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Abstract Nowadays organisations are willing to outsource
their business processes as services and make them accessible
via the Web. In doing so, they can dynamically combine indi-
vidual services to their service applications. However, unless
the data on the Web can be meaningfully shared and is inter-
pretable, this objective cannot be realised. In this paper, a
new agent-based approach for managing ontology evolution
in a Web services environment is exploited. The proposed
approach has several key characteristics such as flexibility
and extensibility that differentiate this research from others.
The refinement mechanisms which cope with an evolving
ontology are carefully examined. The novelty of our work
is that inter-processes between different ontologies are stu-
died from the agent’s perspective. Based on this perspective,
an agent negotiation model is applied to reach an agreement
regarding ontology discrepancy in an application. The effi-
ciency and effectiveness of reaching an agreement over an
ontology dispute is leveraged by the private negotiation stra-
tegy applied in the argumentation approach. An extended
negotiation strategy is discussed to enable sufficient infor-
mation in decision making at each negotiation round. A case
study is presented to demonstrate ontology refinement in a
Web services environment.
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1 Introduction

It is evident that service applications are key characteristics
of the e-business world. Service-oriented computing pro-
vides a means for different organisations to connect their
applications with one another to conduct business spanning
organisation boundaries. With an ever-increasing number of
businesses entering into e-business equipped with Web ser-
vices features, there is a trend to compose available ser-
vices on the Internet. Thereby increasing competitiveness
by taking a customer-centric paradigm. For example, a sup-
ply chain, formed by composition of existing services, is
defined as a network of facilities that procure raw materials,
transform them into intermediate goods and then finished
products, and deliver the products to customers through a
distribution system [8].

There is no denying that there are great challenges to be
faced in order to fully realise the above potential. In order
to facilitate information exchange between different organi-
sations, the first thing that urgently needs to be considered
is how these organisations understand each other based on
their individual ontologies. It is well known that an onto-
logy is the conceptual backbone that provides meaning to
data on the Web. The vision of the Web can only be reali-
sed through proliferation of well-known ontologies descri-
bing different domains. In other words, ontologies are the
foundations of service applications. However, an ontology is
not a static resource and may evolve over time, especially
where different domains are concerned. Ontologies are con-
stantly being adapted to the changing requirements, hence
are subject to continuous changes. Changes in the domain,
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conceptualisation and explicit specification can cause chan-
ges in an ontology [15]. In detail, changes can take place as
follows:

– new concepts need to be added to the ontology;
– outdated concepts need to be eliminated from the

ontology;
– the common ontology (in integration) is required to

change (e.g. add, delete, and update) with the changes
brought by new information resources; and

– better ways of organising information are available.

In a nutshell, an ontology evolves with changes in the envi-
ronment. Hence, ontology evolution can be defined as a
timely adaptation of an ontology and consistent propaga-
tion of changes to the dependent artifacts. The complexity of
ontology evolution increases as the number and the size of
ontologies grow, so an insight into potential solutions in onto-
logy refinement is required. In this paper, an agent negotia-
tion based approach is developed. We provide an innovative
solution to cope with ontology changing on the Web, which
has become a noticeable issue when innovative enterprises
advance to service applications. With the presence of agent
technologies, it is possible that involved agents are more fle-
xible and credible in their methods of modelling business
processes with interaction protocols.

To this end, this paper is presented to tackle ontology
change from a multi-agent system (MAS) perspective. It is
focused on the refinement of individual ontologies. First,
problems in ontology refinement are identified in Sect. 2.
Related work is briefly reviewed in Sect. 3. Based on the
in-depth analysis of current problems in ontology refinement,
Sect. 4 extends a strategic-negotiation model to reflect onto-
logy change in an particular environment. A refinement pro-
cess and corresponding mechanisms are presented in Sect. 5.
Section 6 presents a case study to demonstrate the proposed
approach and discusses the relevant issues of agent negotia-
tion is given. Finally, Sect. 7 concludes our work and points
out future work.

2 Problems in ontology refinement

A business environment is changing since business objectives
and resource constraints vary from organisation to organisa-
tion. A changeable environment forces underlying ontologies
to evolve over time. For this reason, ontology refinement
needs to investigate, in depth, the requirements of dyna-
mic changes in the environment and rapid development of
the Web. The research in ontology evolution is still in its
infancy [15]. Undoubtedly, there are some critical issues that
ontology management needs to address before the prolife-
ration of ontologies is made possible in the field such as

supporting semantics-based search, interoperability, service
compositions and Semantic Web applications. The major
issues are as follows:

– addressing requirements of environmental change;
– reflecting environmental change and guiding correspon-

ding ontology refinement accordingly; and
– developing an ontology refinement architecture.

The very viable and rapid growth of the Web has made
ontology change even more prominent than ever before. The
timely handling of ontology refinement and provision of a
conformance view for agents involved in a certain scenario
are thus seen as the foundations for further communication to
achieve the goal. Therefore, a much more detailed analysis of
ontology evolution becomes a higher priority on the agenda
of ontology research. In this paper, we attempt to provide
potential solutions to some of the aforementioned challenges.

Although developing procedures for reflecting ontology
change and for selecting appropriate actions to be taken by
agents in a MAS is an essential requirement for successful
applications of ontologies (e.g. ontology evolution), metho-
dologies and tools to support this complex task are largely
missing. Among available techniques, agent technique,
which promises to bring enormous benefits by permitting
the inclusion of learning and self-improvement capabilities
in an adaptive way, and participating in interaction with built-
in knowledge [17], is identified as a suitable way of coping
with ontology change in a dynamic and heterogeneous envi-
ronment. Agent interaction, a potential solution for reflecting
dynamic changes in an environment, is seen to be promising
in resolving problems such as what information is known by
agents in a MAS and how interactions can affect agents’ suc-
ceeding actions. More importantly, interactions facilitate the
semantical understanding between agents through provided
ontologies.

Given multiple ontologies for different organisations,
finding a conformance view for all participating agents in
advance seems impossible as far as heterogeneity, distribu-
tion, autonomy and evolution are concerned. A run-time solu-
tion is highly needed in this regard. In other words, we expect
that agents engaged in ontology management at run-time are
able to make decisions on how ontologies evolve by them-
selves, rather than by using previously specified rules. This
is because few rules defined a priori will be effective, given
that changes are unpredictable.

With all these problems in mind, we are seeking a seman-
tic understanding in a business scenario with the support of
agent technologies. It is worth noting that we attempt to pro-
vide a flexible solution by modelling agents’ interactive and
negotiated activities in a collaborative environment. In saying
so, our assumption is that initial ontologies should be availa-
ble. Also we do not intend to expand our work to include
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ontology change recursively. In other words, we focus on
the stage of how an agent refines its ontology in adapting to
the change of an environment rather than tracing the impact
of change propagation to other ontologies or ontology-based
applications. The core idea underlying our approach is to
provide the corresponding strategy and mechanisms to cope
with ontology evolution over time.

3 Related work

Ontologies are becoming an integral part of many industrial
and academic applications such as supporting semantics-
based search, interoperability support, service compositions
and other applications. As ontology development becomes a
more ubiquitous and collaborative process, ontology dyna-
mics management is becoming an important area of onto-
logy research. Even though coping with ontology change
is an essential requirement in ontology usage and ontology
engineering, appropriate tools and strategies for enabling and
managing evolution are still missing. Only very few approa-
ches exist.

In [13] the author presents some guiding principles for
building consistent and principal ontologies in order to faci-
litate their creation, usage and maintenance in widely distri-
buted environments.

The approach for ontology evolution given in [19] is very
interesting. In this work an ontology is used to specify the
semantics of possible changes to a knowledge base. It pres-
ents a six-phase evolution model to check the ontology after
changes have been made with the possibility of reversing
these changes. In this paper, an ontology for specifying
change operations is presented. Other major approaches are
the evolution approach and versioning approach. The former
tries to manage the problem of dynamics in its total comple-
xity, whereas the latter relies on the use of different versions
of ontologies to reduce the complication of the problem [2].
For example, Noy and Klein [15] discuss an ontology evolu-
tion system by extracting the operations from two versions
of one ontology. They develop a framework [5] for mana-
ging ontology evolution by extracting the operations from
one ontology version and transferring to another. For ano-
ther example, the KAON project (http://kaon.semanticweb.
org/) [12] is flexible, by enabling the users to control and
customise the manner in which changes are resolved. Howe-
ver, this technique requires that all change resolution strate-
gies be specified a priori. One possible solution is to allow
the system to determine its own course of action by satisfying
the user’s requirement.

Ontology evolution that can be treated as part of an onto-
logy versioning mechanism is analysed in [4]. Klein and
Fensel provide an overview of causes and consequences of
the changes in ontology. However, the most prominent

shortage is the lack of a detailed analysis of the effect of
specific changes on the interpretation of data.

Tamma and Bench-Capon [21] present an extended onto-
logy knowledge model to describe what is known by agents
in a MAS. However, the model is not used for supporting
ontology evolution.

Other research communities have also influenced the rese-
arch into ontology evolution, which benefits from many years
of research into database and knowledge-based system evo-
lution [14].

In contrast to the previous work that addresses ontology
evolution in one form or another, we go one step further
by allowing agents to take part in the evolution process and
reflect ontology change in the environment. Applying an
agent-based approach to ontology refinement is twofold.
First, it fills various gaps in understanding of a specific issue
by providing an appropriate approach to capture the diffe-
rences whenever they arise. Second, reflections from agents
have a great impact on agent which have identified a dis-
crepancy in understanding between themselves and other
agents on the basis of their ontology. In turn, this prompts the
agent to perform some managerial tasks to its ontology repo-
sitory. With widespread use of ontologies, we believe this
approach is applicable in areas such as e-marketplaces, vir-
tual organisations and service applications where interaction
plays a vital role in overcoming the problems that evolution
has faced for a long time.

4 Improved strategic-negotiation strategy for ontology
refinement

Negotiation in MAS includes a negotiation set, a protocol,
a collection of strategies, and rules [23]. In this section, a
strategic-negotiation strategy and argumentation-based
model [16,20] are detailed followed by the definition of
the agent utility function to allow an agent to estimate how
“good” the current result/state is. Negotiation here aims to
eliminate conflicts/inconsistences in order to reach an agree-
ment over specific negotiation issues. Figure 1 graphically
demonstrated that agents approach the goal gradually after
several rounds of negotiations. Obviously, developing indi-
vidual strategies which allow agents to efficiently negotiate
towards the desired goal is the primary goal of this stage.
Normally a strategy is private, i.e., each agent has its own
strategy profile which is invisible to other agents. In contrary
to reaching an agreement for a price or shipping time, the term
negotiation here is an open cry setting to reach the agreement
if conflicts in understanding each other occur. The private
strategy advises an agent what sort of reactions is appro-
priate, whereas the argumentation model allows an agent
to put forward arguments, justify the acceptability of these
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Fig. 1 Feedback-driven negotiation

arguments. As such, an ontology may be refined by the
yielded arguments. More details are below.

The private strategy used here is a strategic-negotiation
strategy based on Rubinstein’s model of alternative offers
[22]. Please refer to [6] for a general view of negotiation
between self-interested agents in a MAS. In the strategic-
negotiation model, a set of agents is defined as AG = {Ag1,

Ag2, . . .}. It is assumed that the agents can take actions defi-
ned as Ac = {α1, α2, . . .}, which are available from agents’
action repertoire in a time sequence set T = {0, 1, 2, . . .},
that is known to the agents. A sequence set is defined as
S = {s1, s2, . . .}, corresponding to the time sequence.∀t ∈ T
of a negotiation period, if negotiation is still going on without
any agreement being reached, the agent, with its turn to make
an offer at time t , will suggest a possible solution to other
agents that may choose one of the following three answers.
Each of them may either accept an offer by choosing
(Yes), reject an offer by choosing (No), or opt out
of an offer by choosing (Opt). If an offer is accepted by all
agents, negotiation is terminated and then followed by imple-
mentation. Let f o = (G index, t) be the released offer that an
agent makes at time t , where G index annotates a subgraph
of a particular taxonomy ontology. Generally speaking, in
order to reach an agreement in ontology management, sim-
ply choosing either Yes, No, or Opt is insufficient. For the
purpose of providing more information in each negotiation
round, the spectrum of the feedback is extended to include
the following activities:

– 1: No.
This indicates that the agent knows nothing about the
offering question.

– 2: Yes.
It explicitly indicates that the agent knows the content.
Implicitly, it is one hundred percent in agreement with a
specific negotiation issue suggested by the agent which
is currently making an offer.

– 3: Yesx (Yes to some extend).
This provides the feedback with an approximate percen-
tage to describe the agent’s opinion.

– 4: Opt (Opt out).
If at least one of the agents opts out of the negotiation,
then the negotiation terminates.

Legend:
: a NA (negotiation agent) is
in turn to make an offer

: NAs provide corresponding
answers to the proposed
offer

Ag 1 Ag 1’ Ag 1” ...

...Ag 2 Ag 2’ Ag 2”

Fig. 2 Negotiation process—strategy determined by interactions and
agent’s status

By studying the interaction from an agent’s perspective,
we intend to reflect agents’ responses to received messages
which were sent by a particular agent in the previous or cur-
rent round of negotiation. An agent’s perception-and-action
process will decide which kind of strategy this agent will
have when its turn comes. In other words, the strategy indi-
cates what to offer at time t + 1 by this agent. The process is
shown in Fig. 2, where each agent has its own strategy profile
decided by its individual global view at a certain time. On the
left of Fig. 2, the interaction between agents is represented by
agents’ interaction along with their ongoing perception-and-
action processes. For simplicity, only two agents/processes
are shown. The picture on the right of Fig. 2 depicts how
the negotiation process is conducted based on the reflections
from the previous round. It is expected that any reflection
from the previous or current round will affect an agent’s next
action.

The process is thus described as a restricted token pas-
sing cycle with each agent making offers in turn, but other
rational agents provide positive/negative feedback as much
as possible. According to the above discussion, the potential
solution to a corresponding offer is defined as: f s = (λ, f o),
where λ means the current agent’s agreement upon a specific
concept in the form of a percentage.

In reaching an agreement, agents work by constructing
a series of arguments (i.e. if an agreement is among No,
Yes and Yesx) of interest by following an argumentation
approach [23]. The basic form of arguments is defined as:
T (Σ) � (ϕ, Γ ), where T (Σ) is an ontology represented by
a formal ontology language, ϕ is an attempt offer (by this
agent) at the current round, and Γ is a subset of the ontology
T (Σ), i.e. Γ ⊆ T (Σ) such that Γ � ϕ.

With these in mind, different feedback defined earlier in
this section can be formally represented as follows:

– No: Γ � ∅

– Yes: Γ � ϕ where ϕ ∈ T (Σ)

– Yesx: Γ � ϕλ where ϕλ ∈ T (Σ), and λ is a numeric
number in a form of percentage

It is worth defining utility functions to tell an agent whether
or not a series of arguments are “good” and how “good”
they are.
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We assume that an agent is proactive, it should obviously
act in the direction of maximising its welfare at each stage
of a process by considering environmental changes. In our
approach, we adopt a utility function defined in [23] as: u :
Ω → R, where Ω = {υ1, υ2, . . .} is the set of proposition
that agents have preferences over, R is the set of real numbers.
For two elements υ and υ ′ (υ, υ ′ ∈ Ω), if ui (υ) ≥ ui (υ

′),
then we say υ is preferred by agent i at least as much as υ ′.

In this paper, the following two classes of arguments are
identified:

– Equivalent argument An argument (ϕ, Γ ) is equivalent
if Γ = ∅. Three subclasses are defined with the context
of an ontology.

(1) υ1. The class of all same label arguments that may
be made from T (Σ).

(2) υ2. The class of all synonymic arguments that may
be made from T (Σ).

(3) υ3. The class of all same attribute (of a concept)
arguments that may be made from T (Σ).

– Consistent argument An argument (ϕ, Γ ) is consistent if
Γ is consistent.
One generic subclass of argument is identified under this
category.

(4) υ4. The class of all arguments that may be made
from T (Σ).

Intuitively, some types of argument are more desirable than
others. In saying so, there exists an order, �, over the above
classes: υ1 � υ2 � υ3 � υ4.

From the above discussion, it is clear that an agent has
preference over {υ1, υ3, υ3, υ4} in decreasing order.

5 Ontology refinement process and mechanisms

As an ontology is changing over time, it is clear that there
must be a dedicated process to look after ontology dynamics
to save us from overlooking it. In the framework presented in
[10,11], different kinds of agent shown in Fig. 3 have been
defined as follows:

– User Agent (UA) A user agent is designed to only know
the interface agent (IA). This agent interacts with
a particular GUI. This includes getting the business sce-
nario from the GUI and passing it on to IA to display the
proper results on the user interface (e.g. GUI) when it
receives a return message from IA.

– Interface Agent (IA) This agent interacts with the UA,
which includes getting the business scenario from a par-
ticular GUI and passing it on to the virtual community,1

and then presenting the UA with the expected results. It
acts as a broker in an attempt to help various agents find
each other in a distributed environment.

– Integration Agent (InA) This is responsible for ontology
integration based on a certain business scenario. The
major tasks of an InA are to: (1) count the appearance
of each specified concept; and (2) filter unexpected items
before sending them to the OA.

– Mapping Agent (MA) This is shaped to provide linkages
to pave the way for the interoperability of heterogeneity
of various ontologies on the Web. It is the foundation
of further ontology management towards interoperability.
The major task of an MA is to estimate whether two given
concepts map to each other according to its knowledge.

– Refinement Agent (RA) This maintains ontology cohe-
rence and integrity in an environment where they may
change frequently. The major tasks of a RA are to: (1)
obtain up-to-date information for a specified concept; and
(2) locate any differences between a previous description
and the current one.

– Ontology Agent (OA) This agent acts on behalf of a cer-
tain ontology. It behaves properly in a specified agent
platform. It is equipped with the functionalities of a cer-
tain ontology, e.g. it operates over the ontology structure
and a particular intermediate result structure. The main
purpose of an OA is to perform ontology related tasks
which are isolated from external functionary agents. The
presence of an OA allows flexible system organisation.

– Negotiation Agent (NA) This agent takes part in negotia-
tion setting with an attempt to obtain evolving ontology
information for the corresponding OA.

– There are many formal languages, such as frame-based
language, RDF(s) (http://www.w3.org/RDF/), and OWL
( http://www.w3.org/TR/owl-guide/) for ontology repre-
sentation. They are shown on the right of Fig. 3. The inte-
grated ontology is the resulting ontology of the proposed
approach.

Particularly, the RA is designed to be responsible for
tackling evolution during run-time. Incorporating ontology
refinement into ontology mapping and integration to provide
a holistic view of ontology management takes our approach
beyond the existing work in this field. Properly bound
ontology refinement with ontology mapping and integration
makes our approach unique in that it can directly obtain chan-
ges and seamlessly use them to take succeeding actions. In
this paper, our focus is on the shadowed items within the

1 A virtual community is a group of partners commonly interested in a
certain business scenario.

123

http://www.w3.org /RDF/
http://www.w3.org/TR/owl-guide/


20 SOCA (2008) 2:15–25

RDF

OWL

Frame-
based

mapping
result

. . .

integrated

IAUA

OA

OA

OA

OA

NA

NA

NA
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legend:  UA- user agent              IA- interface agent            InA- integration agent
MA- mapping agent       RA- refinement agent       OA- ontology agent
NA-  negotiation agent

RA
(refinement module)

MA
(mapping module)

InA
(integration module)

Fig. 3 Ontology refinement in ontology management

boundary in Fig. 3. Ontology reuse has also been taken into
account in the architecture. It is envisaged that our design is
potentially able to adequately cope with ontology manage-
ment requirements in a dynamic and heterogeneous service
application environment.

Note that in this paper we tend not to expand our work
to include ontology change recursively. In other words, we
focus on the stage of how an agent refines its own ontology in
adapting to the change of an environment rather than tracing
the impact of change propagation to other ontologies.

5.1 Refinement process

In our work, the refinement module starts when the RA is
enacted. The refinement process runs in the background to
provide OAs with ontology modification in a timely fashion.
Briefly speaking, the RA monitors the NAs negotiation pro-
cesses via individual OAs. Agreements reached by NAs during
negotiation are fed back to corresponding OAs, which take
appropriate actions to modify their ontologies. We assume
that OAs are able to present integral and consistent ontolo-
gies at a certain point whenever they are asked (e.g. by MA
and InA). The refinement process is outlined as follows:

(1) NAs get to start when the RA starts up;
(2) NAs start negotiation according to the strategic-negotia-

tion model (see Sect. 4);
(3) OAs modify their ontologies based on negotiation results

respectively.

Figure 4 displays interactions (in AUML as defined in [1])
among agents involved in the refinement process. The refine-
ment process influences existing ontologies and OAs as well.
After NAs reach agreements or when the negotiation process

RA

request start_neg

modify
ontology

NA
NA i NAj

OA
OA i OA j

modify
ontology

negotiation
process

request start_neg

inform finish_neg

request
modification

request
modification

Fig. 4 Interactions from RA’s view in AUML

is terminated, OAs then modify corresponding ontologies. As
ontologies are changing over time, the checking agent
(CA) runs continuously to guarantee the above process by
presenting consistent ontologies for further ontology opera-
tions.

5.2 Refinement mechanisms

The refinement module is responsible for ontology refine-
ment. The RA is in charge of refining ontologies whenever
possible by means of the negotiation process. The negotiation
process includes an agent presenting an initial offer, together
with other agents providing potential solutions in terms of the
initial offer. After that, the same agent checks potential solu-
tions from others to make a decision on its next action (e.g.
exit the process or keep track of refinement for the next time).
Five relevant functions (i.e. Pseudocodes A-E) are presented
below to describe the negotiation module. They are described
in the same sequence as follows: (1) defining data structu-
res and variables used; (2) defining some functions; and (3)
describing corresponding process algorithms in pseudocode.
The pseudocode of an agent’s behaviour which is not in turn
to give an initial offer, is presented first. The pseudocode of
an agent’s behaviour which is in turn to give an initial offer
is shown second. The pseudocode to describe the negotiation
process is then presented followed by the ontology modifica-
tion pseudocode. Finally, based on the above processes, the
pseudocode of the refinement process is given.

Pseudocode A. Agent behaviour (i.e. an answering agent):

/*assuming four potential solutions from an agent which is
not in turn to give an initial offer: “Yes”, “No”, “Opt” and
“Yesx” (see Sect. 4);
m: the number of available ontologies, also the number of
OAs;
j : a randomly generated integer number between 1 and m
standing for one of the OAs;
solution: a variable for one of the above four solutions;
λ: a variable of estimated percentage (i.e. it is acceptable to
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some extent);
evaluate: a function to evaluate the initial offer;
send1: a function to send back λ percentage to indicate how
many percentages upon an agreement;
send2: a function to send back solution.
*/
1. Function solution_offer {
2. for (i = 1; i < m; i++) {
3. if (i ! = j) {
4. solution=evaluate initial offer;
5. switch (solution) {
6. case “Yesx”: send1; break;
7. default: send2;
8. } // end switch
9. } // end if
10. } // end for
11. }// end function
Function solution_offer describes an agent’s beha-
viour in response to an offer. This agent has Yes, No, Opt
and Yesx four options. It sends back a numeric percentage
number, λ, when this agent is not very sure about the answer.

Pseudocode B. Agent behaviour (i.e. an offering agent):

/*assuming four possible solutions: see Pseudocode A for
detail;
m: the number of available ontologies, also the number of
OAs;
solution: a variable for one of the above four solutions;
threshold1: a percentage threshold to filter unexpected
items;
threshold2: a threshold used in ontology refinement;
change_list : a list keeping track of changes;
k j,y, k j,n, k j,o: the number of occurrences of potential solu-
tions “Yes”, “No” and “Opt”, respectively;
λ: a variable of estimated percentage;
decision: decisions that an agent makes according to its
knowledge and current change of the environment;
make_decision: a function to decide what the next action
(for a particular agent) is;
modify: a function to modify the change_list with the
potential decision made in decide_next.
*/
1. Function check_initial_offer {
2. do {
3. switch (solution) {
4. case “Yes”: k j,y++; break;
5. case “No”: k j,n++; break;
6. case “Opt”: k j,o++; break;
7. default: if (λ >= threshold1) k j,y++;
8. else k j,n++;
9. }// end switch
10. if (k j,o == m − 1) return k j,o;

11. if (k j,n >= threshold2) exit;
12. if (k j,y == m − 1) {
13. make_decision;
14. modify;
15. }// end if
16. } while (exists potential solutions from agents in nego-
tiation setting); // end do
17. }// end function
Function check_initial_offer checks other agents’
answers, and counts them individually.

Pseudocode C. Negotiation process:

/* m: the number of available ontologies, also the number
of OAs;
j : a randomly generated integer number between 1 and m
standing for one of OAs;
generate_nextInt: to generate a random integer
number;
initial_offer: an agent (decided by a randomly gene-
rated integer number) to issue an initial offer;
solution_offer: previously defined function;
check_initial_offer: previously defined function.
*/
1. Function negotiate {
2. do {
3. j =generate_nextInt(m)+1;
4. initial_offer(j);
5. solution_offer(j);
6. check_initial_offer(j);
7. } while (negotiation time is not out); // end do
8. } // end function
Function negotiate presents the process of agent negotia-
tion which is particularly designed to reflect ontology change.
The process (shown in Fig. 2), similar to a restricted token
passing cycle, is able to take place by an agent randomly. This
agent first generates an initial offer, then it will be checking
answers from other agents to help make a decision upon what
to do next. This process may continue if negotiation is still
going on without any agreement being reached.

Pseudocode D. Ontology modification:

/* change_list : a list keeping track of changes (as defined
in Pseudocode B);
top: an element from a list;
insert: a function for inserting operation on the hierarchi-
cal structure of a specified ontology;
delete: a function for deleting operation on the hierarchi-
cal structure of a specified ontology;
update: a function for updating operation on the hierarchi-
cal structure of a specified ontology;
get_head: get the head element of a list;
*/
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1. Function ontology-modify {
2. do {
3. top=get_head(change_list);
4. switch {
5. case “insert”: insert; break;
6. case “delete”: delete; break;
7. default: update;
8. } // end switch
9. } while (top!=Null); // end do
10. } // end function
Function ontology_modify may take a suitable opera-
tion depending on what kind of change has been made in
change_list .

Pseudocode E. Refinement algorithm:

/* change_list : a list keeping track of changes (as defined
in Pseudocode B);
initialise: initialise the process;
negotiation: previously defined function;
ontology_modification: previously defined function
in which OAs modify their acting ontologies according to
negotiation results, referring to change_list for any chan-
ges.
*/
1. Function refine {
2. initialise;
3. negotiate;
4. ontology-modify;
5. } // end function
Function refine makes an attempt to reflect the main idea
of this paper. basically, ontology modification only takes
place as a result of agent negotiation.

6 Case study and discussion

In this section, a case study is presented to demonstrate
the proposed approach and mechanisms followed by a
discussion.

6.1 Case study

A representative example of a supply chain is to transform
raw materials and components into a finished product that
is delivered to the end customer. Supply chain management
(SCM) [7] aims to integrate suppliers, manufacturers, distri-
butors, retailers and customer logistics to dramatically redu-
ces time, redundant effort, and inventory costs.

Advanced information techniques, especially recent deve-
lopment of agent technologies and SOC infrastructure, make
SCM more efficient by helping companies coordinate,
schedule, and control procurement, production, inventory

Manufacturer Distributor

CustomerRetailer

2Supplier 1

3 4 

5

Fig. 5 A simplified e-business supply chain example

management, and delivery of products and services.
Haworth’s SCM systems [3] and P&G supply chain net-
work [18] are successful running examples.

With software agents representing the individual organi-
sations, such as suppliers and distributors of a supply chain,
it is expected that participating agents would optimise the
entire system by providing firm-wide enterprise service app-
lications within cost, time frame and quality requirements.

Let us look at an e-business supply chain shown in Fig. 5.
Agents’ behaviours are modeled by their interactions with
the changing environment. In saying so, we mean agents can
adapt to the environment to perform whatever they are sup-
posed to do in order to achieve the assumed objectives. Dif-
ferent functionalities that agents might need to accomplish to
build an optimal system, described below, correspond with
the numbering in Fig. 5.

(1) Agents negotiate with potential suppliers and make their
selections based on the suppliers’ bids upon an agreed
cost and time frame, or some other previously agreed
measure. Agents may need to negotiate with other
potential suppliers to schedule delivery and make an
alternative delivery schedule if needed.

(2) Agents, based on the orders, schedule shipments from
manufactures to distribution companies’ warehouses.
Lower or stockless inventory and just-in-time methods
are available by using service-oriented technology.

(3) Agents collect transaction data from retailers and send
them to manufacturing and production.

(4) Agents transmit transaction data to sales and marketing.
(5) Agents allow retailers to adjust stock items to meet

customers’ needs.

It is not unusual for different agents, which act on behalf
of corresponding components, to have different ontologies.
Bearing this in mind, we take a close look into different
parties in Fig. 5. It is worth noting that the supply chain
illustrated in Fig. 5 has been simplified. It is common that
there are multi-tiered suppliers, manufactures, distributors
and retailers/customers in a supply chain, especially in large
business. Usually a few potential service providers are availa-
ble to roughly meet the requirements. These service agents
cannot reach an agreement unless they can understand each
other. Moreover, interested agents are free to join and leave
this virtual community at any time. Usually it is most unli-
kely to regulate participating agents to conform to a uniform
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ontology. In this sense, involved agents need to resolve
misunderstandings that arise due to the dynamic environment
and different ontologies.

Let us assume a wine (beer) industry e-business supply
chain with Supplier, Manufacturer, Distributor and Retai-
ler/Customer in place, each with its own ontology. Practi-
cally, multi-tiered structure in a supply chain is common.
Suppose there is a supply chain with four Distributors (i.e.
D1, D2, D3 and D4) and one Retailer, each with an onto-
logy. D1 has an ontology (i.e. T1(Σ1), T1 for short) from
DAML ontology library (http://www.daml.org/ontologies/
66). D2 is with an ontology (i.e. T2)) built on the defini-
tion of term “beer” from WordNet (http://wordnet.princeton.
edu/). D3 maintains an ontology (i.e. T3)) which is based on
the basic types of beer provided by the website http://www.
dma.be/p/bier/1_2_uk.htm#, while D4 possesses the Austra-
lian beer types ontology (i.e. T4)) based on information
from websites: (1) http://www.australianbeers.com/beers/
beer_types/beer_types.htm; and (2) http://www.fosters.com.
au/beer/about/beertypes/beer_types.asp. Retailer holds an
ontology (i.e. TR)) from the website http://www.purl.org/
net/ontology/beer.owl.

With the presence of these ontologies, it is natural for
Retailer to take them into consideration because an interac-
tion between Retailer and Suppliers is necessary in reaching
an agreement about everything concerned. An ontology is of
fundamental importance to the participating Suppliers and
Retailer.

According to the argumentation-based negotiation, an
argument is formally defined as a pair, (ϕ, Γ ), over an onto-
logy T (Σ), such that Γ � ϕ, where Γ ⊆ T (Σ). The follo-
wing are possible arguments built by an agent on behalf of
Retailer if we focus on a scenario in which Retailer may need
to contact different service providers (i.e. Distributors), and
refine its ontology whenever needed.

a1: (Beer(TR) ∼ Suds(T2), ∅)

a2: (Lager(T2) ∼ Lager(TR), ∅)

a3: (Beer(T1) ∼ Beer(TR), ∅)

a4: (Oktober f est (T2) 
 Lager(TR),
{(Oktober f est (T2) 
 Lager(T2)),

Lager(T2) ∼ Lager(TR)})
a5: (Sweet Stout (T1) 
 Stout (TR),

{Sweet Stout (T1) 
 Stout (T1), Stout (T1) ∼ Stout (TR)}),
a6: (Stout (TR) 
 ¬Porter(TR),

Stout 
 ¬Porter) (T1, T2, T4) (i.e. Stout 
 ¬Porter
holds in T1, T2, and T3)

a7: (Stout (TR) 
 Ale(TR),
Stout 
 Ale) (T2, T4) (i.e. Stout 
 Ale holds in T2,
and T4)

Argument a1 is in υ2 (see Sect. 4), while a2, a3 are in υ1.
All other arguments a4, a5, a6 and a7 are in υ4. As such, the

Refinement Agent (RA) on behalf of Retailer will be able to
carry out its ontology refinement in relation to other agents’
feedback. The question we need to answer next is the justi-
fication. How can we justify that all derived ϕ are correct?
As we noticed that ϕ is proved by Γ , where Γ ⊆ T (Σ).
Obviously, this claim would still hold if ontology consi-
stency has been maintained throughout its life cycle. In say-
ing so, we are aware that extra work is needed to support it.
Through the development of a particular agent, i.e. Checking
Agent (CA) in [11], we now have better understanding of two
functions (i.e. make_decision and modify) presented
in Sect. 5.2. Briefly, a randomly chosen agent (i.e. Retailer
in this example) will make an initial offer first (with Pseudo-
codes E, D, C), then other participating agents (i.e. different
service providers) will provide possible feedback to this offe-
ring agent (with Pseudocode A). Again, this agent will check
the feedback from other involved agents (with Pseudocode
B). In Pseudocodes B check_initial_offer, function
make_decision will invoke CA to check ontology con-
sistency once there is any newly generated ϕ (e.g. ϕ in a1,
a2, etc.), while function modify will modify change_list
to reflect which ontology modification operation (i.e.
inserting, deleting and updating) is appropriate
under certain circumstance. Again, take the above scenario
for example, arguments a4, a5 and a7 involve inserting opera-
tions, while a6 leads to a deleting operation. The refinement
of a participating ontology is thus obtained by this agent
engaging in the feedback-driven negotiation process. Con-
sequently, RAs would refine their ontologies accordingly via
negotiation.

6.2 Discussion

In Sect. 5, we mentioned that the agent in turn keeps track of
agents’ feedbacks. That is to say, agents need to maintain lin-
kages with other agents in case other agents need to access the
recorded information of the previous round of negotiation. It
seems that it is a heavy burden for agents to have this kind of
one-to-one linkage. In fact, the number of agents which are
involved in a business scenario and at the same time with a
direct linkage with one another is less than expected. In this
sense, the computation complexity can be reduced.

On the other hand, agents engaged in negotiation are keen
to choose “good” strategies to maximise their utilities respec-
tively. However, scoring criteria vary from circumstance to
circumstance. The negotiation algorithm is neither just sim-
ply Tit-For-Tat (against its opponents on all rounds), nor
just reciprocal (reciprocating whatever its opponent did on
the previous round). In order to prevent agents from opting
(e.g. opt out) or responding nothing (e.g. no), sugge-
sting useful offers from the viewpoint of the agent which
makes an initial offer in our case is desirable. Some heuristic
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algorithms, for example the scoring system, may need to be
developed to direct the negotiation to the defined objective
for the reason that in negotiation, there is no absolute opinion
of for and against.

High quality of the negotiated result is most likely to be
achieved only after the above issue has been resolved. The
convergence in ontology evolution is becoming decidable if
participating agents would take every opportunity to improve
their performance in negotiation.

7 Conclusions and future work

In this paper, our general focus has been on developing
flexible refinement mechanisms. The mechanisms facilitate
agents with their negotiation strategy to deal with incon-
sistency involved in understanding concepts. By doing so,
a conformance to the change can be achieved and indivi-
dual ontologies can be refined accordingly. We argue that
deploying agents’ interactions at run-time is well suited to
substantially support and reflect changing service applica-
tion environments. These mechanisms also make it possible
for agents to adapt themselves to changes through the inter-
action since the interaction between agents depicts ontology
evolution as well. Each agent’s strategy profile is determined
by the feedback from the environment and its current local
global view. We have highlighted the motivation for using an
ontology and how an ontology innovatively adapts in accor-
dance with ontology evolution. In addition, we have impro-
ved negotiation strategies to reflect the dynamic changes in
the evolving cycle. A real world case has been discussed with
the proposed approach.

Although the approach in this paper is a promising solu-
tion to run-time ontology refinement, there are some issues
which need to be addressed further. We address interacti-
ons between agents predominately so that agents are most
likely to be able to rationally conform to the proposed stra-
tegies in order to achieve a particular goal. However, limited
resources may lead to unexpected scenarios. For instance,
the agents, with individual objectives, may respond nothing
to the offer. It will thus have had quite an impact on onto-
logy evolution. On the other hand, an opinion of “yes to all”
from the agents did nothing better to soften the impact of the
problem. Further work is necessary to improve negotiation
agents’ performance. We are also planing to include eva-
luating the performance of refinement especially for large
ontologies in our future work.
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