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ABSTRACT

In this paper, we propose to define an ontology to describe the relationships between merchandise available for purchase on Amazon.com.  After gathering the data from their public API, we will build the ontology using RDF and/or OWL. Once the ontology exists, we will attempt to create a visualization tool that offers perspectives into this data currently unavailable to the user. Finally, a single or multi-agent system will provide proof-of-concept that the promises of the semantic web are feasible, within specific contextual constraints.
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INTRODUCTION

Our project proposes to define an ontology and/or taxonomy to describe the relationships between merchandise available for purchase on Amazon.com.  We will begin by gathering the data available through the Amazon API using SOAP XML calls, and build the ontology using RDF and/or OWL, either directly from the SOAP results or through an intermediary phase. Considerations at this stage include data filtering (are the results of the SOAP calls moderated at all?); initial seeding; long- and short-term data storage (is real-time or cached data sufficient?); and discovering non-explicit relationships in the data that is returned, if necessary.
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The second stage of our project will consist of a graphical visualization tool to allow users to interact with this data in a unique way, and perhaps serendipitously discover connections between products that Amazon doesn’t make clear. Considerations during this stage include the mechanism for rendering the visualization to the user (probably a modern web browser); defining our class of users and the tasks they would want to perform with this data; in what ways we can allow the user to filter/sort/display the associations between products; and general usability constraints.

The final stage of our project will consist of a single – or perhaps multi – agent system that is able to take the ontology created in stage one, and use it to perform a useful task. Which tasks, and how they are accomplished will likely be decided by the ontology created, which itself is determined by the taxonomy (verbs, nouns and attributes) presented by the data.

Background

The semantic web has been greatly hyped in recent years; depending on which papers you read it’s either a waste of research effort, or a revolutionary concept.  Much of the criticism of the semantic web is motivated by the difficulty of processing information in a context free manner.  This is a classic problem in artificial intelligence, which at present has no robust solution.  However, by imposing context on the information made available through the web, one enhances the possibility of finding interesting semantics [1].

Technologies involved

The Resource Description Framework (RDF) is a language for describing independent resources in a machine readable format so that independent resources may be associated.  RDF provides a common framework by using metadata to represent Web resources and their relationships, thereby allowing a variety of different software applications to process the metadata. RDF uses XML syntax to save and exchange data, which is represented by RDF/XML. 

Since the Amazon API returns data describing its products in XML format, the first stage of our project will pull the data from Amazon, and then create an ontology using RDF and/or OWL.
The OWL Web Ontology Language is a Web ontology language designed to allow distributed and separate sources to exchange information and process its content instead of just presenting information to humans [2]. It extends the ability of RDF to automatically interpret web content by providing additional vocabulary along with formal semantics. For example, RDF is limited to being able to define relationships between no more than 2 identities. However, it is often necessary to go beyond this limitation and describe the relationships between 3 or more identities. For example, Mary borrowed a Book from Jane. Mary, Book and Jane are three identities. 

Users may implement one of three sublanguages of OWL, depending upon their needs.  OWL Lite is designed for users that need a classification hierarchy and simple constraints.  OWL DL keeps all OWL language constructs, but restricts their usage to certain situations.  OWL Full is intended for users who want maximum expressiveness and the syntactic freedom of RDF with no computational guarantees [2].

Amazon E-Commerce Service (ECS) exposes Amazon’s product data and E-Commerce functionality, allowing developers, web site owners, and merchants to leverage the data and functionality that Amazon uses to power its own E-Commerce business [4].  ECS uses SOAP (Simple Object Access Protocol) to share data between a client and the server. We plan to query ECS to gather detailed information about all products available in the Amazon.com product catalog.  Also, we plan to use the data provided by ECS to build relationships between different products using the “Customers Who Bought This DVD Also Bought” fields as well as Listmania! product listings.  Finally, ECS can also provide product images that we will incorporate into our interface.  Additional information that we may find useful includes customer reviews, wish lists, and category classifications.

Welkin is a graph-based RDF visualizer supporting RDF/XML syntax [5].  We are investigating ways toy incorporate this tool in our project to give a graphical representation of the relationships between different products. Additional information about Welkin can be found at http://simile.mit.edu/welkin/.
Agency may provide a useful programming paradigm for making sense of the hypertextual structures we intend to create.  Due to the numerous and diverse links between items like Amazon products, the graph visualizations will be very crowded when not filtered.  However, by endowing the program with a model of the mental state of the user, and updating this model based on user responses, we may enable useful suggestions for navigation.  This approach is feasible, because agent based programs have found success in previous applications – a survey is given in [7].

SCENARIOS FOR USE

Searching Amazon by Keyword

Suppose a user named Mike wants to buy some books to learn the PHP programming language. However, he doesn’t know exactly where to start.

He searches for the term “PHP” on Amazon.com, which returns a huge list of books related to PHP.  One advantage to using Amazon.com is the ratings and hints that allow a pick the top sellers or highest rated books from the entire inventory of books Amazon.com carries.  While this may help Mike narrow down his choices, he still has to go through each book’s web page to find out more detailed information, such as reader reviews. 

Since it is time consuming to find the right books, it will be very helpful for Mike to make a decision by providing an overview of the entire collection of books about PHP.

Mike will be able to use our tool and search Amazon’s inventory for books about PHP. Information about the books will be pulled from the Amazon ECS and used to build relationships between related. Next, the tool will display a graphical representation of the relationships to Mike, thereby allowing him to see which books a frequently referenced by other items and may be a good selection for the subject. This approach can save Mike some time and allow him to find out which book is the best for his purposes. 

Filtering similar items for genre

Mike has acquired an extensive associative representation of results for the search for the term “archery” using our tool, and is browsing this information.  It so happens that he was in fact looking for fiction involving archery rather than non-fiction accounts of technique or practices.  He can indicate to an assisting agent that he would like to restrict his view to the genre of “historical fiction” or “fantasy”, and get a much simplified subset of the available graph.  This preference and its context could be recorded, to facilitate suggestions for navigation during future use.

CONCEPTUAL DESIGN

Phase 1: Populating the Local Database

In a production environment, we envision our product being used by Amazon to provide product information in RDF format.  Within this context, we would have direct access the Amazon backend database of product information.  However, since we do not have such access (and to our knowledge, nor does such a representation of Amazon’s data exist), we must first construct a simulation using the Amazon API.

To construct this database, we will use PHP scripts to automatically query the API, parse the XML SOAP data, and store the results in a MySQL or PostgreSQL database.  We will provide some initial seed data in the form of an Amazon-specific unique product identification number (ASIN) to begin construction of this data source. For example, we might pick a movie or book title as our starting point, resolve it’s ASIN, and pass that number as the starting point for the population script. Subsequent queries would then be sent automatically based on the related titles.  Since the metadata for these related titles is limited to the product’s ASIN and title, additional API queries are required for each title to capture the full record, including all metadata and its related titles. 

While the Amazon.com public API provides unlimited queries to developers, they restrict the request rate to one transaction per second.  So, we begin construction of our local database by providing an initial seed, such as a movie or book title, and recording its corresponding metadata.  Included within that metadata will be a maximum of five recommended titles, a maximum of ten Listmania! product listings in which that title appears, and a maximum of five usernames gathered from customer reviews.   By sending additional searches to the Amazon API, we can gather additional titles to store in the database by resolving reviewer names to their wish lists and the Listmania! names to their title listing.  Therefore, from a single initial product query, we can generate a maximum of 305 additional related titles.  However, since these titles will only have metadata for the ASIN and title, we must then generate additional queries for each of these 305 (potential) new titles to complete its description in the database. 

Since we are restricted to one query per second, we will allow a month of continuous queries for database generation.  Construction of this simulation database will take a considerable amount of time, but we felt it was necessary since the rate restriction on Amazon’s API would prevent us from generating RDF directly from API queries.

In reality, we should never hit 305 related titles on a single ASIN, as there will likely be overlap between the various products and their related items. For example, if product A reports a relationship with products B and C, there is a good chance that at least one of the two products, B and C, will also report a relationship with A (and more likely, both will report such a relationship). Thus, a significant amount of “pruning” will occur during the building of the data source; since we are placing the results into a RDBMS as they are gathered, we will be able to eliminate unnecessary work by determining if the particular ASIN currently in the “queue” already has full metadata. 

An interesting side effect of this phenomenon will be the ability to collect statistics on the rate of overlap between products, and then compare these rates across different criteria.  Perhaps products categorized as literature have a very high rate of overlap between products, while technical and scientific writings have very little. We believe that interesting conclusions can be drawn from an analysis of these relationships, and the ways in which they change across various genres, subjects, etc.

Phase 2: Formulating relationships between products

Once we have built a sizeable local database to work with, we can begin generating RDF data by querying product metadata stored within the database.  While it will be a fraction of the entire body of Amazon product information, we should have sufficient entries in the database to extract a large number of relationships for examination.  

In our ontology, there are three possible ways that an individual product entry can be considered related to another.  First, any products appearing in the “Related Items” section are considered to be directly related to an entry (recall from the previous discussion of Amazon’s API that this section is roughly analogous to the “customers who bought this also bought” section on their website). It is reasonable to expect that users who buy the same products can have similar interests, so this relationship allows a use to serendipitously discover products that they might enjoy. 

A second relationship can be uncovered by extracting user names and ratings from the product reviews returned by the API.  If a user took the time to post a review on the web site and give a high rating, then we assume that they enjoyed the product and may be a good source for related items.  By extracting the user ID from the XML SOAP data, we can query the API for the corresponding user name, then request the titles from the user’s wish list, if they have defined one on the website. It is our expectation that these relationships will be the “loosest” – that is, there will likely be a less obvious relationship between the products since people tend to create widely diverse lists of “wish” items, from books to movies to electronics to home and garden equipment. As a result, these relationships also have to potential to be the most interesting,

Finally, two products may be considered related if both appear on the same Listmania! product listing.  These associations are particularly valuable since the lists are defined by users and usually have an overarching theme that binds all the products on the list, such as “My Favorite Movies (The Ones I Own) “ or “Why Zombie Flicks are Better than Real People v 1.0.”  This relationship can be generated by extracting the list number from the XML SOAP data, then issuing a query to the API for each list.  Additional queries will be needed for each title returned. These relationships would be considered fairly “tight”, as the lists do tend to follow common themes or rules that would group products together (although it will be difficult, if not impossible for a computer to discover the metrics used by the human author of the list).

Since there are three different categories of relationships between products, each representing a different type of relationship, we have decided to represent the relationship type by assigning to each a different weight, depending on the closeness of the relationships the type is describing. Additionally, if a single product appears in more than one relationship type from another single product, the weights of those relationships will be summed to create the total weight of the “closeness” of the two items. So if product A appears on product B’s “Related Items” list as well as two of B’s Listmania! lists, the total weight of the relationship between product A and B would be (related items weight) + (Listmania! weight) + (Listmania! weight).

For instance, if items on the same Listmania! product listing carry a weight of five and items on a “Related Items” list carry a weight of seven, then the cumulative weight of the aforementioned example relationship between A and B is seventeen.  This total weight allows us to give a degree of relevancy between products, ultimately indicating to the end user which items are the most closely related to their target product, and which ones exist on the periphery. A possible implementation for a client that uses this data might allow the user to assign their own weights to the three different types of relationships, thereby affecting which products appear most tightly linked.

Phase 3: Creating the ontology

Fundamental to our project is the ability to transmit this collected data in a semantically-aware format, such as the W3C’s Resource Description Framework. Since RDF only provides a framework for describing data, and doesn’t specify what the data means, an ontology is required 

We have three choices in selecting an appropriate ontology; 1) Use an existing ontology; 2) Define a new, generic ontology for E-commerce applications; and 3) Define a new, specific ontology for the Amazon product domain.

· Use an existing ontology. There are already many well-defined ontologies that are used to encode data in various contexts. For instance, there exists an ontology to express Dublin Core metadata [6], the Java programming language [10], and reference ontologies such as one published by Advanced Knowledge Technologies [9]. 

· Define a new, generic ontology for E-commerce applications. This option, like the next one, is only appealing if no pre-existing ontology exists that captures all the different aspects of our data set. The benefit over option number three is that the potential exists to create a new standard usable by other organization, for research and/or commerce. The difficulties with this option are the same as those that exist for knowledge representation as a whole; with a large conceptual domain, efficient representation of the data is difficult, if not impossible.

· Define a new, specific ontology for the Amazon product domain. Like the preceding option, this would be considered only if there does not exist a qualified ontology. The benefit over option two above is that the limited domain creates a more specific context in which a more tightly controlled taxonomy can be used.

We are currently evaluating the various implications involved in these three options, and expect to reach a decision after we have more of the data from Phase 1 and 2 available for examination. 

Phase 3: Application of the RDF Data

Using the simulation database created in Phase 1, the next step will be to generate the RDF files that will hold the collected data formatted with our selected ontology. Since we will be storing the data in an intermediate stage (the RDBMS), the creation of the RDF files can happen on a cached, post-processed version of the data. The RDF itself will likely be generated by a scripting language, such as PHP or Python, due to such languages’ robust XML support and ease of string manipulation. 

Once the RDF has been generated, it will be necessary to confirm its validity, both syntactically and taxonomically. Tools such as the W3C’s RDF Validation Service [11] provide excellent syntactical validation, but do little to aid the author in identifying taxonomic errors. To assist in this process, we intend to utilize the 3store triple store engine [8]. Successful ingestion of our RDF into a third-party RDF storage engine will provide a practical evaluation of our ontology; the ability to query the engine and produce consistent, expected results will do the same.

As further taxonomic evaluation, we will then attempt to use the mSpace RDF browser [12] as a front-end to our collected data. The mSpace browser provides an intuitive and efficient way to render polyarchical data structures, such as the structure of associations we intend to create. Again, the ability to browse our data and observe results which match our expectations will provide a concrete evaluation of the soundness of the ontology.
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