Dynamic Service Aggregation in Electronic Marketplaces

Giacomo Piccinelli

Hewlett - Packard Laboratories

Bristol (UK)

E - mail: giapicc@hplb.hpl.hp.com

Leonid Mokrushin

St. PetersburgState Technical University

St. Petersburg(Russia)

E - mail: leom@mail.ru

El ect ronic marketplaces represent a si gnifi cant exampl e for t he evol ut ion of the

Internet from techni cal i nfr ast ruct ure to business enabl er . Bui lt on top of open standards like XMLand value - added services li ke cat alogue, negotiation, and transaction mana gement, electr onic mar ketplaces are the new hubs for busi ness interaction.

In fi rst - generati on electr onic marketplaces service providers post i nformati on about their pr oduct s, and service consumers post information about their needs. The matchingis based on a mar ket - dependent ont ol ogy, and standar dised negotiati on processes are support ed bymarket mechanisms li ke auct ions and exchanges. The final result is a one - to - one busi ness relati onship managed directlybyt he parties, out side the boundari es of the el ectroni c market pl ace. For second - generati on electronic marketplaces t he focus shift s on complete sol ut ions. The capabil ityto aggregate multiple services in order to match a specific service request shoul d be provi ded as an i nt er nal service from electroni c market pl aces. As an al ternat ive, the electronic mar ketplaces should at least enabl e specific service providers to sustain effectivelyaggregati on - oriented business models.

Aft er an overview of electronic marketplaces, we i nt roduce the concept of e - servi ces as el ect ronic virt uali sat ion of standard business services. We then present

DySCo(Dynamic Service Composer) , whi ch includes a model and a r efer ence infrastructure for e - service management and compositi on. Based on DySCo, a prototype has been developed for dynamic service aggregation through negot iation in multiple market pl aces. The prototype is presented, and the implicati ons of the underlying business model are di scussed.

Keywords: electronic ser vi ces, el ect ronic marketplaces, ser vi ce composit ion, service deli very,

B2B interact ion pr ocesses.

Introduction

E - business and e - commerce have certainlyattracted a lot of attention fromsoftware vendors, systemintegrators, solution providers, and ultimatelyfrom businesses and the research community. Th e overall idea of e - business and e - commerce revolves around offeringto customers and business partners the capabilityto automate their interaction with the sales or procurement department of a company. The underlyingassumption is that the Internet acts just as an additional channel, and the impact on businesses is mainly in terms of increasingthe speed of existingproduction processes. The e - service model

[13] challenges this assumption, and proposes a far more pervasive view of what the

Internet can do for businesses.

In the e - service model, anytype of asset can be exposed as a service to potential users inside and outside the boundaries of a company. As a consequence, the wayin which companies can acquire the assets theyneed to sustain their busin ess processes is impacted. The focus shifts from the connection to a specific business partner, to the definition of a specific business need. The link with the specific business partner that offers the best conditions for a service, at everypoint in time will be built ex ploitingthe aggregation power of open electronic marketplaces [1].

The first step to turn an ex istingasset or service into an e - service revolves around accessibility. The electronic virtualisation of the service has to provide communic ation channels that support automated conversational capabilities. Automation is fundamental at each step of the service deliverychain. Beyond the basic capabilityto ex change electronic messages usingstandard protocols on top of an XMLtransport, the bu siness logic behind the service provision and partner interaction has to be enforced. For example, the service offer has to be presented in a waythat allows automated discovery to take place. The service description should enable advanced offer - request ma tching

(beyond the basic pricing), as well as automated negotiation on contractual terms and parameters. The role of advanced directoryservices (e.g. UDDI), and in particular of electronic marketplaces is fundamental. An e - service is not a standalone enti ty; rather it is a first - class citizen of a highlydynamic ecosystem enabled bye - marketplaces.

The second step towards the realisation of the full potential for the e - service vision focuses on composition and interaction orchestration. Beyond business con versations for point interactions [22], an e - service has to expose all the interaction processes involved in the service delivery. Far from sayingthat a companyshould expose its core competences, the requirement is to handle the business networks dynamic allycreated byeach and everyinstance of service delivery[2, 25]. A service deliverymayno longer be a one - to - one (buyer - to - seller) relationship. As an ex ample, let us assume that the companyiBuild has selected the companyiMove for a shipment contrac t. The final product of iBuild may be packaged bya companyiPack, and iBuild maywant iMove to interact with iPackfor arrangingthe logistics behind collectingthe goods. Similarly, iMove operational structure maybe such that it focuses on hub - to - hub tr ansport usinglorries, and it relies on partners for the hub - to - customer transport. In the case of the service sold to iBuild, iMove may select (directlyor usingan e - marketplace) a companyiVan to do the first legof transport.

As a consequence, iVan has to synchronise with iBuild and iPack. The end customer will still be iBuild in the same wayas the overall responsibilityfor the end - to - end transport will still be on iMove, as far as both iBuild and iMove are concerned. The interesting thingto observe is how in the scope of a specific instance of service delivery, multiple parties are dynamicallypulled together. Some of them know some of the others, but in some cases (e.g. iVan) the service providers might not have had previous relationships.

From an o perational point of view, an e - service should be able to cooperate with a dynamicallyselected mix of other e - services. This implythe capabilityto automatically verifythe behavioural compatibilityof the various ex ecution processes, as well as the capab ilityto adapt them (within feasibilityboundaries) in order to make cooperation possible.

Given their fundamental role as enablers for the e - service model, in the first part of this document we present an overview of electronic marketplaces. The focus is on the business perspective, and on a basic categorisation framework. A definition for e - services is presented, and the compositional aspects of the e - service model are discussed. We then introduce DySC o (Dynamic Service Composer), which includes a model and a reference infrastructure for e - service management and composition we developed in HP Labs .

Based on DySCo, we also developed a prototype for automated service aggregation in the freight market. The prototype is described, and the business impact of t he proposed model is discussed.

Overview of Electronic Marketplaces

The notion of electronic marketplace (e - marketplace) derives from the aggregation of a number of integrated business services, enabled and delivered via the Internet [4, 8]. The characte ristics of an electronic marketplace (e.g. membership, regulations, service offer) depend on the organization that offers the e - marketplace itself. Such organization is referred to as e - market maker [2]. E - market makers are business - to - business intermediar ies. Theyoperate in the supplychains in various vertical and horizontal industries, with the aim of introducingnew efficiencies and new ways of sellingand purchasingproducts and services [17, 26].

An e - market maker provides content, value - added servi ces, and often (but not always) commerce capabilities. An e - marketplace is managed either bya third - partyvendor or by multiple dominant participants within the community. E - market makers aggregate content, provide value - added services, and offer multiple vendor alternatives. At a very high level, e - marketplaces can be segmented into three types. These three types include the following:

�

� Vertical marketplaces

� � Horizontal marketplaces (also known as "functional marketplaces")

� � Enablingtechnologies

Vertical marketplaces, as the name suggests, serve a specific vertical industry, such as chemicals, electronic components, bandwidth, and so on. These marketplaces focus on understandingindustrypractices, and automatingthe inter - companyinteraction aspects of bu siness processes [9]. Theyautomate vertical supplychains bydigitisingand normalizingproduct catalogues; theycreate market opportunities bydevelopingproduct exchanges.

Horizontal marketplaces span across industries and automate functional processes, such as maintenance, repair, and operations procurement, project management, human resource services, advertising, IT services, and so on. Horizontal marketplaces aim at makingthese processes more efficient; often these horizontal marketplaces are an ext ension of enterprise software or services (such as buy - side software or IT outsourcing services).

The enablingtechnologies provide a platform upon which vertical and horizontal marketplaces are built. These technologies are marketed byorganizations such as Ariba,

CommerceOne, TRADEX Technologies, BusinessBots, TradingDynamics, Moai, and so on. These companies sell products that provide information publishingtools, catalogue software, business process workflow features, transactional capabilities, auctio n/reverse auction capabilities, translation capabilities for multiple standards and formats, transaction data - scrapingcapabilities, payment services, and customer relationship management functionality. Vendors of enablingtechnologies usuallyemploya bus iness model based on a combination of software licensing, custom consultancy, installation services, and, significantlyfor traditional software vendors, on transaction fees for the goods and services negotiated [15]. The e - market makers operatingthe hori zontal and vertical marketplaces employbusiness models based on advertisingrevenue, subscription fees, and/or transaction fees.

Beside the general classification [16] based on vertical vs. horizontal, e - marketplaces can be classified dependingon two key aspects: level of transaction automation, and impact on pricingand sales models (Figure 1). Based on these criteria, four main categoryof e - marketplace emerge:

� � Content and/or communityportals

� � Channel enablers

� � Commerce hubs

� � Dynamic marketplace

This cl assification is crucial in order to understand the real impact that e - marketplace can have on businesses, as well as the different pictures that businesses have of electronic marketplaces [9].

In the remainingpart of this section, we characterize in more detail and present some examples of ex istinge - marketplaces for each category.

Content and Community Portals

Content and communityportals [3] provide value - added content, such as specification sheets and part descriptions for design engineers, buyer gu ides for small companies, and even hosted software. Theymayalso provide bulletin board functionalityfor sellers and buyers to post information about products and services theywant to buyor sell. These portals earn revenue bypostingadvertisements or collectingsubscription fees.

Alternatively, theymayearn revenue bychargingsellers a finder’s fee for successful sales leads. In general, buyers and sellers can "find each other" in a content and community portal, but theycannot close transactions. Ex amples of content and communityportals are

VerticalNet, Smart Online, and QuestLink.

As an ex ample, VerticalNet operates about fortyweb sites devoted to a specific topic or industry. Examples include Photonics Online, Pollution Online, Meat and PoultryO nline, and PropertyAndCasualty.com. Each site has a similar appearance and includes news, member - generated content, chats and forums, buyer guides, and career information.

VerticalNet is a sales lead channel and receives a finder’s fee for successful leads .

VerticalNet is addingtransactional capabilities, so its sites will migrate to the efficient commerce hub or dynamic marketplace models.

Impact on Pricing and Sales Models

low

low high

high

Transaction Automation

Channel Enabler

Commerce Hub

Content/Community

Portal

Dynamic Marketplace

Figure 1: E - marketplaces classification

Channel Enabler

Channel enablers [2, 26] a re common in industries in which suppliers heavilyrelyon channels of distributors, brokers, and agents. In such situations, suppliers maybe hesitant to initiate direct sales. In industries characterized bythis dynamic, e - market makers have mainlytwo c hoices: become a virtual distributor (and compete with the channel), or enable the channel. Channel enablers sell a commerce software and hostingsolution to help the channel to participate in e - commerce.

An ex ample of a channel partner is ChannelPoint, wh ich provides an insurance distribution solution. ChannelPoint’s solution includes a software and networking platform, as well as professional services, that enable insurance brokers and agents to lease or build a storefront on the Web, to obtain Ex tensible Mark - up Language (XML) - structured data from carriers, and to automate the workflow associated with the insurance sale and post sale processes.

Another example of channel enabler is iPrint.com. Best known for its consumer - oriented

Web storefront for print ed materials, iPrint.com also provides a software and network solution for distributors of paper product manufacturers. The companyprovides commerce - oriented software that accommodates the manyvariations associated with printed materials (font type, font size, font colour, paper grade, paper size, and so on).

iPrint.com hosts a marketplace and data centre. The business model for this solution involves a percentage of the transaction. The percentage varies byvolume, and ranges from 3 percent to 11 percent or more. iPrint.com mayalso receive an advance against anticipated revenue. In this model, the fees are paid bythe manufacturer.

Commerce Hubs

Commerce hubs [16] aggregate suppliers’catalogues and create product tax onomies that enable better buyingd ecisions. Theydecrease telecommunications costs for both buyers and sellers, and theybecome virtual distributors offeringsuppliers a new channel (as in the case of e - Chemicals). Theyprovide integration to back - end systems, sometimes through enterprise procurement applications that theydevelop (e.g. Chemdex ), distribute or linkto (e.g. SciQuest), or offer through software adapters (e.g. Networld Ex change).

Theyprovide real - time pricing, order status and, in some cases, product availability information .

The model on which commerce hubs are based works best for products that are standardized, do not require customisation, and for which a price arrangement has been negotiated [25]. Theyhelp sellers reach new buyers, but their value is even bigger for buy ers. Buyers are supported with buyingpower aggregation, efficient product - searching capabilities, integration to back - end systems, and spot buyingservices.

The business model for commerce hubs can be a combination of three elements: (1) a percentage of the transaction, (2) aggregation of suppliers’goods, negotiation of a volume discount from suppliers in advance, and mark - up of products for sale to buyers, and (3) subscription fees from buyers or sellers.

Instill, in the food service industry, is a sign ificant ex ample of commerce hub. Instill connects food services providers (for ex ample, restaurants or hotels) with distributors. It connects these organizations in an Internet - based tradingnetwork that operates much like a VAN or an extranet.

Dynamic M arketplaces

Dynamic marketplaces [14, 15] employa commerce model wherebyproduct pricingis negotiated within the marketplace through auctions, reverse auctions, request for proposal/request for quote processes, or bid - askmatchingex changes. In the lite rature there are three main types of dynamic marketplaces: seller advocates, buyer advocates, and neutral ex changes.

Seller advocates are all about exploitingthe Internet’s power to connect to buyers and findingnew and better channels for sellers. Seller advocates usuallyfocus on sales or auctions of off - spec or secondaryproducts, new products or other products for which scarcityis drivingup prices, and information on transactions that lets sellers see their average deal sizes (and other metrics), and lets buyers review their winningand losing bids. Seller advocates’ value lies in providingsellers with the abilityto sell products through new channels or at higher prices than otherwise possible. The value also lies in helpingsellers find the market value of scarce products (for ex ample, in new product introductions).

Buyer advocates partner with buyers to provide stronger buyingpower and increased access to suppliers. FreeMarkets is an ex ample of a buyer advocate. FreeMarkets targets buyers of cust om - engineered parts. It provides purchasingconsultingservices, and hosts an anonymous reverse auction online. To ensure the success of its reverse auctions,

FreeMarkets maintains a stable of negotiators behind the scenes to stimulate the sellers to lower their prices. Other buyer advocates seek to aggregate purchasingpower of small buyers.

Online ex changes are neutral, managingpurchases and sales amongmultiple buyers and sellers. The online exchange can be characterized a few elements. The commerce mod el is usuallybid - ask(with the ex change keepingthe spread, which mayrange from a few basis points to 8 percent). In an ex change, buyers can be sellers and vice versa.

Ex changes drive what in the literature is referred to as ^market liquiditỹ (that is, a critical mass of buyers and suppliers). Theyworkbest for commodityand near - commodityproducts, for which structured descriptive information facilitates reasonable price/qualitycomparisons.

There are manyex amples of ex change, includingAltra (energ yand liquid fuels), Arbinet

(telecommunication bandwidth), ChemConnect and CheMatch (chemicals), and

PaperExchange.com (containerboard, paperboard, fine paper).

E - ServicesVision

Until recently, the Internet was about the creation of e - business and e - co mmerce systems, and it was dominated byweb sites and storefronts. We have now entered the next Internet evolution: the proliferation of e - services. E - services are modular, nimble, electronic services that perform work, achieve tasks, or complete transacti ons [12]. Almost any asset can be turned into an e - service and offered efficientlyvia the Internet to drive new revenue streams. C hapter 1 of the Internet was about businesses gettingwired to their employees, customers and partners; keybusiness processe s gettinglinked to the Internet, and a critical mass of consumers comingonline.

Chapter 1 was about the creation of e - business and e - commerce systems that form a critical foundation. Businesses were learninghow to use what looked like a promising new to ol. Now, the Internet is readyfor its nex t evolution. It won’t be about businesses lookingat the web as a technology. Internet has been absorbed into the core business infrastructure, and businesses are readyto capitalise on this new asset. Chapter 2 of the

Internet will be about the mass proliferation of e - services.

These services will be modular and combine and recombine to solve problems, complete transactions, and make life easier. Some will be available on web sites, but others will be delivered vi a TV, phone, pager, car, email in - box , or virtuallyanythingwith a microchip in it. Some will even operate behind the scenes, automaticallyworkingon behalf of consumers and providers.

A definition: a n e - service is any asset that is made available via t he Internet to drive new revenue streams or create new efficiencies.

In Chapter 2, successful companies will be those that determine how to turn their assets into services delivered via the Internet. Successful companies will adopt an entrepreneurial app roach to lookingat their assets ˙ figuringout how to best leverage not onlytheir core business offerings, but also their proprietaryprocesses, data, relationships, knowledge, experience. In Chapter 2, we will see more companies turn these assets into ser vices and offer them via the Internet.

From a technologyperspective, there is a proliferation of initiatives in the industryand within standard bodies aimed at better exploitingthe potential that the Internet has for businesses. Leveragingthese efforts , HP [12] is promotinga comprehensive framework oriented towards makingthe e - service vision become a reality. The abilityto ex pose services in a waythat theycan be automaticallyvisible and accessible to potential customers is the focus of this servic e framework specification (SFS). The work described in the nex t sections of this paper is based on such framework.

The SFS [12] defines standard business and technical conventions that allow e - services to dynamicallyinteract with each other. These interac tions which include discovery, negotiation, composition, measurement and monitoringare based on a common interaction model and enables disparate business processes (whether RosettaNet or ebXML) to be represented as a standard SFS conversation on the Inter net. Usinga common means of definingand implementingInternet e - services, companies can deploy e - services that can collaborate across organizational and market boundaries. Market makers, aggregators, and auction services can freelyinteract in a dynamic, yet secure open services marketplace. In such a dynamic market place the SFS adds value in the form of cross - platform interaction, componentisation, diverse business models and end - to - end service provisioning.

Existing Approaches to Service Composition

Most of the ex istinge - service models and infrastructures approach the virtualisation of a service focusingon the problem of automated access. Corollaryservices revolve around the discovery(brokering) of service providers offeringservices matchinga g iven service description. Example of this approach can be found in the solutions behind practically everyexistingweb site and EDI - based extranet solutions [23].

COSMOS [10] and Aurora [18] are two substantiallyequivalent ex amples of advanced architectur es for e - service management. Theyenhance the standard open market approach to e - services (based on the find and use model) with workflow - based facilities to staticallyconnect existinge - services together. The networkof services derivingfrom this integr ation constitutes the backbone for the creation of a new service. This was the approach used also in the Arjuna project [19].

The service model subsumed bythese solutions is the one of a functionallycomplete service. When a service is completelyimplemen ted, it is ex ternalised usinga functional interface. For service discovery, a service description is usuallyprovided based on some type of ontology(e.g. UDDI). The infrastructure then enforces the access to the service through the conversational schema specified bythe interface. Agent - based solutions for e - service platforms substantiallyfollow similar approaches in terms of service virtualisation. The differences in terms of interaction model do not bringmajor changes in the service integration model [24].

Main limitation of such a model is the rigidityin the interconnection and integration between services. Implementingintegration logic into the structure of a service increases the complex ityof the service. Moreover, the adaptation of the service t o new environmental conditions requires the re - engineeringof the service itself.

Service Composition Model in DySCo

DySCo (Dynamic Service Composer) is a framework for e - service management and composition we developed in HP Labs in the past two years. Main elements of the framework are a service model and a reference infrastructure for system implementation.

The service model in DySC o is based on the ideas of functional incompleteness, multi - partyorchestration, and dynamic service composition. A servic e can be partially incomplete in terms of implementation, provided that in its electronic virtualisation indications are present about the kind of support services it needs to be integrated with, as well as the type of integration required to become fully functional.

Figure 2: E - service model

In the virtualisation layer (Figure 2) that makes a service become an e - service, the focus

moves from the access logic to the integration logic. The challenge for the service

provider is to adopt an integration mo del based on roles and behavioural descriptions.

The traditional approach would be to first find a service provider (based on what it does),

and then workingon the integration with internal processes (based on how it does it).

With e - services, the idea is that the search for a service provider (includingnegotiation

activities) is based also on its operational model. The customer interaction process is

somethingthat the customer is exposed to anyway. The idea is to expose it in the first

place, so that bo th service consumer and service provider can better evaluate their

operational compatibility. Third parties mayalso be involved in the services delivery, and

their role can be specified in the same way.

Assuminga service offer organised around this model , the operational structure of the

service itself can be designed with a new approach. First the need for specific support

services is identified. Nex t the ex pected interaction processes with the potential service

providers is identified. At this point the service can be actuallyput on offer on a

conditional basis. A specific service instance is sold, onlyif the adequate support services

can be purchased. The concept of adequacyis heavilybased on operational compatibility,

in order to ensure a smooth ex ecution of the overall service. The implications on pricing

and availabilityare significant.

The advantage of this approach over ex istingones derives fromthe fact that the e - service

can actuallydeliver somethingthat the service alone is not capable of . A service provider

can focus on the implementation of the core aspects of a service. The e - service

infrastructure will take care of the integration with the most suitable e - services, to

completelyenable the new e - service (Figure 4). Integration logic co exists with service

logic, still remainingtwo separate entities in terms of management and visibility.

Figure 3: E - service infrastructure

The enhancements with respect to standard conversation - based approaches (e.g. FIPA

[7]) are in terms of the sourc e and the use of the meta - information for service interaction.

The interaction dialogues can be automaticallygenerated dependingon the roles that a

specific partner service plays. Provided that all the roles are covered, it should be

transparent if just one or more service providers cover them. The emphasis is definitely

on the orchestration for the work of a number of partners, more then on a set of one - to -

one conversations localized at specific points of a service ex ecution.

Concerningthe implementatio n of systems based on the service model proposed, DySCo

mainlyprovides the blueprint for the infrastructure required. Different technologies and

solutions can then be used for the implementation. An ex ample is given in the nex t

section. Description of the semantics, observable behaviour and integration requirements

of a service (e - service description), and enactment infrastructure for e - service integration

(e - service infrastructure) are discussed in more detail.

E - service description

The semantics and ch aracteristics of a service (e.g. cost, availability, response - time,

available options) are described with an ontology - based approach, and encoded into

XML documents. Observable behaviour and integration requirements are captured using

a workflow - style appr oach. A service is associated with a process describingthe

interaction of the service with the outside world. The integration with other services is

captured bythe interaction processes expected with these services. The emphasis is on

roles more then on specific services/service providers.

The formalism for describingthe interaction process has (as an indication) the basic

capabilities required bythe standard proposed bythe Workflow Management Coalition

[11] for workflow specification formalisms. The idea is to be able to express the fact that

actions/events happen in a certain sequence and under a certain set of conditions. The

formalismoffers the capabilityto ex press well - defined process structure. It is also

flex ible in terms of the description of the observable actions/events associated with the

nodes in the process. An XML - based approach is used, wherebya specific DTD is

defined for the description of the process structure, as well as for the observable actions

and conditions.

Figure 4: E - se rvice integration

Execution infrastructure

The service virtualisation layer (Figure 2) is the part of the e - service infrastructure that

enacts the e - service description for a service. Amongthe main activities it is in charge of,

there is the management of the interaction channels (e.g. monitoring, activation, and

translation), as well as the management of the service observable behaviour (for each e -

service instance). The description of the observable behaviour declared byan e - service is

used in order t o monitor the actual behaviour of the service, as well as dynamically

manage the service requirements dependingon the evolution of specific service instances.

E - service descriptions are deployed in the service virtualisation layer, and managed bya

specif ic component of the e - service infrastructure (Figure 3), that we refer to as e - service

description manager. The description manager, amongother activities, maintains the

ontologyshared bythe e - services, and supports the e - service integration manager by

providinginformation about services with specific semantics, interaction behaviour and

characteristics.

Together with static information about e - service descriptions, the description manager

can handle dynamic information about other characteristics of a n e - service (like pricing,

availability, and load). The integration manager can use this information in order to make

convenient choices duringthe e - service integration process. The e - service integration

manager is in charge of the choices in terms of whi ch services should be integrated and

the waytheyinteract (Figure 5). The integration can be required on a ^per service~ basis,

on a p̂er service instance~ basis, or intermediate solutions.

In a simple situation, the integration consists in findinga ser vice whose semantics and

behaviour match the one required byone (some) of the roles in the initial E - service

description. If this is not possible, the integration manager can tryto reproduce the

semantics and behaviour requested for a role bycomposing more than one service. In

both cases a chain reaction can be started, but solutions are in place in order to make sure

that either it converges or that circularities are managed.

The Dy SCo Infrastructure

Based on the concepts in the DySCo model, in t his section we present a brief outline of

the prototype developed at HP Labs for an e - service - enabled ecosystem. The prototype

infrastructure for DySCo reproduces a real - world scenario, with a number of e - service

providers relyingon an electronic marketpl ace for offeringtheir services. Each e - service

exposes different types of information (meta - data), rangingfrom a functional description

of the service to availabilityand pricingmodels.

E - service description manager and e - service integration manager (F igure 3) have access

to specific meta - data information about the service. These meta - data describe both the

customer view on the service deliveryprocess, and the partner view on the service

implementation processes. This information can be generated autom atically, applyinga

role based projection algorithm to the description of the business processes implemented

bythe service provider [20]. The algorithmdynamicallyadapts the definition of the

interaction process between customer and service provider bas ed on the roles that the

customer accepts to play(e.g. receiver of the service, receiver of the invoice, quality

assurance monitor). The interaction with partner service providers is handled in the same

way. The interaction process becomes a part of the s ervice contract between customer

and service provider. The electronic marketplace mediates the interaction between the

parties enforcingthe processes specified in the service contract.

Concerningthe technologyused, the platform for DySCo is based on the HP business

process management system Changengine. Changengine [13] is a comprehensive system

that covers all aspects of business process lifecycle, from the definition to the enactment.

Motivatingfactors in the choice of C hangengine were its high - perfor mance process

engine, the web based management interface, and its wide range of adapters to databases

and legacyapplications. The purpose of DySCo is to define a reference frameworkto

turn business services into e - services; therefore the infrastructure u sed aims at

reproducinga real - word environment. Federation capabilities based on open protocols

and programmatic interfaces for access to process instances are also major features of

Changengine. The Java APIprovided with Changengine for process interact ion is the

main buildingblock for the mediation system we developed for the electronic

marketplace.

In DySCo each service provider is equipped with C hangengine. Automated process

management is a prerequisite for the e - economy. The electronic marketplace i s also

equipped with Changengine (Figure 5) that, amongother activities, manages the

interaction processes between customers and service providers.

Service Aggregation in FreightMixer

In this section we present an application scenario for the concepts a nd technologyin

DySCo. The business domain is the freight market. The scenario and related prototype

was used in an impact studyfor e - services and e - marketplaces involvinga number of

British and international operators in the field [5].

For its verynat ure [6], the freight market is an area where online tradingand electronic

support to service deliveryis receivinga lot of attention frombusinesses. Two

fundamental reasons for this trend are the regulation framework of the market and the structure of t he goods traded. The unit of trade is freight space. Containers follow specific

routes, and theycan usuallybe loaded with different types of goods. The unit of cost is

largelydependent on the space taken bythe container, and the main objective for

tran sport providers is to use all the space within each container theysend around the

world. The information required for service provision revolves around the space occupied

bythe goods, the pick up and deliverypoint, time constraints, and level of insuran ce. The

market itself is highlystructured, and a consolidated bodyof rules and regulations is in

place so that all the parties involved in a transaction know ex actlywhat are their roles and

responsibilities. Information on availabilityand negotiation speed is crucial for the

profitabilityof the service providers.

Figure 5: Auction process in an e - marketplace

Assuminga scenario where service provision reflects the e - service model and business

interaction is mediated byelectronic marketplaces, we developed a prototype for a new

generation of freight service providers. Keycapabilityfor this new type of service

provider is to assemble service solutions more dynamically, byaggregation and

composition of existingoffers. An end - to - end transport is composed bya number of

connected legs, where each legis acquired bynegotiation in multiple electronic

marketplaces. The profitabilityof the overall model depends on the skills of the service

aggregator in terms of exploitingex istingoffers in the market, and composingthem with

the integrations required to obtain the end - to - end transport service for the end customer.

Service aggregation and composition were our main points of investigation, hence the

name chosen for our prototype service provider: FreightMixer.

From a logical and architectural implementation standpoint, FreightMix er was layered on

top of the DySCo environment. The operational model of FreightMixer revolves around

three main points: understandingcustomer needs, produce effective so lution, and offer

competitive prices. FreightMix er is constantlymonitoringthe e - marketplaces in which the demand for its services is more likelyto be generated. It can also subscribe to a wide

range of directoryservices, so that it becomes visible to c ompanies developinghorizontal

solutions usingaggregation and composition models.

When a customer request arises, the core of the operational capabilities of FreightMixer

is applied in order to dynamicallycompose a cost - effective solution (Figure 6). Th e

knowledge that FreightMix er has of the freight market is the main asset for the company.

The fact that it is captured electronicallydrives the automatic design and implementation

of end - to - end solutions. Two crucial components of the IT infrastructure u sed by

FreightMixer are the Negotiation Engine and the Service Composition Engine.

Figure 6: Service aggregation and composition

These two components work in tandem, startingfrom a set of possible solutions defined

bythe Service Composition Engine . These solutions will indicate a number of possible

routes for the transportation of the goods, as well as the corollaryservices required (e.g.

insurance, re - packaging, temporarystorage).

The Negotiation Engine then starts to negotiate in the most appr opriate marketplaces for

the acquisition of the services. In doingso, specific techniques are applied based on

parallel negotiation in multiple marketplaces [21] and the use of different trading

mechanisms (e.g. exchanges, auctions, RFQs). The negotiation activityis based on

multiple complex parameters, namely: pricingpolicy, interaction processes, time

constraints, and payment procedure.

Some of the services required for a specific solution maynot be available, or their

acquisition cost maybe unattrac tive. The Service Composition Engine will adapt the

initial solution, incorporatingthe feedback fromthe Negotiation Engine. B ased on the

new information, alternative solutions can also be generated. The interaction process

between Service Composition Eng ine and Negotiation Engine is then iterated.

Figure 7: Automatic bidding in an auction

When a viable solution is found, FreightMix er (Figure 7) enters the competition with

other potential suppliers in order to secure the contract with the customer. A gain the

Negotiation Engine manages the negotiation process behind the offer, balancingprofit

optimisation with successful acquisition of the contract.

Value of the Service Composition Engine

The precise design for the solution is crucial for customer sa tisfaction, but it also impacts

dramaticallyon the costs of its actual ex ecution. Given the volatilityof the business

network created, it is important that operational compatibilityis verified. In the case of

stable cooperation networks, the cost of mut ual adjustments is spread over a number of

transactions. In the case of the business network that FreightMix er dynamicallypulls

together for a specific service offer, the cost of overcomingpoints of incompatibilitywill

fall almost entirelyon one single transaction. Dealingwith service providers that are e -

service enabled is fundamental for the workof the Service Composition Engine.

Value of the Negotiation Engine

Time constraints and the type of tradingmechanism involved are crucial in the various

n egotiation activities. The actual commitment to buysomethingmaybe confirmed at

different stages for different mechanisms, and the same holds true for the certaintyof the

acquisition of a service. For example, placinga bid in an auction for a service d oesn´t

automaticallyimplythe acquisition of the service. At the same time, placingthe bid

implies a certain level of commitment. If not outbid, the bidder is forced to buy/sell in

accordance with the bid it placed.

In the case of FreightMixer, the balan ce is amonga number of dramaticallyconflicting

forces; namely: time and acquisition risks. If the offer arrives late to the customer, the

delaycan compromise its likelihood of favourable acceptance. The problem is that rushingthe offer maycompromise t he optimisation of its cost - effectiveness. Then there is

the acquisition risk. On the one side, FreightMix er mayneed to commit itself to buy

some of the services it needs in order to secure a certain price. If the bid to the potential

customer is not succ essful, it mayhave to bear their cost entirely. On the other side,

FreightMixer mayplace the bid to the customer before havingsecured some of the

necessaryservices at a specific price. This means that if the bid to the customer is

successful, FreightMi x er will be bound to deliver at the price promised in the bid. If the

cost of acquiringthe services is higher than ex pected, the profit margin could be eroded.

Conclusions

In this paper we focus on the possibilityfor e - services to be dynamicallyaggre gated,

composed with, and integrated into other e - services and more traditional systems for

supply - chain management. Based on the concepts of service incompleteness, multi - party

orchestration, and dynamic service composition, we propose DySCo (Dynamic Serv ice

Composer) as a reference framework for the development of e - service - oriented

ecosystems. A reference infrastructure based on the DySCo model is presented, together

with its use in an application scenario related to the freight market. The scenario give s us

the opportunityto discuss the interdependencies between e - services, electronic

marketplaces, and new business models.

Electronic marketplaces mayrepresent yet another channel for some companies, but they

are becominga keyelement for the operationa l model of others. Electronic marketplaces

create a new dimension in terms of speed, aggregation power, and market opportunities.

The combination of the intermediation properties of electronic marketplaces with the

deliverycapabilities of e - services makes the ex istence of companies like FreightMix er

feasible.

References

[1] AA.VV. ^Digit al market places: enabling t he Internet economy~ Net Market Makers, 1999.

[2] Bartels A. ^Giga wat ch: new E - Commerce buying and sel ling models~ Giga Informat ion Group,

1999.

[3] Bel l S., Modahl M., and Johnson J. ^Communit ies of commerce~ Business Trade and Technology

Strategi es, Forrest er Research, 1997.

[4] Bl odget H. and McCabe E. ^The B2B market maker book~ Merrill Lynch & Co., 2000.

[5]

Chi ld M. and Linketsh er N. ^Trust issues f or e - services and el ect roni c marketpl aces. A customer

survey~ HP Labs Technical Report, HPL - 01 - 32, 2001.

[6] Crainic T.G. and Laporte G. ^Pl anning models f or freight transport at ion~ European Journal of

Operat ional Research, pp.409 - 43 8, 1997.

[7] FIPA (2000) Foundat ion for Intelli gent Phys ical Agent s. ht tp:// www.fi pa.org

[8] Gens F. ^Success st rategies for t he new Internet economy~ Internet Marketplace, Int ernational

Dat a Corporati on, 1999.

[9] Gi pson M., Runett R., Wood L., and Cl awson P. ^ The El ect roni c Marketplace 2003: Strategies

For Connecting Buyers And Sel lers ~ Simba Information Inc., 1999.

[10] Griffel F., Boger M., Weinreich H., Lamersdorf W., Merz M. "Electronic Contracti ng with

COSMOS - How to Est abl ish, Negot iate and Execute Electronic Contracts on the Internet" In 2nd

Int. Enterprise Dist ributed Object Comput ing Workshop, 1998.

[11] Holl igswort h D. ^The workf low ref erence model~ . Workfl ow Management Coal iti on (WfMC),

TC00 - 1003, 1994.

[12] Hewlett - Packard (HP, 199 9) ^E - Services~ http: //e - services.hp.com

[13] Hewlett - Packard (HP, 2000) ^HP Changengi ne~ ht tp:// www.hp.com/go/Changengine

[14] Latham S. ^Independent t radi ng exchanges. The next wave of B2BE - Commerce~ AMR Research

Inc., 1999.

[15] Lief V., Dolberg S ., and Lanpher G. ^Anatomy of new market model s~ Forrest er Report , Forrest er

Research, 1999.

[16] Kaplan S. and SawhneyM. ^B2B E - Commerce hubs: t owards a t axonomy of business models ~ Net

Market Makers, 1999.

[17] Kal akota R. and Whinston A. ^Fronti ers of electr onic commerce~ Addi son Wes ley, 1996.

[18] Marazakis M., Papadakis D., Ni kol aou C. ^ The Aurora Archit ect ure for Developing Network -

Centr ic Appli cat ions by Dynamic Composit ion of Services~ TR97 - 0213, Instit ute of Computer

Science, FORTH, 1997.

[19] Parrington G.D., Shri vast ava S.K., Wheater S.M. and Lit tle M.C. "The Desi gn and Implementati on

of Arj una," USENIX Comput ingSys tems J ournal, Vol 8, No 3, 1995.

[20] Piccinell i G. (1999) ^Aprocess decomposit ion technique for dis tributed workf low ma nagement ~ .

Proc. 2 nd IFIP WG 6.1 Int ernational Worki ng Conference on Dis tributed Applicat ions and

Interoperable Syst ems (DAIS), 1999.

[21] Preist C. ^Economic agents for automat ed trading~ HP Labs Technical Report, HPL - 98 - 77, 1998.

[22] Roset taNet ^Ro sett aNet~ ht tp:// www.rosett anet .org

[23] Rei llyB. and Bl ockJ. ^Next - generat ion E - Commerce processes and syst ems~ Elect roni c

Commerce Strat egi es Report , GartnerGroup, 1997.

[24] Schwartz D.G. ^ Cooperating Heterogeneous Systems~ . Kluwer Academi c Publ isher, 1995.

[25] Strens R., Marti n M., Dobson J., and Pl agemann S. ^Business and market models of brokerage in

network - based commerce~ COBRA Reference Document ation, Dept. Computing Science,

Universi tyof Newcast le upon Tyne, UK , 1997.

[26] Timmers P. ^El ectronic commerce - Strategies and model s for busi ness - to - business trading~

Addison Wesley, 1999.