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(Spain)

Abstract. Knowledge and best practices on auction systems are currently disseminated across the research literature, which limits its access,
reuse, evaluation and feedback by practitioners. This article presents a
systematic approach to collect this knowledge as design patterns, in order
to provide assistance to software developers. An ontology has been defined for formalising design patterns in auction systems, with the aim of
improving its searchability by software developers. Finally, a case study
illustrates how the proposed pattern ontology provides assistance in the
development of a dynamic pricing model for an e-commerce service.

1

Introduction

Auctions provide a market system model that enable the exchange of resources
on the basis of supply and demand. They have proved to be an effective model
for dynamic pricing of resources in different scenarios such as electronic commerce [1], resource allocation [2], service pricing [3] or sponsored search pricing [4].
Nevertheless, software engineers have few available resources that provide
them support in the design of auction mechanisms and automatic bidders, since
current knowledge and best practices on auctions are disseminated across research publications. It is a good practice to identify the elements of good and
reusable designs in auctions, and provide a systematic framework for formalising
the experience with these designs. This is precisely the role of design patterns [5],
which describe general reusable solutions to commonly recurring problems in
software design. The notion of design patterns was originated in the objectoriented software engineering community and has been widely accepted by this
community, having a strong impact on how object-oriented software is designed,
implemented and communicated nowadays.
The purpose of this article is to provide a structured and formalised schema
for describing design patterns in the field of agreement technologies and validate
it through its application in the domain of auctions.
The rest of the article is organised as follows. Section 2 presents an ontology for describing agreement patterns, in order to provide standard facilities
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for retrieving patterns based on the user requirements. This agreement patterns
ontology has been linked with an auction domain ontology for describing the
main concepts of the auction domain, in order to provide a common language
for describing the auction patterns. In order to show the applicability of our approach, a case study is developed within section 3. Finally, section 4 summarises
the main contributions of this paper and the future research activities.

2

Modeling an Ontology for Auction Patterns

Even though design patterns are usually expressed in natural language, several
works have proposed its formalisation in order to provide tool support for consulting a pattern catalogue and guide developers in its application. Ontologies [6]
have been considered as a natural formalisation technique that enables an infrastructure for sharing and interconnecting semantically pattern languages in the
web. Several works have used ontologies [7] for formalising both the structure of
the patterns [8,9] (how to apply the pattern) as well as its intention (when to
apply the pattern) [7,10].
This article presents an ontology for formalising the intention of agreement
patterns in order to improve its findability. The ontology is organised into three
levels as shown in fig. 1 which are detailed below. The first level defines an
ontology (APO) for agreement patterns (section 2.1), with the aim of facilitating the searchability of the patterns by software developers. A domain ontology
(AUTERMS) for the auction domain (section 2.2) provides the common terminology for describing auction patterns. Finally, an ontology (AUPA) has been
defined for describing the auction patterns (section 2.3) . This ontology extends
the APO ontology and is described using the AUTERMS ontology.

Fig. 1. Layers of the Auction Pattern Ontology

2.1

The Agreement Pattern Ontology (APO)

Agreement patterns [11] provide a way to collect best practices for reaching
agreements in a structured way. In this section, the Agreement Patterns Ontology
(APO) is introduced in order to catalogue agreement patterns. This catalogue
should support developers in choosing a pattern for a given problem.
In order to determine the scope of the ontology, the ontology should be able
to answer the following competency questions [12]:
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– Which design patterns can solve a given problem?
– Which design patterns can solve a given problem and are applicable in a
given context?
– Which design patterns are related to a given domain concept?
– Which design patterns are available for a given task?
The proposed ontology is based on the structure of the DPIO ontology[7].
That ontology describes the relationship between patterns and problem types,
which are described by problem constraints. We have extended DPIO by focusing
on pattern constraints, instead of problem type constraints.

apo:ProblemType

apo:solves

apo:relatedConcept

apo:Concept

apo:relatedPattern

apo:hasConstraint

apo:Constraint

apo:Pattern

isA
isA

apo:ArchitecturalPattern

isA

apo:OrganisationalPattern

apo:BehavioralPattern

Fig. 2. Ontology for agreement patterns

The structure of the APO ontology is depicted in fig. 2. The main relationships of the core ontology are described below. A Pattern can solve one or more
ProblemTypes and is applicable only if some Constraints are fulfilled. A Pattern
can be related with other Patterns. Domain Concepts can be related with one or
more ProblemTypes and one or more Patterns. Patterns are organised according
to the task they solve into:
– Organisational Patterns. These patterns collect social structure patterns
which define the norms, social and interaction model [13] which form the
society as a whole, and which determine, to some varying degree, the actions of the individuals socialised into that structure.
– Behavioural Patterns. These patterns collect individual behaviours of the
participants in the agreement in order to satisfy a goal.
– Architectural Patterns. These patterns describe architectural patterns describing the software architecture of the participants in the agreement.
2.2

The Auction terms Ontology (AUTERMS)

The objective of the Auction Terms Ontology (AUTERMS) is modelling the
auction domain in order to provide a common vocabulary for describing auc-

55

tion patterns. Previous work have also proposed ontologies in the negotiation
domain [14,15,16], and have been extended to the auction domain, but we have
not found a specific ontology in the auction domain. We have modelled a basic
ontology based mainly on the auction patterns proposed by Ré [17], the research
survey on auctions by Parsons et al. [1] and the ontology for the agent trading competition developed by Wellman [18]. The core structure of the proposed
ontology AUPA is shown in fig. 3.

aupa:AuctionHouse
aupa:manages
aupa:Auction
aupa:registeredUsers aupa:hasBids
aupa:Bid

aupa:auctionType
aupa:offers

aupa:madeBy aupa:offers
aupa:Participant

aupa:Resource

aupa:AuctionProtocol
hasProperty
aupa:AuctionProperty

Fig. 3. Auction Ontology

The main concepts of this ontology are AuctionHouse, Auction, Participant,
AuctionProtocol and AuctionProperty. Auctions are a negotiation process in
which different Participants exchange information in the form of Offers in order to obtain a Resource. Those Auctions are placed in different AuctionHouses
which represents the auctioneer of an Auction. An AuctionHouse has the responsibility of sharing Auction information between different Participants following
the rules of a specific AuctionProtocol. An AuctionProtocol represents which AuctionProperties must be meet in a specific Auction. An AuctionProperty helps to
classify an AuctionProtocol in order to find the most suitable based on the problem constraints.
2.3

Auction pattern Ontology (AUPA)

Previous works have also proposed the usage of design patterns in agreement
technologies and auctions. Iglesias et al. [11] propose Agreement Patterns for
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formalising recurring solutions to agreement problems. Ré et. al. [17] propose
auction patterns from an object oriented perspective. In the field of multiagent
systms, Oluyomi [19] proposes a classification scheme for agent oriented patterns
which is applied to a relevant number of agent patterns. Jureta et al. [20] describe
three agent oriented patterns in the auction domain.

Fig. 4. Auction Pattern Catalogue

This article extends the work developed by Iglesias et al. [11] in order to
organise, identify and describe semantically auction patterns as a specific family
of agreement patterns. In order to validate our approach, several patterns have
been formalised within this ontology. Fig. 4 shows these patterns grouped by
the related Concept in the domain on AUTERMS ontology. In addition, the
auction patterns are classified in Architectural, Organisational and Behavioural
according to the APO Ontology.
The pattern catalogue includes the following patterns:
– Organisational: AuctionPattern, English Auction, Dutch Auction, Vickrey
Auction, First Price Sealed Auction
– Architectural: Lying Agent [21], AA Agent [22], Basic Negotiation Agent [19]
– Behavioural: Proxy Bidding [20], Sniping, Dispute Resolution [20], Payment [20], Fraud Detection [20], Colussion, Estimate Market Value.
In order to illustrate how auction patterns are described, the pattern Vickrey
Auction is described in natural language in table 1, while its semantic description
is depicted in fig. 5 and fig. 6. The ontology has been defined using the ontology
editor Protégé [23]. Thanks to the semantic description, the catalogue can be
consulted and filtered according to the user constraints, as described in section 3.
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Name
Alias
Keywords
Problem Type
Problem

Context
Solution

Vickrey auction
Second-price sealed-bid auction.
Auction, service pricing.
Resource assignation.
Auction of multiple similar resources, or items, in which
participants should be encouraged to share their true valuation using incentives.
There are different consumers willing to get the resources,
and the real value of the resource is not known.
This auction is defined by the next properties, as seen on
fig. 5 :
– One round: Bids are received in a unique round, which
last until all participants have made their offer, or until
a specific time.
– Sealed: Offers are not visible, in any mean, to participants, until the auction has finished.
– Multiple items per bid: Offers should be for more
than a resource, and associated with a price. Only an
unique bid per participant.
– Second pricing: the highest n bids are awarded the resource and pay a price equal to the n+1 highest amount
bid.
– Incentive compatibility: Each participant maximizes its expected utility, by revealing their true valuation, as final price is not dependant on the offer made,
but in the last highest offer. Also, in scenarios with different auctioned resources, a preference assignation of
resources, will be an incentive to bid as high as possible [24].
The most important advantage of this auction, is that sellers don’t require to have knowledge about buyers willingness to pay. Because of that, this auction is highly suitable
in scenarios without that information.

Examples
Mobile spectrum assignment[1], Internet advertising[25].
Related patterns Sealed auction, Fake bidding.
Table 1: Vickrey Organisational Pattern in Natural Language

3

Case study

In order to illustrate the practical application of agreement patterns, this section
describes a case study consisting of the development of an opera ticket selling
service.
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Fig. 5. Screenshot of Protégé of the semantic description of the Vickrey Pattern

< owl : Class rdf : ID =" Vi ckre yAuct ionP atter n " >
< rdfs : subClassOf rdf : resource ="# AuctionPattern "/ >
< rdfs : subClassOf >
< owl : Class rdf : about ="# Or gani satio nalP atter n "/ >
</ rdfs : subClassOf >
< rdfs : subClassOf >
< owl : Restriction >
< owl : onProperty >
< owl : ObjectProperty rdf : about ="# hasConstraint "/ >
</ owl : onProperty >
< owl : hasValue rdf : resource ="# ManyParticipants "/ >
</ owl : Restriction >
</ rdfs : subClassOf >
< rdfs : subClassOf >
< owl : Restriction >
< owl : hasValue rdf : resource ="# DivisibleResources "/ >
< owl : onProperty >
< owl : ObjectProperty rdf : about ="# hasConstraint "/ >
</ owl : onProperty >
</ owl : Restriction >
</ rdfs : subClassOf >
// similar restrictions for # FixedProtocol , # SealedNegotiation ,
// and # U n i d i r e c t i n a l I n f o r m a t i o n E x c h a n g e
Fig. 6. OWL class of Vickrey Auction Pattern
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An opera thether desires to maximize its benefit from sold tickets, which are
sold by different online enterntainment ticket selling services. Several strategies
for offering this service are available, such as defining a fixed pricing policy based
on position of the seat or dynamic pricing based on an auction protocol. The
opera theather desires to explore this second alternative.
In order to evaluate the ontology, we are going to review the competency
questions enumerated in section 2.1, translate these consults into formal questions in SPARQL, and evaluate the result set of the queries.
Which design patterns can solve a given problem?. In our case, we are interested in consulting all the organisational patterns that solve the problem
Resource Allocation. Fig. 7 shows the corresponding SPARQL query. The result
set contains all the Organisational Auction Patterns of the ontology. In a full
version of the ontology we could obtain other patterns not related with auctions,
such as bargaining.

SELECT DISTINCT ? pattern
WHERE {
? pattern rdfs : subClassOf apo : Orga nisat iona lPatt ern .
? pattern rdfs : subClassOf apo : Pattern .
? pattern rdfs : subClassOf [
rdf : type owl : Restriction ;
owl : someValuesFrom apo : ResourceAllocation ;
owl : onProperty apo : solves
].
}
Fig. 7. SPARQL query for organisational patterns for resource allocation problem

Which design patterns can solve a given problem and are applicable in a given
context?. The results of the previous query can be filtered specifying constraints.
In our domain, opera seats are auctioned. We can decide whether opera seats
are divisible or indivisible. In our case, we can sell all the seats for each opera
performances, but each seat can be sold at a different price, so we add the
constraint DivisibleResource. Fig. 8 shows the corresponding SPARQL query,
which would return the Vickrey Auction Pattern.
Which design patterns are related to a given domain concept?. In our domain,
we could be interested in which design patterns are related with the Auction
House concept as shown in Figre 9.
Which design patterns are available for a given task?. In case we desire to
define the architecture of a bidder, we can query the Architectural Patterns
related with the concept Participant (Fig. 10).
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SELECT DISTINCT ? pattern
WHERE {
? pattern rdfs : subClassOf apo : Pattern .
? pattern rdfs : subClassOf apo : Orga nisat iona lPatt ern .
? pattern rdfs : subClassOf [
rdf : type owl : Restriction ;
owl : someValuesFrom apo : ResourceAllocation ;
owl : onProperty apo : solves
].
? pattern rdfs : subClassOf [
rdf : type owl : Restriction ;
owl : hasValue apo : DivisibleResources ;
owl : onProperty apo : hasConstraint
].
}
Fig. 8. SPARQL query for organisational patterns of resource allocation of divisible
resources

SELECT DISTINCT ? pattern
WHERE {
? pattern rdfs : subClassOf apo : Pattern .
? pattern rdfs : subClassOf [
rdf : type owl : Restriction ;
owl : someValuesFrom auterms : auctionHouse ;
owl : onProperty apo : relatedDomainConcept
].
}
Fig. 9. SPARQL query for design patterns related with the Auction House Concept

SELECT DISTINCT ? pattern
WHERE {
? pattern rdfs : subClassOf apo : Pattern .
? pattern rdfs : subClassOf apo : ArchitecturalPattern .
? pattern rdfs : subClassOf [
rdf : type owl : Restriction ;
owl : someValuesFrom auterms : participant ;
owl : onProperty apo : relatedDomainConcept
].
}
Fig. 10. SPARQL query for architectural patterns related with the concept Participant
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4

Conclusions and future work

Design patterns can contribute to promote knowledge reuse and advance in the
field of agreement technologies, since the expertise of practices is formalised and
can be easily shared among practitioners, allowing them to share their experiences and understand better the advantages. limitations and applicability of
these patterns.
In this paper, several auction patterns have been identified in the research
literature and described and classified according to a pattern form. In addition,
a domain ontology for auctions has been defined in order to provide automated
reasoning on the application of patterns.
Current work is focused on several directions. First, our aim is progressing on
the formalisation of the patterns themselves in order to provide and ontologybased design pattern repository as [26,27,7]. Second, since the targeted users
of this research are software developers, our goal is providing at hand support
during their development tasks, through the integration of this tool in a standard IDE such as Eclipse or Netbeans. In addition, this paper has presented
an initial set of identified patterns, and our aim is enlarging this set, analysing
available systems and documented practices as well as with the cooperation of
other researchers and users.
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