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ABSTRACT
In this paper, we study how we design and implement a XML search engine for construction regulations. First, we describe the problem scenario in the construction industry. Then, we propose an information retrieval system to solve the previous problem. Several key features and design tradeoffs of the IR system are discussed. At the end, we present how the IR system is evaluated and draw the conclusion. 
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1. INTRODUCTION

Although online database systems are widespread today, most construction regulations are still in paper format. The research effort of Engineering Information Group, Civil Engineering Department, Stanford University is to automatically convert environmental and construction regulations into data set in XML format. This type of conversion makes an online regulation database possible. To develop a XML search engine for such a database is imperative. Hence, we designed and implemented a XML search engine, using the regulations in XML format as the data set.

Following is a usability scenario for our XML search engine: Both the search engine and the database are web accessible. A contractor is checking the structure drawings on site. In the drawing, structure engineers specified “Please check construction regulation section ibc.1103.2.9 for equipment space requirement”. The contractor doesn’t have the paper format regulation in his hand. And he can’t remember what is specified in the section ibc1103.2.9.  So, he uses his IPAQ with wireless network connection. He goes to our search engine website and types in the section number in the corresponding field. He easily retrieves the relevant regulation section from the database.

Before we start to design our XML search engine, we are facing a fundamental question – There are two main methods to do searching among the XML files, text search and database search. What is the search method for our search engine? In our IR system, we didn’t equate the XML search with database search. These two searches have different usage. Although database search is applied in our case, the information retrieval of construction regulation, we choose to use text search instead of database search in our project. The reason is as following.

 [2] The database search usually requires creating an object- oriented database to store the XML data and using a XML query language to fetch the results. In our project, we didn’t plan to investigate any XML query language. Moreover, the XML data set we process is in native format. The original regulation is strictly categorized. Different sections are marked as “S1”, “S1.11”, etc. During the conversion, XML tags are attached to the section number. A simple tree structure is formulated for XML regulation, but this format is not close to any relational database format. In most cases, the user only wants to search in the section title or the subsection title. Lucene is used to construct an inverted index file to store the titles information about each section. Under this circumstance, text search is good enough to meet user’s need. That’s why we choose text search in our project.

1.1 Related Work

Current industry trend is that XML data has to be managed in databases. [3] Typically, XML data is mapped into relational tables and store this information in a relational database. However, such mappings create both expressive power problems and performance problems. TIMBER project is to explore the issues involved in storing XML in native format. The project recognizes XML documents to be trees, and build a system to manipulate collections of trees. Information retrieval - the query processing is the focus of the project. Many research are done to bring in the core ideas of database technology, such as declarative querying, a bulk algebra, and cost-based query optimization. Generally speaking, TIMBER did a large amount of effort to post-process the query from algorithm and database perspective in order to optimize the query processing.

Comparing TIMBER with our course project, we find that we are dealing the same data format - XML in native format. In our project, the data sets are typical environmental or construction regulations in HTML format. The Engineering Information Group of Civil Engineering Department, Stanford University provides a pre-process program, which converts the regulation from HTML format into XML native format. Unlike TIMBER, which constructs the XML database as close as possible to the relational database, the conversion we used is much less complicated. The reason is that TIMBER is designed to resolve more general issues. In our project we are only dealing with one type of regulation. The data is highly formulated. Hence, we are able to have the formulated XML data after the simple conversion. Based on the highly clarified data format, we can design an IR system with satisfied recall and precision ratio. After all, the focus of our project is the relevance of the returning result, not the efficiency of the IR system. So, we didn't follow TIMBER's rationale, which post-processes the query into an algebraic representation and choose an appropriate query plan to evaluate the query.

Another IR system related to XML is ToXin, which is also dealing with the native XML database. [4] ToXin is able to exploit overall path structure and supports any general path query. The query evaluation of Toxin can be divided into three stages: pre-selection stage, selection stage, and post-selection stage. ToXin indexes all paths occurring in database. The indexed paths can be treated as a tree structure. During the query evaluation, ToXin first navigates down the tree, then values the selection according to filter. After the selection, ToXin will navigate up and down again. As a summary, ToXin is efficient for information retrieval in native XML database. The path index is linear in corpus size. As a trade off, ToXin ignores both order of notes in the tree structure and semantics of IDRefs.
2. IMPLEMENTATION OF REGCRAWLER

2.1 Architecture of RegCrawler

Followings are the design of our XML information retrieval system and the implementation details:

· Our information retrieval system is built up following the framework shown in the class demo:

· Lucene is used to construct the index.

· Port stemming is used during the index construction.

· Originally we plan to use the Wordnet for synonym thesaurus. This thesaurus will be enhanced considering the context of construction industry. However, this effort was discarded. We will discuss this design decision in detail in later section.

· A cgi-bin website is constructed at http://www.stanford.edu/~haoyiw/. This is the UI of our IR system. Two scripts are used to link the website to our search engine.

· “program_wrapper.pl” - get the query from the web browser.

· “program.sh” - set up the environment and invoke “SearchReg.class”.

· The regulation XML files we use include many regulation elements; each of them has a section number, an optional section title and some legal text content. Based on the XML data format, we design a pragmatic UI. To be specific, user has options to search section content, section title, or section number.

· Follows are major class files in /cgi-bin folder, compiled in JDK1.3:

· “SearchReg.class” - search the index according to different input from pragmatic UI.

· “IndexFiles.class” - build the index from XML files, parse the XML files and index all regulation elements with their id, title and content. Both Lucene API and Xerces XML DOM Parser API are intensively used here.

· “CustomAnalyzer.class” - build the customized analyzer for index and query.

· The index structure has been designed complying with the regulation format. The structure will be updated in order to improve the results relevance after the preliminary evaluation 

· We plan to use XSL to reach the exact retrieved regulation section. At the same time, we plan to show some hierarchy information related to this returning section.

· We do not have a consistent DTD for our data set. But, we do have a special field defined in the XML data file. We use this field to design and implement the relevance feedback feature in our IR system.

The architecture of our IR system can be represented in the following process diagram.
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Figure 1 System Architecture of RegCrawler

2.2 Index Construction, Query Construction and Relevance Ranking

[7] The index is a special database that contains a compiled version of the documents and is optimized for quick lookup for a list of documents that contain certain words (or 'terms'). In our IR system, we use Lucene to control over the information stored in the index. We use the analyzer provided by Lucene. We also use the Porter Algorithm, which is included in Lucene API, for normalization of English words and for generalizing the searches.

Based on features of our data sets, we define an index structure for our IR system. As mentioned before, we allow user to search section title, section number, and section content either separately or jointly. Hence, we construct indexes for section title, section number, and section content separately. In our pragmatic UI, we had different input fields. If user only types in search query in one field, the system will only search over the corresponding index. If query is input in more than one field, all corresponding indexes will be searched because input fields are connected by “AND”.

In our UI, user is able to define complicated query. For example, user inputs “parking space, park” in the section title field with the option of “excludes all words”. The input in the section content field is “wheel chair” with the option of “include all words”. The query means “find all regulation sections which have term ‘wheel chair’ in the section content, but exclude the sections from results which have either ‘parking space’ or ‘park’ in the section title”. Colon is used to separate phrases. Space is used to separate words in a phrase.

Returned results are listed by the ranking of relevance to the query. We use Lucene’s algorithm to calculate the ranking score for each returned result. Following is the formula:
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where:

  score_d   : score for document d

  sum_t     : sum for all terms t

  tf_q      : the square root of the frequency of t in the query

  tf_d      : the square root of the frequency of t in d

  idf_t     : log(numDocs/docFreq_t+1) + 1.0

  numDocs   : number of documents in index

  docFreq_t : number of documents containing t

  norm_q    : sqrt(sum_t((tf_q*idf_t)^2))

  norm_d_t  : square root of number of tokens in d in the same

field as t


Figure 2 Score Algorithm
2.3 Features of RegCrawler

Basic features of our IR system are described as following:

· Based on the XML data structure, user is able to search section content, section title, or section number either separately or jointly. 

· We use a pragmatic user interface so that user is able to specify different types of search. 

· We support Boolean query. To be specific, users have three options for queries: “include all words”, “include any words”, or “exclude any words”. 

· As a routine, query results are divided by pages. 10 results will be listed in each page. Links are available for users to jump into other pages. 

· Query results are ranked by the relevance. 

· The full content of the regulation section might not be shown in the query results if it has so much content. Users are able to browse the original regulation files by clicking on the section number. XSL is used here so that users can go to the exact position of a section directly even if this section is in the middle of a page.

· Hierarchical query results and relevance feedback, as two key features of our IR system, are discussed in detail in later section. 

3. DISCUSSION ABOUT THESAURUS CONSTRUCTION

Less effort has been done to construct an IR system and synonym thesaurus in electronic form for the construction regulations. Due to the resource limitation in this course project, we focus on a relatively small range of data. For instance, we plan to build up the index related to the Post Tension Column Section Design in LRFD (Load and Resistance Factor Design). The lexicon size related to this topic is relatively small. Moreover, only small portion of this lexicon have special meaning in the structure design context. Based on this lexicon, we try to define the synonym thesaurus. Then we plan to consult the faculty members in Civil Engineering Department and experienced structure engineers in the industry to make the thesaurus more precise and meaningful.

However, as commented by Professor Hinrich Schütze, extending the thesaurus you are using with construction specific terminology will be time consuming. In the other words, the cost of manually producing a thesaurus is too high to afford. So, we investigated the possibility of automating the thesaurus construction process. [5] A typical attempt to automatically generate a thesaurus is to analyze a collection of documents. There are two main approaches. One is co-occurrence based; the other is shallow analysis of grammatical relations. We didn’t go further with 2nd approach because the grammatical relations are out of our project interest. In the 1st approach, the simplest way to compute the thesaurus is based on term-term similarities. We experiment this approach a little bit. But the result from this approach makes little sense due to the small size of the data set. So, our IR system doesn’t include a feature of automatic thesaurus generation. 

Another approach to build up the synonym thesaurus is to start with Wordnet. This feature is already included in the demo project. We plan to extend the Wordnet thesaurus with faculties input. However, this approach was failed at the very beginning. Many thesauruses defined in Wordnet are out of context in the construction regulation. By using Wordnet, we actually reduced the performance of the IR system. And we didn’t get more relevant results. Hence, this effort was discarded.

4. CONTEXUAL INFORMATION IN THE RETURNING RESULTS

[6] One of important phases for users during the information access is the results exploration.  In our IR system, the user might get hundreds of regulation sections for a giving query. We must present the results informatively so that users can easily find the most relevant result.

In our data set, most regulation sections are concise. The typical length is one or two lines. So, we are able to show the full content of the section in the query results for most sections. Some sections might have too much content. For those sections, we only retrieve the first two lines of the regulation. User can view the full content by clicking on the section number. As mentioned before, anchored text is used here to ease the browsing activity.

In our regulation database, some sections are only named by section number, such as “BS8300.12.5.3 ”. Other sections might have a meaningful name, such as “car parking”.  But there are many regulation sections which have a subsection with the same name. Possibly, user might look for car parking regulation for hospital. If we only show the section number or section title in the query results, it might be hard for users to explore the results. So, we decided to show some hierarchy information in the query results. As an illustration, we search for “parking spaces”; one of the returned results is “ufas.4.6.3 PARKING SPACES”. The hierarchy tree for this subsection is shown below:
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Figure 3 Hierarchy Tree of A Regulation Section
The hyperlinks to “ufas.4.6”, “ufas.4”, and “ufas” will be listed in the “See also” category right after “ufas.4.6.3” section. With the help of anchored text, user can easily explore the context information by following the hierarchy hyperlinks.
5. RELEVANCE FEEDBACK

In each returned regulation section, we had a link called “Find similar”. If users think that current section is relevant, they can click on this link, which actually marks current section as relevant. [5] Then, our IR system will compute a better representation of the information need based on the user’s feedback. This is the relevance feedback feature of our XML search engine.

Our system only allows positive feedback since it is more valuable than negative feedback. We assume that user has sufficient knowledge for initial query. But we do not assume all relevant documents are similar to a single prototype. We don’t try to define a prototype for relevant documents. What we assume is that all relevant documents have significant vocabulary overlap.

Actually, our system does not treat all words in a regulation section evenly. When the original construction regulation is converted into XML format, the conversion application automatically defines a key word set for each regulation section. This key word set is represented as “Concept” field in the XML data set. One XML element is shown below to exemplify the “Concept” field:
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Figure 4 XML Element Example

When a user clicks “Find similar”, our IR system will extract all key words from concept fields for the current section, then run a new search using the key word set as query. Returned results will be sections which have significant key word set overlap.

Typically, relevance feedback can go through one or more iterations. However, that’s not the case in our system. Our IR system treats each relevance feedback separately. The system does not keep a record of a series feedback from a user. To be specific, a user clicks on “Find similar” for a returned section of query A. This click can be treated as query B. The system will return another set of sections for query B. The user can click any “Find similar” in query B results. The system process these two clicks of “Find similar” separately. There is no correlation between these two feedbacks.

6. THE EVALUATION OF IR SYSTEM

Before the test, we find a series of topics which are common queries in the context of construction regulation. Then, we perform the test manually. In other words, whether a result is relevant is determined by graduate students or faculty members in Civil Engineering Department, Stanford University. That’s how we calculate the precision. We use “cut off” method to further analyze the results.

In this course project, both the XML data set and index structure are highly formulated. Not surprisingly, the precision rate is very high if the cut off ratio is below 40%. We don’t evaluate the recall ratio due to the following reasons:

· It is hard to define the entire relevant document set manually.

· Because of the pragmatic UI and formulated database, recall ratio is very high. As an illustration, if we search a specified section number, the regulation section with the matched section number must be returned as long as such a section exists in the database. For this type of query, both recall and precision will be 100%

Although we have three input fields for queries, we only evaluate queries for the 1st field – section content. The query for the other two fields will be very specific. The number of returned results is small. And almost all returned results are relevant. It does not make much sense to evaluate this type of query.

Following tables are part of our evaluation data. Corresponding diagrams are presented to illustrate how the precision ratio is changed with the cut off ratio.

	search topics
	topics id
	returned
	precison ratio @ x% cutoff

	　
	　
	results
	x=10%
	x=20%
	x=30%
	x=40%
	x=50%

	(ramp,width)
	1
	19
	100%
	100%
	100%
	87.50%
	70%

	(ramp,slope)
	2
	31
	100%
	100%
	100%
	100%
	86.70%

	(parking,space)
	3
	75
	100%
	100%
	100%
	100%
	91.40%

	(building,entrance)
	4
	78
	100%
	93.75%
	83.30%
	75%
	62.50%

	(stair,flights)
	5
	22
	100%
	100%
	83.33%
	87.50%
	80%

	(automatic,door)
	6
	23
	100%
	100%
	100%
	87.50%
	72.73%

	(toilet,space)
	7
	25
	100%
	60%
	57.10%
	70%
	58.30%

	(wheelchair,
	8
	30
	100%
	100%
	88.89%
	91.67%
	73.33%

	space,building)
	　
	　
	　
	　
	　
	　
	　


Table 1 Precision Ratio – 1
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Figure 5 Query Evaluation – 1

	search topics
	topics id
	returned
	precison ratio @ x% cutoff

	　
	　
	results
	x=20%
	x=40%
	x=60%
	x=80%
	x=100%

	　
	　
	　
	　
	　
	　
	　
	　

	(movement,
	1
	6
	100%
	100%
	100%
	80%
	83.33%

	building)
	　
	　
	　
	　
	　
	　
	　

	(handrail,
	2
	4
	100%
	100%
	100%
	90%
	75%

	height)
	　
	　
	　
	　
	　
	　
	　


Table 1 Precision Ratio – 2
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 Figure 6 Query Evaluation – 2
As shown in the previous diagram, the precision is around 100% if the cut off ratio is below 30%. In other words, the 1st quarter of results are most relevant. Generally speaking, users will be able to find the satisfied query results in the first two pages if the number of returned results is around 100 and each page lists 10 results.

During the evaluation, we find that the precision sometimes is query dependent. For example, “flights” has a single professional meaning in the construction regulation context. The results set of Querying “flights” will have a very high precision.  And the precision doesn’t drop sharply when cut off ratio is increased from 30% to 50%.

7. CONCLUSION

RegCrawler can be used as a powerful search tool on construction regulations. It is built from advanced XML and information retrieval technology. The naïve user can find the start point from a natural-designed interface, and an expert can adjust his/her query straightforward from the returned results. At the same time, this design idea can be easily extended to any large textual document set, which has similar internal structures like these construction regulations.    

In summary, the main achievements of our study were the following:

· Efficiently indexing and searching the XML formatted text files by using Lucene and Xerces software package.

· Implement a search system through web GUI and CGI, which provides user a better interface than TTY and also allows user access the system remotely. 

· As the first XML search engine for construction regulation, it has the great potential in the academic research and industry.

· Incorporate to the contextual / hierarchical information in the query results.

· Incorporate the relevance feedback in the query results.

This project is our first exploration step in the IR field. There are still many interesting topics we want to implement or improve for this system, like how to deal with the relationships among the XML elements, or how to make the relevance feedback more efficient and precise. We hope we can continue our study in the following courses on IR.
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Precison @ cut off

		

		topics		# of returned		terms		# of matched regulation		# of matched regulation		# of relevant regulation		# of relevant regulation		# of relevant regulation@

				results				10%		20%		30%		40%		50%

		ramp,width(for accessbility for wheel chair)		19				2 vs 2		4 vs 4		6 vs 6		7 vs 8		7 vs 10

		ramp,slope (for slope chair)		31				3 v 3		6 v 6		9 v 9		12 v 12		13 v 15

								7		14		21		28		35

		parking, space		75				7 v 7		14 v 14		21 v 21		28 v 28		32 v 35

								8		16		24		32		40

		buiding,entrance		78				8 v 8		15 v 16		20 v 24		24 v 32		25 v 40

								20%		40%		60%		80%		100%

		movement, building		6				1v1		2v2		3v3		4v5		5v6

		stair,flight		22				2v2		4v4		5v6		7v8		8v10

		handrail,height		4				1v1		2v2		2v2		3v4

		automatic,door		23				2v2		4v4		6v6		7v8		8v11

		theatre,seat		3

		toilet,space		25				2v2		3v5		4v7		7v10		7v12

		elevator,indicator		7

		health,care		12

		wheelchair,space,building		30				3v3		6v6		8v9		11v12		11v15
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final table 1

		

		search topics		topics id		returned		precison ratio @ x% cutoff

						results		x=10%		x=20%		x=30%		x=40%		x=50%

		(ramp,width)		1		19		100%		100%		100%		87.50%		70%

		(ramp,slope)		2		31		100%		100%		100%		100%		86.70%

		(parking,space)		3		75		100%		100%		100%		100%		91.40%

		(building,entrance)		4		78		100%		93.75%		83.30%		75%		62.50%

		(stair,flights)		5		22		100%		100%		83.33%		87.50%		80%

		(automatic,door)		6		23		100%		100%		100%		87.50%		72.73%

		(toilet,space)		7		25		100%		60%		57.10%		70%		58.30%

		(wheelchair,		8		30		100%		100%		88.89%		91.67%		73.33%

		space,building)





final table 2

		

		search topics		topics id		returned		precison ratio @ x% cutoff

						results		x=20%		x=40%		x=60%		x=80%		x=100%

		(movement,		1		6		100%		100%		100%		80%		83.33%
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		(handrail,		2		4		100%		100%		100%		90%		75%

		height)

								20%		40%		60%		80%		100%
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Precison @ cut off

		

		topics		# of returned		terms		# of matched regulation		# of matched regulation		# of relevant regulation		# of relevant regulation		# of relevant regulation@

				results				10%		20%		30%		40%		50%

		ramp,width(for accessbility for wheel chair)		19				2 vs 2		4 vs 4		6 vs 6		7 vs 8		7 vs 10

		ramp,slope (for slope chair)		31				3 v 3		6 v 6		9 v 9		12 v 12		13 v 15

								7		14		21		28		35

		parking, space		75				7 v 7		14 v 14		21 v 21		28 v 28		32 v 35

								8		16		24		32		40

		buiding,entrance		78				8 v 8		15 v 16		20 v 24		24 v 32		25 v 40

								20%		40%		60%		80%		100%

		movement, building		6				1v1		2v2		3v3		4v5		5v6

		stair,flight		22				2v2		4v4		5v6		7v8		8v10

		handrail,height		4				1v1		2v2		2v2		3v4

		automatic,door		23				2v2		4v4		6v6		7v8		8v11

		theatre,seat		3

		toilet,space		25				2v2		3v5		4v7		7v10		7v12

		elevator,indicator		7

		health,care		12

		wheelchair,space,building		30				3v3		6v6		8v9		11v12		11v15





draw

		

		search topics

				10%		20%		30%		40%		50%

				100%		100%		100%		87.50%		70%

		(ramp,width)		100%		100%		100%		100%		86.70%

				100%		100%		100%		100%		91.40%

		(ramp,slope)		100%		93.75%		83.30%		75%		62.50%

				100%		100%		83.33%		87.50%		80%

		(parking,space)		100%		100%		100%		87.50%		72.73%

				100%		60%		57.10%		70%		58.30%

		(building,entrance)		100%		100%		88.89%		91.67%		73.33%

		(stair,flights)

		(automatic,door)

		(toilet,space)

		(wheelchair,

		space,building)
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final table 1

		

		search topics		topics id		returned		precison ratio @ x% cutoff

						results		x=10%		x=20%		x=30%		x=40%		x=50%

		(ramp,width)		1		19		100%		100%		100%		87.50%		70%

		(ramp,slope)		2		31		100%		100%		100%		100%		86.70%

		(parking,space)		3		75		100%		100%		100%		100%		91.40%

		(building,entrance)		4		78		100%		93.75%		83.30%		75%		62.50%

		(stair,flights)		5		22		100%		100%		83.33%		87.50%		80%

		(automatic,door)		6		23		100%		100%		100%		87.50%		72.73%

		(toilet,space)		7		25		100%		60%		57.10%		70%		58.30%

		(wheelchair,		8		30		100%		100%		88.89%		91.67%		73.33%

		space,building)





final table 2

		

		search topics		topics id		returned		precison ratio @ x% cutoff

						results		x=20%		x=40%		x=60%		x=80%		x=100%

		(movement,		1		6		100%		100%		100%		80%		83.33%

		building)

		(handrail,		2		4		100%		100%		100%		90%		75%

		height)
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