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Abstract. Lately, many systems and websites add personalization functionalities among their provided services. However, for large document collections it is difficult for the user to direct effective queries from the beginning of his/her search, since accurate query terms may not be known in advance. In this paper we describe a system that applies a hybrid approach to assist a user identify the most relevant documents: at the beginning it applies dynamic personalization techniques based on user modeling to initiate the search on a large document and multimedia content collection; next the query is further refined using a clustering based approach which after processing a sub-collection of documents presents the user with more categories to select from a list of new keywords. We analyze the most prominent implementation choices for the modular components of the proposed architecture: a machine learning approach for personalized services, a clustering based approach towards a user directed query refinement and a parallel processing module that supports document clustering in order to decrease the system’s response times.



1 Introduction The continuous growth of data stored in different types of systems such as information portals, digital libraries etc, has created an overwhelming amount of information that a user has to deal with. Many approaches have emerged towards query-refinement to facilitate the user towards a more efficient retrieval process in respect to his/her personal interests. A wide variety of systems also integrate personalization features that aim to assist the user to identify knowledge items that match the user’s preferences. Among else, digital libraries, document management systems and multimedia datawarehouses with focus on scientific data-storage grow significantly in size as new scientific content is gathered on a daily basis on different areas of research. Considering each user has specific areas of expertise or interest, a digital library consists of a good test-bed domain where personalization techniques may prove to be beneficial. Still, in large document collections it is hard to identify an efficient user model that contains adequate sub-categories to support the user preferences for two reasons: first, it would be difficult to identify appropriate sub-categories in respect to the number of existing users; second, classification of incoming documents would require a significant overhead for the system. G.A. Tsihrintzis et al. (Eds.): New Direct. in Intel. Interac. Multimedia, SCI 142, pp. 211–220, 2008. © Springer-Verlag Berlin Heidelberg 2008 springerlink.com
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In this paper, we describe a hybrid approach that utilizes personalization techniques at the initiation of the user interaction with the system, while it proceeds towards a more user-oriented interaction, where the user is participating in the dynamic clustering process by selecting the sub-categories that arise dynamically after processing subsets of the documents. In order to keep the system’s response times low, we also apply parallel processing techniques when processing the selected by the user document sub-clusters. The rest of the paper is organized as follows. Section 2 presents related work in context; Section 3 presents the main principles that drive the design of the proposed architecture and discusses the structure of its modular components, while Section 4 concludes the paper.



2 Related Work A wide variety of research prototype systems as well as commercial solutions have emerged lately offering personalized services to their users. Many of the successful deployments use machine learning methods, which aim in integrating among the system’s features the ability to adapt to the user’s needs and to perform many of the necessary tasks in an automated way [7]. 2.1 User Models, Stereotypes, Communities and Personalization Systems Personalization technology aims to adapt information systems, information retrieval and filtering systems, etc. to the needs of the individual user. A user model may contain personal details about the user, such as occupation, interests, etc. and information gathered through the interaction of the user with the system. User community models are generic models that apply to the needs of groups of users and usually do not use explicitly provided personal information. If personal information is given the community models are called stereotypes. Machine learning techniques have been applied to construct all these types of models and are used in digital library services, and in personalized news services, etc. For example: The MyView system [1] collects bibliographic data and facilitates the user in his/her browsing digital libraries. MyView supports direct on-line reorganization, browsing and selection as specified by the user. Among its strong features are that it can support browsing in heterogeneous distributed repositories. It does not store the actual data-sources but metadata pointing to actual sources. It also supports user directed browsing. The PNS [4] is a generic system that offers to its users personalized news services. Its architecture consists of sub-modules that collect user related data, either explicitly inserted by the user or implicitly by monitoring a user’s behavior. A personalization module builds the user’s model and makes recommendations on topics that fall within the user’s interests. The PNS also contains a content management module that collects information about the actual content sources and indexes them without though storing the actual sources but instead the indexing information as collected by specific purpose wrappers.
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2.2 Document Clustering and Parallel Techniques There exists a large number of document clustering algorithms. They are usually classified into two main categories – hierarchical algorithms and partitional algorithms. Partitioning assigns every document to a single cluster iteratively [17] in an attempt to determine k partitions that optimize a certain criterion function [18]. Partitional clustering algorithms usually have better time complexity than hierarchical algorithms. The K-means algorithm [21] is a popular clustering method of this category. A hierarchical clustering is a sequence of partitions in which each partition is nested into the next partition in the sequence. Hierarchical clusterings generally fall into two categories: splitting and agglomerative methods. Splitting methods work in a top down approach to split clusters until a certain threshold is obtained. The more popular agglomerative clustering algorithms use a bottom-up approach to merge documents into a hierarchy of clusters [19]. Agglomerative algorithms typically use a stored matrix or stored data approach [20]. There also exist several algorithms that combine the accuracy of the hierarchical approach with the lower time complexity of the partitioning approach to form a hybrid approach. Such a popular algorithm is the Buckshot algorithm [8] (see also section 3.2). A detailed overview of sequential document clustering algorithms can be found in [9] and [16]. Many authors have also examined parallel algorithms for both hierarchical clustering and partitional clustering [22]. In [23], Olson provides a comprehensive review on parallel hierarchical clustering algorithms. Two versions of parallel Kmeans algorithms are discussed in recent literatures. In [21], Dhillon and Modha proposed a parallel K-means algorithm on distributed memory multiprocessors. Xu and Zhang [24] designed a parallel K-means algorithm to cluster high dimensional document datasets, which has low communication overhead. Besides K-means, some other classical clustering algorithms also have their corresponding parallel versions, such as the parallel PDDP algorithm [24] and the parallel Buckshot algorithm (given earlier in [15] and most recently in [9]). 2.3 The Scatter/Gather Approach Scatter/Gather was first proposed by Cutting et al [8], as a cluster-based method for browsing large document collections. The method works as follows: In the beginning, the system scatters the initial document collection into a small set of clusters (i.e., document groups) and presents to the user short descriptive summaries of these clusters. The summaries may include text that characterizes the cluster in general, as well terms that sample the contents of the cluster. Based on these summaries, the user can select one or more of the clusters for further examination. The clusters selected by the user are gathered together into a subcollection. In the sequel, on line clustering is applied again to scatter the subcollection into a new small set of clusters, whose summaries are presented to the user. The above process may be repeated while after each iteration the clusters become smaller and more detailed. With the Scatter/Gather method the user is not forced to provide query terms but from the beginning he is presented with a set of clusters. The successive iterations of the method help the user to find the desired information from a large document collection. Therefore, the Scatter/Gather approach is very useful when the user cannot
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or does not want to express a query formally. In addition, as Hearst and Pedersen showed in [13],[14] the Scatter/Gather method can also significantly improve the retrieval results over a very large document collection. Since each iteration of the Scatter/Gather method requires online clustering on a large document collection, fast clustering algorithms should be employed. Cutting et al [8] have proposed and applied to Scatter/Gather two clustering procedures: Buckshot (which is used also in our hybrid approach) and Fractionation. In [12], a scheme is proposed that after near linear time pre-processing (O(kNlogN)), it requires constant time for the online phase for arbitrarily large document collections. The method involves the construction of a cluster hierarchy. Liu et al in [16] also proposed a new algorithm for Scatter/Gather browsing which achieves constant response time for each Scatter/Gather iteration. Their algorithm requires (as the algorithm in [12]) the construction of a cluster hierarchy.



3 System Architecture The proposed architecture consists of three sub-modules: i) the personalization submodule which collects user related data and recommends initially categories containing documents related to the user’s interests, ii) the content repository which is actually responsible to store the documents and facilitates a user directed search by performing a scatter/gather approach and iii) the parallel processing module which is responsible for speeding up online clustering procedures as well as for preprocessing of documents in real time. In the following sections we explain the main concepts behind the functionality of each sub-module. Fig. 1 shows a generic overview of the proposed architecture.



Fig. 1. Generic overview of the system’s architecture



3.1 Personalization Module In order to build an accurate and effective user model there are two main tasks that the system should support: either i) the user at the time of registration should be able to provide details about his/her personal preferences so as to create easily his/her
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model / stereotype, or ii) the sequence of the topics that she/he usually selects are monitored and could be used to create a model which will direct the system to classify him/her to one community. In general the personalization module should provide support for the following operations: • • •



Provide support in respect to new user’s registration Keep track of user’s preferences in respect to the topics of interest that affect their interaction with the system Present personalized information to users that have similar interests or in general could be classified in a common behavior stereotype.



In respect to the classification model adopted, the system must support the creation of user models / communities using a feature-based representation. Towards this, from a list of generic sub-categories that the user usually explores a user model / community is created using a machine learning approach. Typical algorithms which have been successfully applied towards this direction are the COBWEB algorithm and the Cluster Mining Algorithm [3] and its variations [4][6]. Paliouras et al [5] studied a free-text query based information retrieval service and they constructed models of user communities using these two algorithms. They compared the two approaches using two evaluation criteria: 1) coverage, the proportion of features covered by the models and 2) distinctiveness, the number of distinct features that appear in at least one model divided by the sum of the sizes of all models. Eventually, they concluded that “the cluster mining method is doing consistently better than COBWEB, in terms of coverage, and distinctiveness”. The main principle of the Cluster Mining algorithm is to create - from a graph that contains all the possible features - a sub-graph with weights containing all the features associated with a given user model. In other words, the algorithm constructs a weighted graph G(A,E,wA,wE), where the set of vertices A contains all the features and the set of edges E corresponds to the coexistence of two features in the corresponding model. Then, weights are assigned to both edges E and to vertices A as aggregate usage statistics. In order to lower the complexity of the graph a threshold can be imposed which results in rejecting the edges with an assigned value below that threshold. In figure 2 considering we have a threshold of 0.09 the edge between the categories hardware and databases that has a lower value is rejected (it means that there is no strong evidence that the user or set of user in this specific stereotype are



Fig. 2. The feature-based graph that allows creation of the personalization model



216



P. Belsis et al.



interested in both categories). The remaining subset of the graph results in the construction of the feature group. 3.2 Clustering - Based Browsing for Large Document Collections In addition to personalization, our system also provides effective automatic browsing using the known Scatter/Gather approach (which is mainly based on iterative application of document clustering procedures – see section 2) in order to further facilitate the user search procedure. Moreover, we apply parallelism over a distributed memory environment in order to gain better (and acceptable) total performance for very large document collections. Specifically, we first follow the typical scatter/gather approach proposed in [8], slightly changed due to the fact that in our system personalized documents categorization for each user has already been done via the personalization module of the system. The predefined categories for each specific user (e.g. user model / stereotype based) can serve here as the basic initial clusters for the scatter/gather procedure. Thus, initially, the documents belonging into the specific user-profile categories (in other words, the set of initial clusters assigned to the specific user) are gathered together to form a dynamic (for the specific user) subcollection. An appropriate reclustering procedure is then applied to scatter the user subcollection into a number of document groups, and short summaries of them are presented to the user. Based on these summaries, the user selects one or more of the groups for further study. The selected groups are gathered together again to form a new (smaller) subcollection. The system then applies clustering (re-clustering via the same procedure as above) again to scatter the new subcollection into a small number of document groups, which are again presented (summaries of them) to the user. The user selects again, etc. With each successive iteration the groups become smaller, and therefore more detailed. Ultimately, when the groups become small enough, this process bottoms out by enumerating individual documents. Note that, since an initial (via the personalization module) document recommendation and selection has already been done (assignment of specific categories to each user), initial heavy (and more accurate) clustering (i.e. such as fractionation proposed in [8]) is not necessary. This initial personalized filtering can serve as the basic initial (via a different and more accurate procedure) clustering step proposed in the above reference. Thus, in our hybrid approach, only fast online reclustering procedures have to be considered. Towards this direction, we’ve used a customized version of the Buckshot algorithm (see [8] for a general description) which is a typical quite fast clustering algorithm suitable for the online re-clustering essential for scatter/gather. The Buckshot algorithm is a combination of hierarchical and partitioning algorithms designed to take advantage of the accuracy of hierarchical clustering as well as the low computational complexity of partitioning algorithms. Specifically, it assumes the existence of some (i.e. hierarchical) algorithm which clusters well, but which may run slowly. This procedure is usually called ‘the cluster subroutine’. In our system, we use single-link hierarchical agglomerative clustering method for this subroutine (instead of group-average or complete-link), in order to obtain not very tight initial clusters. Hierarchical conceptual clustering plays an important role in our
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work because we plan, in the future, to combine knowledge acquisition with machine learning to extract semantics from resources found on the Web [2]. Then, the algorithm takes a random sample of s = √kn documents from the collection and uses the specific ‘cluster subroutine’ (hierarchical single-link) as the high-precision clustering routine to find initial centers from this random sample. The initial centers generated from the hierarchical agglomerative clustering subroutine can be used as the basis for clustering the entire collection in a highperformance manner, by assigning the remaining documents in the collection to the most appropriate initial center. The original Buckshot algorithm gives no specifics on how best to assign the remaining documents to appropriate centers, although various techniques are given. In our work we use an iterated assign-to-nearest algorithm with two iterations similar to the one proposed in [9]. The Buckshot algorithm typically requires linear time (since s = √kn, the total time is O(kn) where k is much smaller than n) which is very satisfactory. This establishes the feasibility of the scatter/gather method for browsing moderately large document collections. But for very large document collections the linear time requirement for the online phase makes the use of the scatter/gather browsing method not very efficient. On the other hand, in our system the Buckshot procedure is usually expected to run over controlled-size subcollections (since the user subcollections are the results of personalized filtering procedures). However, in order to face this inefficiency in either case, we apply parallelism over a distributed memory parallel environment, aiming at gaining acceptable performance even for very large document collections. 3.3 Parallel Processing Module As mentioned above, even the Buckshot algorithm in sequential execution tends to be quite slow for today’s very large (huge) collections. Even the most simplistic modern clustering techniques tend to be quite slow too. Naturally, a promising approach could be parallel processing. In our proposed system, we use such efficient parallel techniques in order to achieve acceptable performance even for very large document collections. Moreover, using distributed memory architecture we can reduce the time and memory complexity of the sequential algorithms by a factor of p where p is the number of nodes used. Specifically, towards an efficient design and implementation of the proposed (in the previous section) scatter/gather clustering techniques, we follow the parallel approach presented in [9]. First, an efficient implementation of the underlying hierarchical agglomerative clustering subroutine is constructed (initially based on the parallel calculation of the pair-wise documents similarity matrix – in a distributed manner over the multiple processors, and then iterating to build the cluster hierarchy using the single-link criterion). Based on the above parallel execution of the underlying clustering subroutine, we build an efficient parallel implementation of the Buckshot algorithm (similar again to the one proposed in [9]). The first phase of the parallel Buckshot algorithm uses the parallel hierarchical clustering subroutine to cluster s random documents. The second phase for the parallel version of the Buckshot algorithm groups the remaining documents in parallel. After the clustering subroutine has finished, k initial clusters have been created from the random sample of s = √kn documents. From the total collection n−s
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documents remain that have not yet been assigned to any cluster. The second phase of the Buckshot algorithm assigns these documents according to their similarity to the centroids of the initial clusters. This phase of the algorithm is trivially parallelized via data partitioning. First, the initial cluster centroids are calculated on every node (with use of appropriate collective parallel functions – aiming at properly reducing the total communication cost). After centroids calculation is complete, each node is assigned approximately (n−s)/p documents to process. Each node iterates through these documents in place, (comparing the document’s term vector to each centroid and making the assignment) until all documents are assigned. The second phase is iterated two times. The second iteration recalculates the centroids and reassigns all the documents to one of the k clusters. Moreover, we also apply parallelism during the documents’ preprocessing phase, based on previous works of ours (see [10],[11]). As a part of these techniques, a more accurate off-line clustering algorithm (partitional clustering based on the iterative calculation of connected components of the documents similarity matrix – as a specialization of the single-link hierarchical agglomerative clustering algorithm) is also given. This global initial clustering method is quite useful if the user wish to perform global searches from the beginning (entering natural language keywords etc.) without using any personalization-based categorization feature. The specific used document indexing process (essential as part of the off-line setup/preprocessing phase of the system, in order to be able to apply effectively the similarity-based clustering techniques) follows the basics of the Vector Space Model (construction of weighted document vectors, based on the statistical extraction of word-stems, phrases and thesaurus classes). For speeding up the similarity calculations we also extract and extensively use a global inverted index (as well as partial local inverted lists when needed for parallel clustering procedures). Some of our parallel processing methods (see [10],[11]) have been extensively tested over real distributed memory environment, yielding to very good performance. As the underlying distributed memory platform we use a beowulf-class linux-cluster environment with use of the MPI-2 (MPICH implementation) passing message library. Specifically, our cluster consists of 8 Pentium-4 based processors with 1GB RAM and a dedicated Myrinet network interface which provides 2Gbps communication speed. The corresponding experiments have been done over a part the known TIPSTER/TREC standard document collections.



4 Conclusion Adding personalization features in websites or other systems becomes a very popular approach. Towards this direction machine learning algorithms have proved to be an effective solution. Personalization models base their operation on a limited set of features. In large document collections though it is not sufficient to direct the userqueries based on the generic categories that help build up the personalization model. We have presented a hybrid approach that initiates the user-system interaction by making propositions to the user based on the user model created either by userfeedback or by a machine learning approach based on tracking her/his previous past interaction with the system; accordingly the selected sub-clusters of documents are
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processed and new keywords arise which help build up a new set of sub-clusters of the remaining documents. This process proceeds repetitively with the user’s participation until an adequately limited number of documents have been refined through the user directed queries. The benefit of our approach is that it proceeds in a highly dynamic manner, not limiting the number of features that arise in each step of the query process. Thus, the associated with the resources feature set is updated frequently, resulting in an effective and dynamic re-clustering of documents. In order to keep the response times low, parallel processing techniques are employed. We have described the modular components of a proof of concept architecture that encompasses the basic principles of our approach and we have described good selection choices towards the system’s implementation which is still under continuous development; still, based on previous experimentation of some of its sub-modules [10][11] we provide adequate evidence about the validity of our approach. Acknowledgments. We are grateful to George Paliouras for his helpful comments on the early version of this article.
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