualise electronic
negotiations. Media are platforms where the exchange of tangible or intangible objects is coordinated
through agent interaction. These platforms can be described in terms of three main components:

• Channels:
Agents access a medium via channels that can transport the objects to be exchanged.

• Logical space:
The syntax and semantics defined for the objects, which the agents exchange.

• Organisation:
Roles describing the types of agents and protocols specifying their interactions.

An electronic medium in particular is a medium with electronic (digital) channels that transport data. The
agents, however, still might be humans or organisational units and do not necessarily have to be software
agents.

The media reference model (see Figure 1) identifies several phases of interaction. In the knowledge phase,
agents gather information concerning the products offered or the profiles of other agents. The interface be-
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tween the intention phase, where supply and demand is specified, and the agreement phase, where the terms
and conditions of a market transaction are negotiated, is an offer [4].

If at least one agent submits an offer, the agreement phase is initiated. In the simplest case another agent
merely has to accept this offer in order to reach an agreement. Upon agreement, the transition to the settle-
ment phase is marked by a signed contract. Negotiating takes place when, based on the offers made in the
intention phase, an agreement cannot be reached, or the initial agreement has potential for optimisation and
the agents want to discuss their offers. From the perspective of one agent, negotiating is characterised by the
modification of its own offer or the efforts to change another agent’s offer.

An electronic medium, supporting negotiation processes in the agreement phase, is denoted an electronic
negotiation medium (ENM). The primary goal for the SILKROAD framework is to facilitate the design and
implementation of electronic negotiation media.
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Figure 1: Agreement phase in the media reference model [3].

Media design

Following the concept of media, the design of ENM has to consider three dimensions [5]:
• The organisational design describes the roles and protocols that will be supported by the ENM.
• The communication design is necessary to structure the logical space for the agents using the ENM.
• The IT design addresses the architecture of technical channels and interfaces.

The SILKROAD framework aims to support all of the introduced design dimensions. The emphasis in this
paper, however, is on the communication design aspects.

2. SILKROAD approach
On a technical level, the SILKROAD framework can be classified as an application framework [6] with a

set of reusable service components. But it is more than merely the skeleton of an electronic negotiation me-
dium, which can be customised to specific scenarios. The framework is complemented by a design ap-
proach. In SILKROAD, The process of designing an ENM is structured according to an action model, which
uses three main constructs:

• Organisation design meta-model (ODMM):
This meta-model supports, but also constrains, the process of designing concrete organisational mod-
els of negotiation media. It allows the specification of the structure (roles) and behaviour (protocols)
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of ENM by providing pre-defined types of entities and interactions. Service component entities ex-
plicitly represent the functionality of the underlying negotiations service architecture on a conceptual
level (see Section 4).

• Communication design meta-model (CDMM):
The aim of this meta-model is to assist the design of the logical space of an ENM. It provides the
means to express syntactical and semantical specifications compliant to the service architecture func-
tionality.

• Negotiation service architecture framework (NSAF):
This architecture provides several configurable and interoperable service components that can be used for the
implementation of negotiation media that have been conceptualised and designed on the basis of the ODMM and
the CDMM.

The SILKROAD action model (see Figure 2) distinguishes between a conceptual design and an integrated
design. The integrated design does not add more detail to the conceptual design in the sense that models are
further refined, but links the organisation and communication design, thus building a unified, consistent de-
sign model for ENM. By emphasising these two distinct design activities, the complexity of the final media
IT design and implementation is significantly reduced. On the basis of the integrated design, runtime speci-
fications are generated, which specify and control the integration of the existing architecture framework
components. For the communication design these runtime specifications are XML schemata. Organisation
and communication design can evolve concurrently – an explicit order is not necessary.
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Figure 2: SILKROAD action model.

3. Conceptual communication design
The goal of the conceptual communication design is to structure the logical space of an electronic nego-

tiation medium from a business perspective. The central objects of the communication design are the offers
exchanged in a negotiation. Offers are the primary means of communication in the agreement phase (see for
example [7]) and in the SILKROAD framework are the only supported type of structured interaction.

In SILKROAD’ s communication design meta-model the design of offers is separated into the definition of
offer ontologies for the semantical aspects, and the specification of offer states for the syntactical aspects of
a negotiation.

Offer ontology design

Ontologies are formally specified models of knowledge, which can be used to share semantics among a set
of agents. In a negotiation medium the agents are the negotiating parties and the semantics apply to the rep-
resentation of negotiation objects. An ontology defines the concepts describing a certain domain and the
relationships that hold between them [8]. It can be represented as a hierarchy of concepts.
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Figure 3 illustrates an (incomplete) example for such a hierarchy of concepts in the domain of computer
hardware. A notebook, for instance, is a sub-concept of a computer and accordingly inherits the properties
(attributes) of computer, which are in this example the CPU clock speed, the type of the media drive etc.
Notebooks are also sub-concepts of monitors, thus inheriting another set of properties (e.g. the display
resolution). Properties in the ontology have a certain type and can be constrained, thus allowing only certain
property values (in the example the CPU clock-speed is constrained to range between 300 and 1200 MHz).
Relations between concepts complement the ontology. An example for such a relation is that the CPU of
notebooks needs to have power management functions. It is possible to infer new knowledge on the basis of
given facts. An agent could derive, for instance, that if a certain CPU is offered with notebooks, it must
have power management functions. Terms and conditions such as the delivery time or the return policy are
also included in the ontology and can be re-used for multiple domains.

The effort to design and establish an ontology for the negotiation medium can be significant, as agents
have to agree (in a social process) on this common terminology (see for example [9]). In other words, before
an ontology can be used in the agreement phase, the agents have to negotiate on a meta-level the structure,
meaning, and content of this ontology – their common language.
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Figure 3: Ontology example.

Offer state design

From a behavioural perspective, an offer can, during the agreement phase, have different states of formal-
ity such as proposal, binding offer, or contract. For each offer state the respective level of formality is rep-
resented, e.g. by disallowing structural elements for the offer construction.

The basis for the offer state design is a generic offer syntax specification developed for SILKROAD [10].
This syntax defines the notation for a number of structural offer elements such as attribute domains (e.g.
price < $1000) or evaluation criteria (e.g. utility[price,$800]  = 0.4).

In the SILKROAD framework, agents, using this notation, construct offers-to-buy or offers-to-sell. De-
pending on the organisation design of the ENM, agents can or cannot, for instance, counter the offer of an-
other agent by deriving a new offer, which disputes some of the elements of the original offer. With the of-
fer state design, the set of available offer elements for the offer construction or modification process can be
controlled.

In the CDMM the following offer structure properties with associated sets of property values are available
to represent an offer state:

• Signatures (none, buyer, seller, both)
• Timestamps (none, start, end, both)
• Domains (attributes, values, ranges, dynamic)
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• Constraints (basic, negotiable, weighted, _1)
• Counters (none, one, many, _)
• Criteria (none, importance, utility, functions)

Details regarding the semantics of these properties can be found in [10]. To give an example, the value
dynamic for the property Domains explicitly allows an agent to define the range of values for a domain in
an offer-to-sell, only if the agent knows more about the agent interested to buy. A typical example can be
found in the insurance industry, where quotes are usually dependent on the age, medical record, driving ex-
perience etc. Another example is the negotiable value for the Constraints property. It allows an agent to ex-
press the intention to concede on this offer attribute if he/she is compensated on another attribute, thus ena-
bling tradeoffs between buyer and seller. As more and real world experiences with the set of properties are
gained, this scheme will continuously be re-evaluated for completeness and consistency.

For the compressed representation in state diagrams and the consecutive runtime representation generation
process, these properties are encoded with two bits each, enabling the expression of complete property set
specifications for a certain state of an offer with 12 bits:

Property encoding: 01 11 10 10 00 10bin

Property decoding: seller signature
start and end timestamps
attribute values
negotiable constraints
no counters
utility evaluation criteria

Property specification is performed on two levels, required offer properties and optional offer properties
as shown in Figure 4.

Offer: buy
State: Initial
Required:
00 00 00 00 00 00
Optional:
10 01 01 00 01 00

Offer: buy
State: Signed
Required:
01 00 10 00 00 00
Optional:
10 01 10 00 00 00

Offer: buy
State: Weighted
Required:
00 00 00 00 00 11
Optional:
10 01 01 01 01 11

Offer: buy
State: Final
Required:
00 00 10 00 00 00
Optional:
10 01 10 00 10 00

Figure 4: Offer state chart example.

In this sample state design for an offer-to-buy, value ranges can, but do not have to be specified in the ini-
tial offer from the buyer. The same is true for counters – multiple counters are permitted. This changes in
the weighted state (in Figure 4 changes are indicated with bold fonts). Now importance ratings and utility
functions are required and constraints can optionally be negotiable and weighted. In the final state, value
ranges are no longer possible and the offer is restricted to optionally one counter, whereas in the signed
state a seller signature is required. The same specification is necessary for an offer-to-sell where the states
could be, for example, final, matched, scored, and signed (see Figure 5).

Conditional expressions for the transitions between the states of an offer are not included on this concep-
tual level. This is part of the integrated design as illustrated in the next section.

                                                     
1 The property value ‘_’  indicates that this value is currently not used
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4. Integrated communication design
Two tasks have to be performed in this design activity:
• relating the offer to an ontology domain, and
• linking the offer states to the processes in the negotiation medium organisation design.
For the first task the offer needs to be assigned to one or multiple concepts in the ontology. If a concept (e.g. com-

puter) has sub-concepts (workstation, notebook, etc.), the offer can be issued for any of the sub-concepts as well. This
assignment guarantees that the content of the offer can be validated semantically against the specification in the ontol-
ogy. Hence, only properties related to the concept chosen can be used in the offer description.

In Figure 3, the offer is assigned to the notebook concept. Accordingly, only constraints for properties re-
lated to notebook, such as display resolution or CPU clock-speed can be used in the offer construction.

The second integration task requires the primary deliverable from the organisation design for the ENM –
the agreement scenario. One agreement scenario represents all processes and roles necessary to support in
the agreement phase of an electronic transaction. Specific to the SILKROAD organisation design meta-model
is, that services of the underlying negotiation service architecture framework, such as the match or score
service can be referenced in the protocol specification and thus, become an integral part of the agreement
scenarios designed. Other entity types used for the organisation design are agents, communicative acts, and
offers (a detailed description of the ODMM can be found in [11]).

To demonstrate how offer states are linked to the processes in the organisation design, the example intro-
duced in Figure 4 is re-used. Let us assume the excerpt of an agreement scenario in Figure 5 was specified
in the organisation design. Agreement scenarios in the ODMM explicitly reference the states defined in the
respective offer-to-buy and offer-to-sell state charts. Two states from Figure 4 are referenced (indicated
with lighter grey colour). In this example, the buyer (depicted as BH) submits an offer-to-buy (step 2) in the
state initial to a match service component, which matches it against offers-to-sell in the state final. If any of
these offers-to-sell are compatible to the offer-to-buy they are returned (step 3) to the buyer in the state
matched. Looking at the matching results the buyer can then submit in step 4 the original offer-to-buy, in
the state weighted to a score service. It was defined for this state that importance ratings and utilities are re-
quired, whereas negotiable constraints are optional. On the basis of these evaluation criteria the scoring
service calculates aggregated utilities for the matching offers-to-sell and returns an ordered set of scored of-
fers-to-sell back to the buyer (step 5). This process also illustrates how transitions for the offer states are
specified in the detailed design. The transition from the matched state to the scored state of an offer-to-sell
is marked by the successful operation of the score service.
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The integration of the offer states into the organisation design’s agreement scenarios, supports checking
the resulting negotiation media model for completeness and accuracy from a structural and behavioural
point of view. The subsequent step is the generation of executable representations for this communication
design.

5. Generation of XML schemata
This section describes, how the communication design is transferred to XML schemata, which can be used

to validate the compliance of actual negotiations to the communication design at runtime.
XML Schema is a new W3C working draft, which was published on April 7, 2000 for review by the pub-

lic and by the members of the World Wide Web Consortium [12].
Schemata are used to specify classes of XML documents by describing the document structure in a much

richer way than is possible on the basis of document type definitions (DTD) [13]. With the basic vocabulary
and predefined structuring mechanisms of XML Schema, fine-grained constraints on XML documents can
be defined, thus enabling rich automated validation. The primary advantages of using XML schemata com-
pared to DTDs are that it is possible to express hierarchies of data types, and that schemata themselves are
XML documents. Hierarchies of types are critical for the schema generation process in SILKROAD as de-
sign-specific types are derived from a set of generic types. Due to their XML nature, schemata can be cre-
ated in the same way (with the same tools) as traditional XML documents. Accordingly, it is not necessary
to build an automated schema generation process from scratch.

In SILKROAD, schemata are used to represent the logical space design of electronic negotiations at runtime
so that offers submitted to the ENM can be validated for syntactical and semantical correctness. For each
offer ontology domain and state, a customised schema is generated. The basis for the generation is the basic
SILKROAD syntax. A snippet of this base schema is illustrated in Figure 6.

<complexType name="CONTAINER" content="elementOnly">
<element name="AGENT" type="xsr:AGENT" minOccurs="1" maxOccurs="2"/>
<element name="OFFER" type="xsr:OFFER" minOccurs="1"
maxOccurs="1"/>
<element name="OFFER_CONSTRAINT" type="xsr:CONSTRAINT"
minOccurs="1" maxOccurs="unbounded"/>
<element name="COUNTER_CONSTRAINT" type="xsr:CONSTRAINT" minOccurs="0" maxOccurs="unbounded"/>

</complexType>
<complexType name="AGENT" content="empty">

<attribute name="ID" type="string" use="required"/>
<attribute name="SIGNATURE" type="string" use="optional"/>

</complexType>
<element name="DOMAIN" type="xsr:DOMAIN" abstract="true"/>
<complexType name="DOMAIN">

<element name="OPERATOR" type="xsr:OPERATOR" minOccurs="0" maxOccurs="1"/>
</complexType>

Figure 6: Base schema.

The base schema defines fundamental constraints such as ‘one, but not more than two agents can be asso-
ciated to an offer’  or ‘an offer needs to have one or more constraints’ . Overall, the base-schema defines all
possible offer configurations supported from a structural point of view by the underlying architecture. To
generate a state- and ontology-dependent schema, additional constraints are derived from the design specifi-
cation.

In the next sections, the derivation and customisation mechanism, which underlies the automated schema
generation process in SILKROAD, is outlined.

State-dependent customisation

The scenario-specific offer state design leads to a set of additional restrictions to the base schema. To re-
strict a schema, the following generic XML Schema mechanisms are used in the generation process:

• Deriving types by extension or restriction.
• Changing attribute use from optional to required.
• Forbidding the use of attributes with prohibited.
• Assigning fixed values to attributes or elements.
• Setting elements to be required (minOccurs = 1).
• Limiting the number of elements (maxOccurs = x).
• Deleting enumeration elements in simple types.

In the example in Figure 4 the final state required offers to have a signature from the agent and a maxi-
mum of one countered constraint. In the corresponding final-state schema the agent and the container type
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are restricted respectively. In Figure 7 use for the SIGNATURE attribute declaration is required and maxOc-
curs for the COUNTER_CONSTRAINT is set to “1” .

<complexType name="CONTAINER" content="elementOnly">
<element name="AGENT" type="xsr:AGENT" minOccurs="1"
maxOccurs="2"/>
<element name="OFFER" type="xsr:OFFER" minOccurs="1"
maxOccurs="1"/>
<element name="OFFER_CONSTRAINT" type="xsr:CONSTRAINT"
minOccurs="1" maxOccurs="unbounded"/>
<element name="COUNTER_CONSTRAINT" type="xsr:CONSTRAINT" minOccurs="0" maxOccurs="1"/>

</complexType>
<complexType name="AGENT" content="empty">

<attribute name="ID" type="string" use="required"/>
<attribute name="SIGNATURE" type="string" use="required"/>

</complexType>

Figure 7: State schema.

Depending on the state properties specification in the conceptual communication design (see Section 0) the same
procedure is applied to other types defined in the base-scheme. To restrict, for instance, the domain structure to allow
no value ranges, all elements of the OPERATOR enumeration for a domain (‘>’ , ‘<’  etc.) except the ‘=’  operator are
deleted.

The result of this customisation step is the generation of a set of schemata, one for each offer state, defin-
ing own namespaces and constraining XML documents from a syntactical perspective. In the next step, se-
mantical constraints are added.

Ontology-dependent customisation

The completed state-dependent schema is included (using the include schemaLocation directive in XML
Schema) in a new ontology-schema specification (which shares the namespace with the state-dependent
schema).

Then, for each (inherited or native) attribute of the ontology concept chosen for the offer, a new type is
derived by extension, from the DOMAIN type in the state schema.

Deriving by extension is comparable to the inheritance mechanism in object-oriented programming lan-
guages in the sense that additional elements or attributes can be added or specifications of the super-type
can be overwritten. As the DOMAIN type is declared to be abstract in state schemes, only these new se-
mantic domain types can be used for the actual offer specification.

In Figure 8 examples for two new ontology-dependent types are given. The CPU type represents the CPU
property of the Computer concept in Figure 3 with its associated constraint for the clock-speed, which is
specified as a range of integers in XML Schema. For the other DOMAIN derivation, the HARDDISK type,
an XML Schema pattern is used to define valid values.

In addition to these new types on a domain level, the ontology concept selected for the offer and, if appli-
cable, the related sub-concepts are derived by restriction from the state-schema type CONTAINER. If offers
are constructed according to the ontology-state schema, concept-specific container types such as
NOTEBOOK in Figure 8 are used as root elements of the XML document. If necessary in the context of the
domain, additional restrictions can be applied to these concept types.

<element name="DOMAIN_CPU" type="xsr:CPU" equivClass="xsr:DOMAIN"/>
<complexType name="CPU" base="xsr:DOMAIN"derivedBy="extension">
<element name="VALUE" minOccurs="0" maxOccurs="1">

<simpleType base="integer">
<minInclusive value="300"/>
<maxInclusive value="1200"/>

</simpleType>
</element>
</complexType>
<element name="DOMAIN_HARDDISK" type="xsr:HARDDISK" equivClass="xsr:DOMAIN"/>
<complexType name="HARDDISK" base="xsr:DOMAIN"
 derivedBy="extension">
<element name="VALUE" minOccurs="0" maxOccurs="1">

<simpleType base="string">
<pattern value=".*GB"></pattern>

</simpleType>
</element>
</complexType>
<element name="NOTEBOOK" type="xsr:NOTEBOOK"/>
<complexType name="NOTEBOOK" base="xsr:CONTAINER"
derivedBy="restriction">

<element name="CONSTRAINT" type="xsr:CONSTRAINT"
minOccurs="2" maxOccurs="3"/>

</complexType>

Figure 8: Ontology-state schema.
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With this final customisation step, the ontology-state schema is completely generated and can be used to
construct and validate XML offer documents at runtime.

6. Runtime Architecture
Once the design of an electronic negotiation medium has been completed, the runtime representations of the design

specifications are generated. This generation process based on state-dependent and ontology-dependent customisation
has been outlined for the communication design and its representations, the ontology-state schemata. A corresponding

generation process takes place for the organisation design. On the implementation level, the runtime representations are
persisted in communication and organisation design repositories as agreement scenario policies (see

Figure 9).
The facility in the negotiation service architecture framework responsible for controlling the execution of

actual agreement scenarios in the ENM is the policy manager. It checks, depending on the state of the
agreement scenario, offers for semantical and syntactical correctness as well as actions of agents for proto-
col compatibility. If the actions and offers are compliant to the original design, the policy manager invokes
service components in the architecture framework to perform various operations on the offers.

The NSAF features a set of generic customisable service components, which automate typical agreement
processes such as matching offers or scoring offers. The way these services are integrated and invoked in
agreement scenarios of the ENM, is specified in the organisation design (see Figure 5).
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Figure 9: Runtime architecture overview.

7. Conclusions
This paper demonstrated how communication design is performed within the SILKROAD framework. The

goal of the communication design is to define the logical space of an electronic negotiation medium – the
syntax and semantics of object representations shared by agents, which negotiate the terms and conditions
of an electronic transaction. In this final section, the results are evaluated and compared to related research
efforts.

Evaluation

Referring back to the initial claims, an evaluation of the proposed approach needs to discuss two interre-
lated questions:

• Can the ontology problem of electronic negotiations be addressed by the communication design presented?
• Are XML Schema mechanisms useful to express and validate the communication design at runtime?

The result of the explicit communication design of negotiation media within the SILKROAD framework is
an ontology for the negotiation domain, and state specifications for offers related to this domain. To achieve
a common understanding of the issues that are subject to the negotiation these design deliverables can be
specified in a joint process with all agents involved in the later usage of the ENM. This will in many cases
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stimulate a negotiation about the negotiation – but this agreement among the agents about the semantics of
object representations is necessary before a final negotiation support implementation makes sense. This
agreement is less important though for the syntactical representation, as the syntax is pre-defined by
SILKROAD. The constructs used in the CDMM (ontology definitions and state diagrams) support this meta-
level agreement process, as they can be used for communication and discussion on a conceptual level.

Once the communication design has been mutually agreed, it can be transferred to a runtime representa-
tion, thus enabling the checking of a negotiation process for semantical and syntactical and correctness ac-
cording to the original design. Hence, assuming that both, the communication design and the generation of
the runtime representation are complete and correct, the ontology problem cannot occur during actual nego-
tiation processes, as violations of the agreed-upon semantics are detected. This is at least true for the agents
who originally were involved in the design process. Accordingly the admission for new agents willing to
participate in the ENM requires an acknowledgement of the logical space defined.

Whether the generation process and runtime representation is complete and correct depends largely on the
mechanisms provided with XML Schema. Various suggestions have been made to move from specific on-
tology formalisms (KL-ONE, KIF, frame logic…) towards more standardised and widely used representa-
tion mechanisms such as UML [8] or XML document type definitions (DTD). The latter approach was cho-
sen by Erdmann and Studer [13]. Evaluating their results, they already point out that transforming ontolo-
gies into XML Schema seems to be more appropriate than into DTDs, mainly because of the ability to de-
fine type hierarchies. In [14], a process for the stepwise translation of an ontology to XML Schema is pro-
posed. SILKROAD uses the same abstraction-based approach, but in comparison, the communication models
do not represent a complete ontology in a schema but only the selected set of concepts. Also, the derivation
mechanism is not used for semantical, but for syntactical aspects, which is currently a problem because the
relation of properties to concepts is lost if multiple concepts are represented in one ontology-state schema.
This might be the case if an agent intends to issue a combinatorial offer for several types of goods (e.g.
notebooks and servers). Related to this problem is also the fact that multiple inheritance cannot be repre-
sented in XML Schema. This is one of the shortcomings in the current framework, which has to be tackled
by future work.

Beyond the complete- and correctness necessary to address the ontology problem, the usage of XML
Schema provides additional advantages. As a forthcoming W3C standard, a number of powerful and widely
accepted tools such as the Xerces parser [15] can be used to create or validate XML documents adhering to
this standard. Hence, agents can easily interface with the ENM by submitting XML documents. These
documents can be edited, administered, and validated decentrally according to the internal processes of the
agent’s organisation. Though this creates a distributed and decentralised system of negotiating agents,
common integrity constraints are defined centrally using schemata. XML Schema through the control op-
tions for the derivation process, also offers the possibility of extending the ontology in a decentral way. Let
us assume, a seller agent can offer computers with new features not reflected in the current ontology such as
a DVD writer. The domain schema specification could then be extended by the agent with a derived media
drive type, which also includes an enumeration for the DVD write option. Using this extension functionality
enables maintenance of the ontology in a distributed way. But to guarantee the integrity of the overall on-
tology, the other agents certainly would have to approve such extensions.

Finally, from a technical perspective, the light-weight XML access interface to the negotiation media ar-
chitecture, which allows for decentralised schema validation and extension can be further extended across
all functionalities if, for instance, SOAP (Simple Object Access Protocol, see [15]) is used as a general
means of service invocation, which is currently being investigated.

Related work

This approach relates to work in the areas of negotiation support and semi-structured data models. From a
negotiation support view, this work is an effort situated in the area of generalised models of negotiations,
which is undertaken from an information systems foundation. Most approaches to modelling negotiations to
date stem from an artificial intelligence [16] or decision science [17] background. In addition to this, the
media concept with its explicit distinction in the communication and organisation design aspects adds a dif-
ferent perspective on negotiation support. This distinction provides an additional level of abstraction and
reduces the complexity of negotiation design to some extent.
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The idea to support a broad range of agreement scenarios with generic application frameworks is actively
researched by the Cosmos project [18] as well as within the TEM effort at the University of Montreal [19].
TEM also addresses modelling aspects, but the focus is on the protocol design, which is performed on the
basis of UML state charts with event-condition-action specifications and is represented at runtime in XMI
format. The Cosmos project, on the other hand, also investigates possibilities to formalise negotiation
strategies for autonomous agents, based, for instance, on genetic algorithms [20]. In contrast to this,
SILKROAD does not specifically address means to design or represent negotiation strategies.

Regarding syntax formalisms, related work can be found in the area of XML-based trading protocols such
as IOTP [21] or OBI [22]. The difference to SILKROAD is that these protocols are focussed on the settlement
phase of electronic transactions (see Figure 1) by providing reference expressions for payment conditions
etc. whereas the base-schema in SILKROAD defines generic syntactical structures for the agreement phase,
abstracting from the actual message content. From a semantic perspective, related approaches regarding the
representation of ontologies have already been discussed in the previous section. The author is aware of one
other negotiation support system, which explicitly relies on ontology mechanisms to structure negotiations.
It is sketched in [23] – but the description does not disclose how this ontology is created and validated.
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