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École Nationale Supérieure des Mines de Saint-Étienne michel.beigbeder@emse.fr Abstract. Our experiments in the 2006 INEX ad'hoc track were based on the use of the proximity of the query terms in the documents to rank them. More precisely we define around each occurence of a query term an influence function. For an occurence appearing in the text itself, this influence function is linearly decreasing from 1 to 0 depending on the distance to the occurence. When a query term happens to appear in a title of a structured document its influence is uniformly 1 from the beginning to the end of the (sub-)section. We use boolean queries and these influence functions are combined according to the tree of a query using fuzzy logic. The score of any part of a document is the summation of the resulting influence function at the root of the query tree on the range of this part. We present and comment the results.

Introduction

The needs for information retrieval are now quite well established and the tools have a large acceptance from the users. Though quite every documents are created with some structure in mind, the methods and tools are mainly dedicated to flat documents as opposed to structured documents. Moreover most of the methods used for information retrieval on flat texts don't even take into account the basic structure of text: its linearity. In fact they are based on frequencies of terms (both in the documents and in the collection) and on the document lengths. Though there were some attempts to use the position of word occurences in the text with either explicit proximity operators in the query language or ranking based on proximity of the query terms. These attempts are reviewed in section 2.

Concerning the logical structure which is the structure commonly refered to when speaking about structured documents, it is only quite recently that a sufficiently widespread representation for it is available so that large corpora of structured documents are available. So it is now possible to experiment in the large some of the ideas developped for structured information retrieval in the past and to design new methods.

We present in this paper an extension to structured documents retrieval of a proximity based method originally dedicated to flat texts. Our model can easily compute a score for any segment of text, in particular for any section or the whole document. First in section 3, we present the document model this method deals with, and in section 4 the method itself. In section 5 we present the experiments made within the INEX 2006 campaign.

Proximity Use in Flat Document Retrieval

The idea of using the proximity of the query keywords for retrieving flat documents was first implemented in boolean systems with a NEAR operator. This operator itself was an extension of the ADJ operator. These two operators can be used between keywords in a boolean query and its truth value is related to the positions of the two connected keywords. The NEAR operator evaluates to true if the two terms appear within k words of each other (k is one for the ADJ operator).

The motivation for the ADJ (resp. NEAR) operator is to be able to describe in the query the needs for phrases (resp. loose phrases). These operators still are in use in tools used for searching in library catalogs. Though, from a technical point of view, they suffer from two handicaps that slowed down their use in plain text search engines. The first one is that they are closely linked to the boolean retrieval model which does not allow to rank the retrieved documents. The second one is that they do not fit well in the boolean query language model itself because they can only connect keywords and cannot be consistently extended to connect boolean sub-expressions.

More recent ideas for using keyword proximity were developped and they don't have these two limitations. Concerning the second one, the queries accepted by the query language model are either bags of terms or classic boolean expressions (only AND and OR operators). About the first one all the methods score the documents with respect to the positions of the keywords occurences, taking into account their proximity. We will now describe the basis of some of these methods

Interval Based Methods

For their participation to the TREC-4 campaign, both Clarke and al.

[1] and Hawking and al. [START_REF] Hawking | Proximity operators -so near and yet so far[END_REF] developped similar methods to rank text documents according to the proximity of the query keywords. The ideas are to select some intervals of text that contain all the keywords; to attribute a score to these intervals (the shorter the interval, the greater the score) and to sum up all these scores to score the document.

The two methods differ in the selected intervals: for Clarke and al. intervals cannot be nested because only the shortest ones are selected. For Hawking and al., for each occurence of any of the keywords, the shortest interval that contains all the keywords is selected. So if there are two successive occurences of the same keyword without any occurences of any other keyword in between, two nested intervals are selected.

The two methods also differ in the interval scoring, Clarke and al. chose a score that is roughly inversely proportional to the interval length and Hawking and al. chose a score roughly inversely proportional to the square root of the interval length.

The idea of using intervals was then revisited by Rasolofo and al. [START_REF] Rasolofo | Term proximity scoring for keyword-based retrieval systems[END_REF]. They chose to base their method on Okapi and they add an additional score to the Okapi probability. This additional score is based on the intervals containing any query terms pair: Each of the intervals shorter than a specified constant (6 in their experiments) that contains occurences of two query terms contribute to this additional score.

Fuzzy Influence Function Model

Beigbeder et al. [START_REF] Beigbeder | An information retrieval model using the fuzzy proximity degree of term occurences[END_REF] developped a retrieval model based on the fuzzy proximity of the keywords. More precisely each occurence of a keyword has a fuzzy influence on its neighbouring. This influence reaches its maximum value one at the keyword occurence position and decreases with the distance to this position. The most simple function that have this behaviour is a triangle function. Moreover there is an easy way to define a control parameter in such a function: its width, the length of the triangle basis. We will call k half of this length, it controls the range of the influence of an occurence.

Given a term the influences of its occurences are combined with a maximum operator. If the influence function is symmetrical, it consists in considering that at a given position the influence is determined by the nearest occurence of the term.

Their query language model is that of the classical boolean model with AND, OR and NOT operators (neither NEAR nor ADJ). The influences of the query terms are combined in the query tree according to the fuzzy logic interpretation of the union and intersection operators Let us consider an example with the document XXXXAXXXBXXX XXwhere there is an occurence of the term A (resp. B) at position 5 (resp. 9) and where X denotes any term different from the terms A and B. Figure 1 shows the proximities to the terms A and B in this sample document (with k =5)and their combination with a minimum corresponding to the AND operator.

Finally the score of a document is the summation of the influence function over all the positions in the text. It consists in evaluating the area under the curve associated to the root of the query tree. With our example, this is the area under the triangle of the curve A AND B. This is this model that we extended to some kind of structured documents.

Our Model of Structured Documents

Our work is pragmatic with respect to the structure of documents. We want to take into account the basic structure of many kinds of document models: nested sectionning and titles. This is the basis for scientific articles and technical documents but also for many more informal documents. We ignore any other structure, such as lists and emphasis for instance. As a particular case, we consider that a document is the highest level in the sectionning hierarchy. Another point is that sectionning and titles are tightly related so that in the L A T E X styles, only sectionning commands (\section, \subsection,...)are available and the titles are given as parameters to these commands.

So the basis for our document model is the family of document which could b ec o d e di nt h eL A T E X styles with the sectionning commands only. Here Formally the grammar of our document model is:

document = section section = '<section>''<title>' title text '</title>' section content '</section>' section content =( section text | section )*

Influence of Keywords Occurences

In the model presented in section 2.2, the influence of a term was only modelized for linear text. With our model of structured document, we have to modelize the influence of an occurence of a query term depending on the structural part in which this occurence does appear. As our document model is very simple there are only two cases: Occurences can appear in section text parts or title text parts.

For a term occurence which appears in the section text parts, the basis is the same as in linear text: A decreasing value of the distance to the occurence. But we add another constraint, the influence is limited to the section text part in which the occurence does appear.

Let us consider a document with the same text than the sample document of section 2.2 but with some structural tags: <section> <title> X XXXA </title> X X X BXXXXX</section>. The occurence of the term B is in the section text part of the section. Figure 2 shows the limitation of the triangle proximity to the term B in the document to the surrounding section.

For term occurences which appear in the title text parts their influence is extended to the full content of the section and recursively the subsections contained in the corresponding section content part.

Considering our sample structured document the occurence of the term A is in the title text part of the section. Figure 2 shows the propagation of the influence of the occurence of the term A that appears in the title to the whole section.

Otherwise, like in the model presented in section 2.2, we use a boolean language query model and we combine the influence functions with min and max operators on the internal nodes of the boolean query tree. The basic score of a section is the summation of the influence function at the root of the query tree. We normalize this score by the maximum score reachable for this section. As the maximum value of the influence function is one. The maximum score simply is its length. Note that this maximum can actually be reached, for instance if all the query terms appear in the title of a section. The main part of the conversion consists in keeping the text and the section and title tags with their corresponding closing tags. This can easily be done with an xslt processor, but some non obvious choices have to be made about the textual content, particularly concerning the spaces. Unfortunately, at the syntactic level no right choice can be made because of an inconsistent use of some tags. For instance, the document number 1341796 contains the following highligth (the attributes of the collectionlink tags are removed):

This is a <emph3>List of <collectionlink ...>poison</collectionlink>ings</emph3>in alphabetical order of victim. It also includes confirmed attempted and fictional poisonings. Many of the people listed here committed or attempted to commit <collectionlink ...>suicide</collectionlink>by poison; others were poisoned by others.

The question is to insert or not a space after the closing of the collectionlink tag. If a space is inserted, the following text is generated (mistake is emphasized):

This is a List of poison ings in alphabetical order of victim. It also includes confirmed attempted and fictional poisonings. Many of the people listed here committed or attempted to commit suicide by poison; others were poisoned by others.

which is correct for the second instance of the tag, but not for the first one. If no space are inserted, the following text is generated:

This is a List of poisonings in alphabetical order of victim. It also includes confirmed attempted and fictional poisonings. Many of the people listed here committed or attempted to commit suicideby poison; others were poisoned by others.

with the reverse correctness. Notice that a choice about spaces are to be made for each tag, and in the above examples, the emph3 tags were replaced by spaces.

As no consistant choice could be made, we chose to insert space for each tag.

Indexation Tool and Index Structure

We used as a basis for the indexation the tool Lucy1 in version 0.5.4. Though it is an outdated version that is now replaced by different versions of zettair2 , we had some experience with it as we extended it with an implementation of the model presented in section 2.2. It is a good basis because it keeps within its index the position of every occurence of every term, and its lexical analyzer can recognize the syntax for any XML tags. At the indexation phase, we added the code necessary to keep track of the position and the nesting of the section and title tags. Remember that all other tags were removed in the previous step when the documents were converted to our model.

Building the Queries

Queries could be automatically built with the conjunction of the terms that appear in the title field of the topics. As our method is highly selective, there would be very few results if any in the retrieved list of documents with such queries. So either the basic conjunctive queries or the retrieval procedure have to be relaxed in some way. Keeping these automatic conjunctive queries it is possible to enlarge the result set by using a lemmatization both in the indexation phase and in the query analysis. We didn't try this solution but we chose to build the queries manually. With a basis of the conjunction of the terms found in the title field, sometimes, some terms were removed, but more often, these terms were expanded with disjunction of variations of the terms. These variations could simply be flexionnal ones (plural vs. singular) or derivationnal ones (verb, noun, adjective) or even semantic ones (synonyms or related concepts).

For instance, the title field of the topic number 289 is emperor "Napoleon I" Polish With a simple conjonction, the query could be (the '&' symbol is used for the boolean AND operator):

emperor & Napoleon & I & Polish
But some relaxation of it can be derived, for instance:

emperor & Napoleon & Polish Napoleon & Polish Napoleon & (Polish | Poland)
By using the description, narrative and ontopic keywords fields, other queries can be formulated, for instance:

Napoleon & (Polish | Poland | Laczynska | Malewski | Poniatowski)
We built two sets of queries, the short ones where we used only the title keywords with very minor expansion, and the enhanced queries for which we used terms from any field with expansions.

Runs

Given the queries and the value of the parameter k, our method is able to compute the fuzzy proximities to the query terms for each leaf of the query tree and to combine these influences up to the root of the tree. With our two query sets we used two values of k, 50 and 200. As only three runs could be submitted, we sent as official runs these combinations except the one with enhanced queries and k = 50.

Then a score can be computed for any span in the document. We computed scores for the whole documents and all its sections and subsections recursively. This was our participation to the Thorough task.

For the Best In Context task we searched for the maximum of the influence function at the root of the query tree and returned the section of highest level which contained the position at which this maximum was reached.

Finaly for the Focused task, the different parts of the documents were sorted with two keys: first, the score of the document to which it belongs; and then its own score.

6R e s u l t s

Whatever the task, our best results were obtained with our set of enhanced queries. With the set of short queries, our two sets of results with k =5 0a n d k = 200 are very close one to each other and quite worse than with enhanced queries. This shows that the expansion mechanism is mandatory. More experiments should be done on the value of k to draw some conclusion. In the following all the results are related to the set of enhanced queries. Figure 3 shows our results summarized with the ep-gr metric for the set of enhanced queries and k = 200. At the first level, the results are quite good but there is a rapid decrease in quality and it is very near from zero after 0.1. The same behaviour is seen in the results for the focused task either with overlap On (Fig. 4) or Off (Fig. 5). Moreover these figures display the result measure at 5 documents. When looking further in the list of results, our method compare less and less favourably to other methods. We develop some explanations about this remark in the following.

Our queries are conjunctions of the terms that a (part of a) document has to contain to have a non zero score. Moreover the occurences of the different terms must be close one to each other. As a result this method is highly selective. Table 1 displays the distribution of queries in regards to the length of the result list built by our method. This highlights the fact that our list of results are quite short. The length of the lists are longer as k increases -which is trivial -and longer also with the enhanced queries as most of them relax the constraints on the retrieved documents. Also it can be seen that the very large majority of our result lists are much shorter than the limit of 1500 imposed by INEX.

It seems though that we obtain a quite good precision. Our summarized results were also disavantaged because of our simplification of the structure. In the thorough task we only returned elements tagged as sections and did not add higher level elements when one section was retrieved.

Finally our propagation mechanism was disturbed by strange documents. For instance document number 192509 contains many text in lists between the <title> and </title> tags. This results with our structure simplification with a very long title whose terms are propagated to the whole title and its associated section. If it happens that all the query terms appear in this erroneous title the section reach a maximal score of 1. Besides this "document bug", it highlights ad r a w b a c ko fo u rm e t h o d .

7C o n c l u s i o n

We presented in this paper the ideas used for our participation to the INEX 2006 campaign in the ad'hoc retrieval task. Our method is based on the proximity of the keywords in the document and the propagation of the title words to the whole associated section. We obtained quite good precision results. The summarization done by the official measure was at our disadvantage because our result lists were very short and because we simplified the structure so we did not return every kind of elements. We also found that this method needs query expansion mechanism. Further works are to be done to study the best setting for the parameter k which controls the range of influence of a term in the text. Also some work has to be done to improve the propagation mechanism of title words which is very crude at the time. 
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 1 Fig. 1. Proximities to the terms A and B and their combination for the query A AND B: x-axis: position of words in the text, y-axis: fuzzy proximities
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 2 Fig.2. Limitation of the influence of an occurence to the section text part in which it appears (proximity to the term B); propagation of a title term (proximity to the term A): x-axis: position in the text, y-axis: fuzzy proximities
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 3 Fig. 3. INEX 2006: Results' Summary, Metric: ep-gr, Quantization: gen, Task: thorough, Run: title Q Prox200NT02
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 4 Fig. 4. INEX 2006: Results' Summary, Metric: nxCG[5], Quantization: gen, Task: focused, Overlap=On, Run: title Q Prox200NF02
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 5 Fig. 5. INEX 2006: Results' Summary, Metric: nxCG[5], Quantization: gen, Task: focused, Overlap=Off, Run: title Q Prox200NF02

Table 1 .

 1 Distribution of queries as a function of their result list length

		No result 1t o1 010 to 100 100 to 1000 more than 1000
	Thorough k=50 short	13	21	50	37	4
	Thorough k=200 short	7	20	46	44	8
	Thorough k=200 enhanced		7	53	55	10
	Fo c./Best k=50 short	13	40	48	22	2
	Foc./Best k=200 short	7	30	60	26	2
	Foc./Best k=200 enhanced		15	75	32	3
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