The following paper was originally published in the

Proceedings of the First USENIX Workshop on Electronic Commerce

New York, New York, July 1995.

For more information about USENIX Association contact:

1. Phone: 510 528-8649

2. FAX: 510 548-5738

3. Email: office@usenix.org

4. WWW URL: http://www.usenix.org

Smart Catalogs and Virtual Catalogs

Arthur M. Keller

Stanford University

Smart Catalogs and Virtual CatalogsArthur M. KellerStanford UniversityComputer Science Dept.Stanford, CA 94305 USAark@cs.stanford.eduAbstract. We present an architecture forelectronic catalogs, called Smart Catalogs andVirtual Catalogs. Smart catalogs aresearchable, annotated combinations ofmachine-readable and machine-sensibleproduct data. Virtual catalogs dynamicallyretrieve information from multiple smartcatalogs and present this product data in aunified manner with its own look and feel, notthat of the source smart catalogs. Thesevirtual catalogs do not store product data fromsmart catalogs directly (except when cachingfor performance); instead virtual catalogsobtain current product data from smartcatalogs to satisfy specific customer queries.Customers interact with smart catalogs andvirtual catalogs through WWW or otherinterfaces. Product data is disseminatedthrough the architecture using ACL (AgentCommunication Language). In particular,ACL is used to communicate queries andanswers among smart catalogs and virtualcatalogs.1. Introduction.We present an architecture for smart catalogsand virtual catalogs that supports cross-searchof multiple catalogs.First let us consider how electronic catalogsare currently organized. Typically, thesecatalogs use ordinary World Wide Web(WWW) protocols and clients, such as Mosaicand Netscape. Each document, called a page,contains desired information or pointers toother pages, hopefully getting the user closerto the desired information. Typically, theWorld Wide Web (WWW) resembles a giantmenu system, where each document behaveslike a menu of links to other documents thathopefully get the user closer to theinformation desired. Each vendor maintainsits own (collection of) catalogs. There maynot be uniformity even among multipledivisions of the same company, let aloneamong multiple companies manufacturing orselling comparable products.There are a variety of limitations of thistypical approach to electronic catalogs. It ishard to find what you are looking for. Youhave to figure out where to start. Forexample, in order to find information about aparticular product, you must separately visiteach vendor of that product, and then navigatethrough that vendor’s Web space to find thedesired product. Making such navigationmore difficult is that each vendor organizes itsWeb space differently.Few catalogs have the ability to search bycontent (i.e., reverse-search). Reverse-searchis typically by keywords. Keyword searchingtechniques, such as WAIS, are only of limitedhelp, as they require that the user phrase thequery using the terminology of the each datasource, and vendors tend to use differingterminology from each other to describeproducts. A notable exception is DanishInternational’s BingoSearch, which allowsparameter-based search of a single catalog.Except for centralized catalog schemes thatforce a uniform catalog structure amongmultiple vendors, there is no fielded capabilityfor cross-catalog search.Our approach is to support reverse-search (i.e.,search by content) of multiple vendor catalogsbased on a deeper understanding of thecontents of these catalogs.

ProductDataCatalogAgent

Facilitator

KnowledgeBase

UserAgentsUserAgents

MosaicClient

EDISystem

UserAgents

CADSystem

WWWHTML/HTTPACLKQMLKIFOntologiesSQLCADLanguageFigure 1. Smart Catalog and Brokering Architecture for Electronic CommerceThe following section describes the overallarchitecture of a Smart Catalog. Section 3describes the concept of a Virtual Catalog.Section 4 contains a usage scenario of SmartCatalogs and Virtual Catalogs. Section 5describes the current status and future work ofthis project. Section 6 gives our conclusions.2. Architecture.Our architecture is illustrated in Figure 1. Itconsists of agents communicating withfacilitators, plus other components, such asdata sources and user interfaces, that interactwith the collection of agents and facilitators.The communication language used by theagents in our architecture is AgentCommunication Language (ACL). ACLconsists of the Knowledge Query andManipulation Language (KQML), theKnowledge Interchange Format (KIF), and aset of Ontologies. KQML consists ofperformatives, such as ask-one, ask-all,and tell, that describe the nature of theaction to be taken. KQML has the role of thecommunication language in CORBA. KIF isbased on First-Order Predicate Calculus and isthe content language we use with KQML.KIF is powerful enough to contain or toencapsulate any other content language, so that any information may be obtained from theinformation source, translated to the desiredformat, and transmitted to the requester,assuming the necessary components exist.Each product database is described by anOntology (another term for ontology is"controlled vocabulary"), which defines thedatabase, its structure, the terms used in it, andhow they relate to each other. You can thinkof KIF as the "grammar," KQML as the"verbs," and ontologies as the "nouns" and"adjectives" that comprise the language forinteroperating agents in our architecture.Each Facilitator in our architecture acts as abroker. Facilitators perform routing,reasoning, and translation. A facilitator storesagent-provided advertisements of coverage ina knowledge base along with relevantontologies. The facilitator uses theseadvertisements to determine which agents cansupport a particular request. And it translatesrequests into the language and terminologyused by each responding agent and alsotranslates responses into the language andterminology used by the requesting agent. Afacilitator will decompose requests requiringaction by multiple agents and then composethe responses for the requester.Product data is stored in databases, for easysearch and maintenance. Such data includesstructured information, parameters, text,pictures, sound, video, etc. Each productdatabase communicates with a Catalog Agentusing its native language, such as SQL. TheCatalog Agent performs 3 roles: It advertisesthe coverage of a product database; itunderstands queries and translates them intothe language of the product database, and itpackages answers from the product databasein a standard format.Someone using a WWW client, such asMosaic or Netscape, will connect to a UserAgent using the ordinary WWW protocolsHTTP and HTML. The User Agent willpresent the user with an HTML form, eitherstatic or dynamically created. The user willdescribe the desired object using an HTMLform. When responses come back from thefacilitator, the User Agent will preparedynamically created HTML documents withthose responses.We define four types of ontologies. Baseontologies are used to define common terms,such as engineering math, legal terminology,standard terms and conditions. Baseontologies are shared among all uses of thisapproach and are created by universities andresearch laboratories. Domain ontologiescontain terms common to all or most vendorsin an area, such as CPU speed, RAM size, ordisk storage capacity. Typically domainontologies are created by standards bodies andtrade associations. Product ontologiescontain company-specific terminology andrefer to domain ontologies, such as NuBuscards for the Apple Macintosh. Individualcompanies create product ontologies, althoughother companies may refer to them.Translation ontologies are used to translatespecific terms used in one ontology orinformation source to related terms used inanother ontology or information source.* Forexample, a translation ontology may describehow to use an SVGA monitor (a PC standard)on a Macintosh. Individual companies createtranslation ontologies to enable them tocompete in other markets. We expect there tobe service organizations that create andmaintain product ontologies and translationontologies on behalf of other organizations.3. Virtual Catalogs.One important problem with using the WWWfor product catalogs is the interaction betweenmanufacturers and distributors or retailers.Consider a retailer that sells products frommultiple manufacturers. The retailer will want

* The term "articulation axiom" is sometimes used torefer to entries in a translation ontology. Translationontologies may be used to create an ontology algebrasupporting translation across multiple ontologies.

to include product information from eachmanufacturer in its product catalog.Replicating all this product information in theretailers catalog would incur a considerablestorage and maintenance cost. The naturalapproach using the WWW is for the retailer tohyperlink to each manufacturer’s catalog sothat the customer may obtain detailed productspecifications.There are several problems with the hyperlinkapproach. First, the customer may get "lost"within the manufacturer’s webspace and notknow how to get back to the retailer. Second,the manufacturer does not know the context ofthe customer’s interactions with the retailer.Third, the customer may stumble upon a how-to-order page provided by the manufacturer,and wind up ordering from someone otherthan the original retailer. Fourth, if thecustomer does make it back to the originalretailer by using the "back" button, noinformation determined at the manufacturer’ssite is carried along with the customer, such asthe desired product configuration. Fifth, if thecustomer gets back to the retailer through themanufacturer’s how-to-order page, the retailerdoes not know the original context of theinteraction with the customer (e.g., otherproducts selected for order in this samesession).One approach to multivendor catalogs is theintegrated approach, where all the catalogs arestored on one site using one implementation.A notable example is by Open Market. Analternative is to provide some mechanism formanufacturers to respond to specific queriesby retailers to satisfy customer requests forproduct information. This approach can bebased on a business relationship between theretailer and the manufacturer. This approachis the one we take in a Virtual Catalog.Virtual catalogs allow retrieval of product datausing a distributor’s catalog by combininginformation from multiple manufacturers’catalogs. This retrieval is performeddynamically, upon the user’s request, based onthe user’s search criteria, using theterminology of the distributor or anyconnected vendor, and will retrieve data fromany relevant connected vendor. Therefore, thedistributor’s virtual catalog is always kept up-to-date and in synchrony with eachmanufacturer’s smart catalog. The distributorcan choose to display all of a manufacturer’sproducts or only a subset of those products.With virtual catalogs, the distributor maintainscontrol over the interaction with the user. Theuser never interacts directly with themanufacturer’s catalog. Instead, themanufacturer’s information is retrieved ondemand and is presented to the user with thedistributor’s look and feel, not the individuallook and feel of each manufacturer. Therelationship between the user, virtual catalog,and smart catalogs is shown in Figure 2.There are two key business relationships in theVirtual Catalog world, and many supportingbusiness relationships. The two key businessrelationships are between the customer and theretailer (the virtual catalog), and between theretailer and the manufacturer (the smartcatalog). Processes may exist in the virtualcatalog to bridge these relationships. Forexample, orders from customers may triggerresupply EDI transactions to the manufacturer.Or the order may be forwarded to themanufacturer for drop shipment of the productdirectly to the customer. In addition, there aresupporting business relationships. Forexample, if credit cards are used for payment,the customer has a relationship with theissuing bank, and the retailer has a relationshipwith the acquiring bank, and the two bankshave a relationship for clearing the credit cardcharge. Similarly, there are relationships fororder fulfillment, shipment, etc.Virtual catalogs are appropriate for retailersand distributions, but they also enable newbusiness models. A virtual distributor mayoperate using a virtual catalog and businessrelationships for order fulfillment, shipment,etc. The virtual distributor may not even have

EndPurchaserEndPurchaserDistributor’sVirtualSmartCatalogEndPurchaser

ManufacturerSmartCatalogManufacturerSmartCatalogManufacturerSmartCatalogFigure 2. Virtual Catalogs.any inventory, warehouse, etc. The virtualdistributor could be a completelycomputerized setup, automatically providingproduct information using manufacturers’catalogs, taking orders and arranging for orderfulfillment and payment.4. Scenarios.Consider a customer’s request for colorPostScript inkjet printers for the Macintoshcosting under $1000. The User Agent willtranslate the query into KIF and submit it to aFacilitator. The Facilitator handling the querywill consult its knowledge base for thefacilitators or agents that can handle thisrequest. For example, the Facilitator maytransmit the request to the Catalog Agents forApple and for Hewlett-Packard. The CatalogAgent will then interrogate the productdatabase and translate the answer into KIF.For example, the Hewlett-Packard CatalogAgent may respond with the description of theHP 560C printer. The Apple Catalog Agentmay respond with the Apple Color StyleWriterPro. The facilitator will then collect theseresponses for the User Agent, which willpackage the responses in HTML for theMosaic client. The user agent and facilitatorare provided by the virtual catalog company.The catalog agents and product databases areprovided by the manufacturers as part of theirsmart catalogs.A customer may instead be interested in colorPostScript laser printers for the Macintosh forunder $3000. As of this publication, suchprinters cost around $5000, but prices aredropping. So the customer may requestnotification when any such printer is newlyannounced, or is lowered in price. Thisrequest will be stored in the relevantfacilitator’s knowledge base. When amanufacturer announces a new product, it willhave a catalog agent send a message with theannouncement and any changes to theadvertisement of the agent to the facilitator.The facilitator will then send appropriatenotifications to those parties who haveexpressed interest in this news.Notice that the facilitator notification schemeis symmetric. Catalog agents express interestin being given product data queries. Useragents express interest in being given product data announcements. The same notificationscheme is used for both types of activities.Operators of virtual catalogs have severalalternative models for paying for theiroperation. The operator may take and processorders and use the markup on the transaction.Alternatively, the operator may make moneymerely by providing information. (Wheninformation is free, search is valuable.) Theoperator may charge manufacturers, either afixed fee or per referral. The operator maycharge customers, either by subscription or persearch. The operator may sell demographicinformation on customers or on searches tomarket research firms, manufacturers,retailers, or trade associations. Of course, anoperator may obtain revenues from multiple ofthese approaches.5. Current status.The architecture of smart catalogs and virtualcatalogs is an application of the facilitatorarchitecture long in use in Logic Group ofStanford University’s Computer Science Dept.The facilitator architecture has beendemonstrated in the domains of softwareinteroperability and concurrent engineering. Itis now being applied to the domain ofelectronic commerce as part of Stanford’sCenter for Information Technology’s (CIT)efforts on CommerceNet.Several smart catalogs have been built incollaboration with several companies in thedomains of workstations, test andmeasurement equipment, and semiconductors.We are extending this work by creating acollection of smart catalogs for severalmanufacturers, a virtual catalog for a retailer,and a domain ontology for a trade association.Please contact Arthur Keller by e-mail atark@cs.stanford.edu or by WWW athttp://logic.stanford.edu/cnet.htmlfor more information.6. Conclusion.We have described an architecture forelectronic catalogs for multiple companies thatinteroperate. Companies create smart catalogsof searchable, machine-sensible productinformation. Retailers and distributors createvirtual catalogs that provide customers withproduct information dynamically requestedfrom manufacturers’ smart catalogs. Virtualcatalogs provide a new degree of interactionbetween manufacturers and retailers ordistributors. Virtual catalogs enable newbusiness relations and new business models.Acknowledgments.This paper has benefited from feedback ofnumerous people who have heardpresentations of this paper, read earlier drafts,or participated in discussions. In particular,Michael Genesereth designed the overall agentcommunication architecture used by smartcatalogs and virtual catalogs, Narinder Singhdesigned the facilitator used here, and MustafaSyed programmed some of the othercomponents in our initial prototypes. Note anearlier version of this paper, co-authored bythem, appeared at the Workshop on ElectronicCommerce following CIKM, December 1994.Several other people have worked on thedevelopment of smart catalogs. These includeFelix Chow, Bob Engelmore, Wanda Pratt,and Rupert Murdock.This work was funded through a subcontractfrom the CommerceNet Consortium, which inturn derived its funding from a cooperativeagreement with the U.S. TechnologyReinvestment Program, as well as over 100companies and organizations. In addition,several companies have provided funding ofthis project towards the construction of pilotsmart catalogs.References.Danish International�s BingoSearch can beseen at URL http://www.danish.com.

Michael R. Genesereth and Steven P.Ketchpel, �Software Agents,� Comm. ACM,Vol. 37, No. 7, July 1994.Thomas R. Gruber, �Toward principles for thedesign of ontologies used for knowledgesharing,� in Nicola Guarino, Ed., InternationalWorkshop on Formal Ontology, Padova, Italy,1992.Open Market�s URL ishttp://www.openmarket.comWilliam T. Wong and Arthur M. Keller,�Developing an Internet Presence with On-line Electronic Catalogs,� Workshop onElectronic Commerce, December 1994,available from the URLhttp://www-db.stanford.edu/pub/keller/1994/cnet-online-cat.ps.

Smart Catalogs and Virtual CatalogsArthur M. KellerStanford UniversityComputer Science Dept.Stanford, CA 94305 USAark@cs.stanford.eduAbstract. We present an architecture forelectronic catalogs, called Smart Catalogs andVirtual Catalogs. Smart catalogs aresearchable, annotated combinations ofmachine-readable (i.e., minimally processable)and machine-sensible (i.e., actuallyunderstood by the computer) product data.Virtual catalogs dynamically retrieveinformation from multiple smart catalogs andpresent this product data in a unified mannerwith its own look and feel, not that of thesource smart catalogs. These virtual catalogsdo not store product data from smart catalogsdirectly (except when caching forperformance); instead virtual catalogs obtaincurrent product data from smart catalogs tosatisfy specific customer queries. Customersinteract with smart catalogs and virtualcatalogs through WWW or other interfaces.1. Introduction.We first describe current practice. Section 2describes the overall architecture of a SmartCatalog. Section 3 describes the concept of aVirtual Catalog. Section 4 contains a usagescenario of Smart Catalogs and VirtualCatalogs. Section 5 describes the currentstatus and future work of this project. Section6 gives our conclusions.Let us consider how electronic catalogs arecurrently organized. Typically, these catalogsuse ordinary World Wide Web (WWW)protocols and clients, such as Mosaic andNetscape. Each document, called a page,contains desired information or pointers toother pages, hopefully getting the user closerto the desired information. Typically, theWorld Wide Web (WWW) resembles a giantmenu system, where each document behaveslike a menu of links to other documents thathopefully get the user closer to theinformation desired. Each vendor maintainsits own (collection of) catalogs. There maynot be uniformity even among multipledivisions of the same company, let aloneamong multiple companies manufacturing orselling comparable products.There are a variety of limitations of thistypical approach to electronic catalogs. It ishard to find what you are looking for. Youhave to figure out where to start. Forexample, in order to find information about aparticular product, you must separately visiteach vendor of that product, and then navigatethrough that vendor’s Web space to find thedesired product. Making such navigationmore difficult is that each vendor organizes itsWeb space differently.Few catalogs have the ability to search bycontent (i.e., reverse-search). Reverse-searchis typically by keywords.1 Keyword searchingtechniques, such as WAIS, are only of limitedhelp, as they require that the user phrase thequery using the terminology of the each datasource, and vendors tend to use differingterminology from each other to describeproducts. Except for centralized catalogschemes that force a uniform catalog structureamong multiple vendors, there is no fieldedcapability for cross-catalog search.In contrast, our approach is to support reverse-search (i.e., search by content) of multiple

1 Danish International’s BingoSearch does allowsparameter-based search of a single catalog.

ProductDataCatalogAgent

Facilitator

KnowledgeBase

UserAgentsUserAgents

MosaicClient

EDISystem

UserAgents

CADSystem

WWWHTML/HTTPACLKQMLKIFOntologiesSQLCADLanguageFigure 1. Smart Catalog and Brokering Architecture for Electronic Commercevendor catalogs based on a deeperunderstanding of the contents of thesecatalogs.2. Architecture.Our architecture is illustrated in Figure 1. Itconsists of agents communicating withfacilitators, plus other components, such asdata sources and user interfaces, that interactwith the collection of agents and facilitators.The communication language used by theagents in our architecture is AgentCommunication Language (ACL). ACLconsists of the Knowledge Query andManipulation Language (KQML), theKnowledge Interchange Format (KIF), and aset of Ontologies. KQML consists ofperformatives, such as ask-one, ask-all,and tell, that describe the nature of theaction to be taken. KQML has the role of thecommunication language in CORBA. KIF isbased on First-Order Predicate Calculus and isthe content language we use with KQML.KIF is powerful enough to contain or toencapsulate any other first-order or simplercontent language, so that any information maybe obtained from the information source,translated to the desired format, and transmitted to the requester, assuming thenecessary components exist. Each productdatabase is described by an Ontology (anotherterm for ontology is "controlled vocabulary"),which defines the database, its structure, theterms used in it, and how they relate to eachother. You can think of KIF as the contentlanguage, KQML as the transport protocol,and ontologies as the terminology used withinthe KIF language for interoperating agents inour architecture.Each Facilitator in our architecture acts as abroker. Facilitators perform routing andtranslation. A facilitator stores agent-providedadvertisements of coverage in a knowledgebase along with relevant ontologies. Thefacilitator uses these advertisements todetermine which agents can support aparticular request. And it translates requestsinto the language and terminology used byeach responding agent and also translatesresponses into the language and terminologyused by the requesting agent. A facilitatorwill decompose requests requiring action bymultiple agents and then compose theresponses for the requester.Product data is stored in databases, for easysearch and maintenance. Such data includesstructured information, parameters, text,pictures, sound, video, etc. Each productdatabase communicates with a Catalog Agentusing its native language, such as SQL. TheCatalog Agent performs 3 roles: It advertisesthe coverage of a product database; itunderstands queries and translates them intothe language of the product database, and itpackages answers from the product databaseinto ACL, our standard format forcommunicating among agents.Someone using a WWW client, such asMosaic or Netscape, will connect to a UserAgent using the ordinary WWW protocolsHTTP and HTML. The User Agent willpresent the user with an HTML form, eitherstatically or dynamically created. The userwill describe the desired object using anHTML form. When responses come backfrom the facilitator, the User Agent willprepare dynamically created HTMLdocuments with those responses.We define four types of ontologies. Baseontologies are used to define common terms,such as engineering math, legal terminology,standard terms and conditions. Baseontologies are shared among all uses of thisapproach and are created by universities andresearch laboratories. Domain ontologiescontain terms common to all or most vendorsin an area, such as CPU speed, RAM size, ordisk storage capacity. Typically domainontologies are created by standards bodies andtrade associations. Product ontologiescontain company-specific terminology andrefer to domain ontologies, such as NuBuscards for the Apple Macintosh. Individualcompanies create product ontologies, althoughother companies may refer to them.Translation ontologies are used to translatespecific terms used in one ontology orinformation source to related terms used inanother ontology or information source.2 Forexample, a translation ontology may describehow to use an SVGA monitor (a PC standard)on a Macintosh. Individual companies createtranslation ontologies to enable them tocompete in other markets. We expect there tobe service organizations that create andmaintain product ontologies and translationontologies on behalf of other organizations.3. Virtual Catalogs.One important problem with using the WWWfor product catalogs is the interaction betweenmanufacturers and distributors or retailers.Consider a retailer that sells products frommultiple manufacturers. The retailer will want

2 The term "articulation axiom" is sometimes used torefer to entries in a translation ontology. Translationontologies may be used to create an ontology algebrasupporting translation across multiple ontologies.

to include product information from eachmanufacturer in its product catalog.Replicating all this product information in theretailers catalog would incur a considerablestorage and maintenance cost. The naturalapproach using the WWW is for the retailer tohyperlink to each manufacturer’s catalog sothat the customer may obtain detailed productspecifications.There are several problems with the hyperlinkapproach. First, the customer may get "lost"within the manufacturer’s webspace and notknow how to get back to the retailer. Second,the manufacturer does not know the context ofthe customer’s interactions with the retailer.Third, the customer may stumble upon a how-to-order page provided by the manufacturer,and wind up ordering from someone otherthan the original retailer. Fourth, if thecustomer does make it back to the originalretailer by using the "back" button, noinformation determined at the manufacturer’ssite is carried along with the customer, such asthe desired product configuration. Fifth, if thecustomer gets back to the retailer through themanufacturer’s how-to-order page, the retailerdoes not know the original context of theinteraction with the customer (e.g., otherproducts selected for order in this samesession).One approach to multivendor catalogs is theintegrated approach, where all the catalogs arestored on one site using one implementation.A notable example is by Open Market. Analternative is to provide some mechanism formanufacturers to respond to specific queriesby retailers to satisfy customer requests forproduct information. This approach can bebased on a business relationship between theretailer and the manufacturer. This approachis the one we take in a Virtual Catalog.Virtual catalogs allow retrieval of product datausing a distributor’s catalog by combininginformation from multiple manufacturers’catalogs. This retrieval is performeddynamically, upon the user’s request, based onthe user’s search criteria, using theterminology of the distributor or anyconnected vendor, and will retrieve data fromany relevant connected vendor. Therefore, thedistributor’s virtual catalog is always kept up-to-date and in synchrony with eachmanufacturer’s smart catalog. The distributorcan choose to display all of a manufacturer’sproducts or only a subset of those products.With virtual catalogs, the distributor maintainscontrol over the interaction with the user. Theuser never interacts directly with themanufacturer’s catalog. Instead, themanufacturer’s information is retrieved ondemand and is presented to the user with thedistributor’s look and feel, not the individuallook and feel of each manufacturer. Therelationship between the user, virtual catalog,and smart catalogs is shown in Figure 2.There are two key business relationships in theVirtual Catalog world, and many supportingbusiness relationships. The two key businessrelationships are between the customer and theretailer (the virtual catalog), and between theretailer and the manufacturer (the smartcatalog). Processes may exist in the virtualcatalog to bridge these relationships. Forexample, orders from customers may triggerresupply EDI transactions to the manufacturer.Or the order may be forwarded to themanufacturer for drop shipment of the productdirectly to the customer. In addition, there aresupporting business relationships. Forexample, if credit cards are used for payment,the customer has a relationship with theissuing bank, and the retailer has a relationshipwith the acquiring bank, and the two bankshave a relationship for clearing the credit cardcharge. Similarly, there are relationships fororder fulfillment, shipment, etc.Virtual catalogs are appropriate for retailersand distributions, but they also enable newbusiness models. A virtual distributor mayoperate using a virtual catalog and businessrelationships for order fulfillment, shipment,etc. The virtual distributor may not even have

EndPurchaserEndPurchaserDistributor’sVirtualSmartCatalogEndPurchaser

ManufacturerSmartCatalogManufacturerSmartCatalogManufacturerSmartCatalogFigure 2. Virtual Catalogs.any inventory, warehouse, etc. The virtualdistributor could be a completelycomputerized setup, automatically providingproduct information using manufacturers’catalogs, taking orders and arranging for orderfulfillment and payment.4. Scenarios.Consider a customer’s request for colorPostScript inkjet printers for the Macintoshcosting under $1000. The User Agent willtranslate the query into KIF and submit it to aFacilitator. The Facilitator handling the querywill consult its knowledge base for thefacilitators or agents that can handle thisrequest. For example, the Facilitator maytransmit the request to the Catalog Agents forApple and for Hewlett-Packard. The CatalogAgent will then interrogate the productdatabase and translate the answer into KIF.For example, the Hewlett-Packard CatalogAgent may respond with the description of theHP 560C printer. The Apple Catalog Agentmay respond with the Apple Color StyleWriterPro. The facilitator will then collect theseresponses for the User Agent, which willpackage the responses in HTML for theMosaic client. The user agent and facilitatorare provided by the virtual catalog company.The catalog agents and product databases areprovided by the manufacturers as part of theirsmart catalogs.A customer may instead be interested in colorPostScript laser printers for the Macintosh forunder $3000. As of this publication, suchprinters cost around $5000, but prices aredropping. So the customer may requestnotification when any such printer is newlyannounced, or is lowered in price. Thisrequest will be stored in the relevantfacilitator’s knowledge base. When amanufacturer announces a new product, it willhave a catalog agent send a message with theannouncement and any changes to theadvertisement of the agent to the facilitator.The facilitator will then send appropriatenotifications to those parties who haveexpressed interest in this news.Notice that the facilitator notification schemeis symmetric. Catalog agents express interestin being given product data queries. Useragents express interest in being given product data announcements. The same notificationscheme is used for both types of activities.Operators of virtual catalogs have severalalternative models for paying for theiroperation. The operator may take and processorders and use the markup on the transaction.Alternatively, the operator may make moneymerely by providing information. (Wheninformation is free, search is valuable.) Theoperator may charge manufacturers, either afixed fee or per referral. The operator maycharge customers, either by subscription or persearch. The operator may sell demographicinformation on customers or on searches tomarket research firms, manufacturers,retailers, or trade associations. Of course, anoperator may obtain revenues from multiple ofthese approaches.5. Current status.The architecture of smart catalogs and virtualcatalogs is an application of the facilitatorarchitecture long in use in Logic Group ofStanford University’s Computer Science Dept.The facilitator architecture has beendemonstrated in the domains of softwareinteroperability and concurrent engineering. Itis now being applied to the domain ofelectronic commerce as part of Stanford’sCenter for Information Technology’s (CIT)efforts on CommerceNet.Several smart catalogs have been built incollaboration with several companies in thedomains of workstations, test andmeasurement equipment, and semiconductors.We are extending this work by creating acollection of smart catalogs for severalmanufacturers, a virtual catalog for a retailer,and a domain ontology for a trade association.Please contact Arthur Keller by e-mail atark@cs.stanford.edu or by WWW athttp://logic.stanford.edu/cnet.htmlfor more information.6. Conclusion.We have described an architecture forelectronic catalogs for multiple companies thatinteroperate. Companies create smart catalogsof searchable, machine-sensible productinformation. Retailers and distributors createvirtual catalogs that provide customers withproduct information dynamically requestedfrom manufacturers’ smart catalogs. Virtualcatalogs provide a new degree of interactionbetween manufacturers and retailers ordistributors. Virtual catalogs enable newbusiness relations and new business models.Acknowledgments.This paper has benefited from feedback ofnumerous people who have heardpresentations of this paper, read earlier drafts,or participated in discussions. In particular,Michael Genesereth designed the overall agentcommunication architecture used by smartcatalogs and virtual catalogs, Narinder Singhdesigned the facilitator used here, and MustafaSyed programmed some of the othercomponents in our initial prototypes. Note anearlier version of this paper, co-authored bythem, appeared at the Workshop on ElectronicCommerce following CIKM, December 1994.Several other people have worked on thedevelopment of smart catalogs. These includeFelix Chow, Bob Engelmore, Wanda Pratt,and Rupert Brauch.This work was funded through a subcontractfrom the CommerceNet Consortium, which inturn derived its funding from a cooperativeagreement with the U.S. TechnologyReinvestment Program, as well as over 100companies and organizations. In addition,several companies have provided funding ofthis project towards the construction of pilotsmart catalogs.References.ANSI X3T2, �Knowledge Interchange FormatReference Manual,� Michael R. Genesereth, ed., March 1995, available from URLhttp://logic.stanford.edu/papers/kif.html.Danish International�s BingoSearch can beseen at URL http://www.danish.com.DARPA Knowledge Sharing InitiativeExternal Interfaces Working Group,�Specification of the KQML Agent-Communication Language,� Tim Finin andJay Weber, eds., February 9, 1994, availablefrom URLhttp://logic.stanford.edu/papers/kqml.html.Michael R. Genesereth and Steven P.Ketchpel, �Software Agents,� Comm. ACM,Vol. 37, No. 7, July 1994.Thomas R. Gruber, �Toward principles for thedesign of ontologies used for knowledgesharing,� in Nicola Guarino, Ed., InternationalWorkshop on Formal Ontology, Padova, Italy,1992.Open Market�s URL ishttp://www.openmarket.comWilliam T. Wong and Arthur M. Keller,�Developing an Internet Presence with On-line Electronic Catalogs,� Workshop onElectronic Commerce, December 1994,available from the URLhttp://www-db.stanford.edu/pub/keller/1994/cnet-online-cat.ps.