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ABSTRACT

Web-FIXS is a knowledge system in the domain of steel bridge fabrication errors using both rule-based reasoning (RBR) and case-based reasoning (CBR). In previous work, Fabrication error Indexed eXamples and Solutions (FIXS) was successfully implemented for Windows platforms. In the current research, the knowledge-based system was ported to the World Wide Web to service clients from various computer platforms. 

Web-FIXS adds features to support a web interface and expanded functionality. To ease information gathering for the expansion of the repair database, a web submittal mechanism was developed.  A discussion forum was established on the web server to facilitate sharing of knowledge, either between bridge experts or targeted users. In addition to the repair database itself, the project also began a tutorial introducing bridge engineers to issues necessary for good resolution of fabrication error situations. 

Web-FIXS is implemented in the programming language PROLOG, ProWeb and linked HTML files. The main software resides on a Windows version server computer. Using standard Internet protocols, it serves remote clients. By a web management system, new and updated knowledge may be introduced routinely to keep pace with changes in the steel bridge design industry and the methods of repairing fabrication errors.
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1 INTRODUCTION AND BACKGROUND


1.1 PROBLEM STATEMENT

1.1.1 Fabrication Errors in Steel Bridges

Fabrication errors in steel bridges need to be recognized and corrected properly and efficiently. To arrive at the best possible solutions, engineers need not only knowledge of material and fabrication specifications, but also experience and a good understanding of the practical limitations faced by fabricators. The engineer considers the particular error situation for each case. Experience and expertise are scattered and vary among individuals and across Departments of Transportation (DOTs). Researchers at the University of Kansas collected cases and advice to make solutions widely available. The software, Fabrication error Indexed eXamples and Solutions (FIXS), is a knowledge-based system (KB) to provide quick, feasible solutions to fabrication errors suitable for use by multiple DOTs. The sharable database can lead to standardized solution procedures that would expedite bridge fabrication and would be expected to reduce fabrication costs.

1.1.2 History of System Development

The first attempt at a knowledge-based system for fabrication errors, called Bridge Fabrication error solution eXpert system: BFX, used a rule-approach [Roddis and Hess 1994]; [Melhem, Roddis, Nagaraja, and Hess 1996]. To overcome the rule-based expert system’s restrictions, a case–based approach, CB-BFX was investigated [Roddis and Hess 1994];[Melhem, Roddis]; [Nagaraja, and Hess 1964]. The initial version of FIXS [Roddis and Greenfield 1998] combined the rule and case approaches. A second version of FIXS [Roddis and Wang 1999] improved the knowledge level of the system to provide solutions and examples to steel bridge fabrication errors with detailed graphical and instructive information as well as enhanced explanations using both rule-based and case-based reasoning.

FIXS has proven useful, but so far has had only limited distribution. Work is currently under way on a version to make the results of the previous FIXS project widely available and to enhance the repair database. This work is sponsored by thirteen states (ID,IL,KS,MI,MN,MO,MT,NH,NJ,NV,PA,TX,WY). The funding is through a Federal Highway Administration pooled fund study with Kansas acting as the lead state. The objective is to develop a version of FIXS that is easily available to multiple State Departments of Transportation (DOTs). Software enhancements are added to FIXS to readily address the needs of multiple DOTs. 

1.1.3 Web-FIXS

The Internet offers a large potential for delivery of various services, including the services of intelligent applications. As the availability of the Internet has grown, its value as a medium for the delivery of KB systems in particular has increased.  The advantages of the Internet for KB systems include: easy access, common interfaces, immediate information exchange and services, as well as a variety of development tools. Making the FIXS system available on the Internet allows bridge engineers to access it from various computer platforms, such as Windows, Macintosh, Unix, and Linux systems. As Internet technology develops, engineers conceivably may access it anywhere by computer, palm computer or even cellular phone. The Web-FIXS service allows engineers to immediately get help from documents provided by experts or other engineers. Engineers may also exchange their experiences through a discussion forum as well as submitting their cases to be added to the regularly updated FIXS database. 

The results of the development of the revised FIXS will be made available to encourage changes in practice to prevent the occurrence and ease the resolution of common fabrication errors.

However, there are problems associated with converting FIXS to a Web-based service. The challenges include the need to keep up with rapid technological change; the need for decentralized support; the need to maintain routing services; and the use of a suite of software tools to achieve the desired functionality. Prolog, ProData, ProWeb, Access, IIS (Internet Information Services) and HTML tools were all used in developing Web-FIXS. Prolog, ProWeb and IIS underwent updates in the single year of development. 

1.2 PROJECT OBJECTIVES 

The objectives of this project are to:

(1) Port the existing version of FIXS [Roddis and Wang 1999] to the web environment

(2) Provide a discussion forum for engineers to exchange information

(3) Provide Web-FIXS users with a mechanism for easy case submission.

(4) Provide a site map and links to connect FIXS case and rule based software, project documents, project personnel, and members of FIXS technical committee

(5) Establish a system to manage site users, and

(6) Provide a maintenance manual for the web site.

Objective 1 is accomplished using the programming languages ProWeb and PROLOG in conjunction with the program named MESS (Modest Expert System Shell) (Spratt 1998) based on IIS (Internet Information Services) of Windows 2000.  MESS is an expert system shell written in PROLOG, which provides general rule-based reasoning services.  Case-based reasoning services are provided by a custom written CBR shell.  SCBR (Simple Case-Based Reasoning) is written in PROLOG and integrates with MESS.

Objectives 2, 3, and 5 are accomplished by using the programming languages ProWeb, Prolog of the Windows operating system. 

Objective 4 is achieved by using Microsoft FrontPage to make HTML documents.

Objective 6 is accomplished by organizing all FIXS services into a coherent web site.

2
DEVELOPMENT OF WEB-FIXS

2.1
DEVELOPMENT TOOL CHOICE

PROLOG was used to implement the first version of FIXS [Roddis and Greenfield 1998]. Software development of the combined rule-based and case-based application began with a search for suitable commercially available off-the-shelf development tools.  The development tool needed to include the ability to make combined use of RBR and CBR in one package.  DOT users of the application required it to execute under the Windows operating system, since this version was run directly on DOT PC’s and did not anticipate the use of web-b.  The software needed to be distributable royalty free.  A robust GUI development environment was desired. With these requirements to satisfy, no suitable commercial development tool was found.  Focus on the development tool turned toward a custom written development tool using an existing expert system shell which could be modified to meet the requirements.

PROLOG was chosen as the programming language since it readily supports the development of RBR and CBR mechanisms.  LPA WIN-PROLOG (Logic Programming Associates Ltd 1997) was the specific PROLOG compiler used for the application.  WIN-PROLOG supports all of the Windows operating system versions required for deployment of the application to end users.  Applications can be delivered royalty free in a stand-alone form, simplifying software distribution.

An expert system shell, written in the programming language PROLOG, named MESS (Modest Expert System Shell) was chosen to provide the rule-based tools for the application.  The developer of this tool was available to make modifications to the shell when needed such that it could be tailored to the requirements of the application.  A custom CBR shell named Simple Case Based Reasoning (SCBR) was also written in PROLOG.  

The objectives of Web-FIXS include various services on Internet. The previous Windows version FIXS provides services to one client using a knowledge database not easily updated remotely. Web-FIXS communicates with multiple clients, Using a centrally maintained extended knowledge database.  In other words, Web-FIXS acts as a knowledge repository available anywhere and anytime as a computer service to provide clients with various information and suggestions.  Various development tools such as Sun’s Java and Netscape’s JavaScript could be used to embed the application inside HTML documents and have it interpreted by the client’s browser. This approach requires that every client system have the capability built-in to run those applications. Also, these products are difficult to coordinate with the existing FIXS source code, which is written in PROLOG. For this reason, the LPA ProWeb Server (ProWeb) was chosen as the main develop environment for Web-FIXS. 

ProWeb puts the inference operations on the server side of the connection rather than on the client’s side. This approach not only solves bandwidth problems required by embedded applications, but also makes available to user applications that could not be run on the client machine. ProWeb is a specialized extension to the Hypertext Transport Protocol (HTTP) server written in PROLOG, ProWeb supports the development, testing, and deployment of intelligent, dynamic, server-based applications on the Internet. By generating all the required HTML and CGI code needed to run smoothly on the web, ProWeb basically provides a link between an HTML page displayed on client’s web browser and the remote application running on the server. When the client views HTML pages, it simply asks for the next HTML page via its Uniform Resource Locator (URL), so the server may return it.

JavaScript code is used to provide active HTML pages. Active HTML pages are web pages, carrying hidden information or applications. For example, answering “WHY” in Web-FIXS, instead of communicating with the server, the why button opens a small information window. 

ProData, another product for LPA (Logic Programming Associates Ltd), was investigated as a means to link data base files with Data Sources (ODBC). However, the problems occurred when ProData and ProWeb were combined to handle the database. To keep the important retrieved features of PROLOG, ProWeb reruns the program call from the beginning after any HTML form is returned. Currently ProWeb does not correctly handle the linking codes with ProData, so data retrieval may make more than one link to ODBC and store data more than one time in the database file. For this reason, another approach to establish a database management system (DBMS) linked to by PROLOG was used to finish objectives (2), (3) and (5). In this approach, the data are stored in text files with special ASCII characters (252, 253, 254) to separate records. Even though ASCII 252, 253, and 254 are rarely used in any document, a check operates whenever input data are collected. The approach offer unlimited words space to each recorded item.

2.2       DESIGN CONSIDERATIONS


Design issues addressed during the development of Web-FIXS are: handling multiple users, concurrent operation and data retrieval, web security, setting timing parameters, and management of categories of users. In Web-FIXS, following approaches were taken.

(1) Serving multiple clients

Web-browsers allow many clients to view the same HTML page on multiple servers at the same time. This means that many clients could potentially send a response to Web-FIXS at any one time. By assigning a unique identification tag to each conversation, ProWeb handles simultaneous conversations. The unique conversation identification tag also ensures that no two conversations interfere with one another.

(2) Data retrieval

Data retrieval was the special structure of ProWeb to handle the backtracking process, a feature distinguishing PROLOG from procedural languages such as C++, BASIC, and FORTRAN. Due to the Web’s asynchronous nature, getting to the correct continuation point in a conversation is especially hard. ProWeb try to track of the current execution state for each client and uses this information to support backtracking through the search space to provide alternative solutions where appropriate. In other words, the application is re-run from the beginning every time a response is received from a client.  In the process, some program calls, which should behave deterministically but are not controlled by ProWeb, may run several times and cause problems. The current version of ProData does this, resulting in having ProWeb connecting ProData calls to ODBC and writing database files many times. For this reason, retrieving data needs to be carefully handled in Web-FIXS. Important data are stored in different folders from the executing ProWeb program. Writing operations are controlled carefully to ensure the types and formats of data are correct. Correct use of backtracking feature avoids potential data lost. 

(3) Security

The development of Web-FIXS considered the issue of computer security. The Web-FIXS files, including HTML, ProWeb executable program, images, temporary files, and database files, are stored in different folders. The ProWeb executable program folder alone is given more sharing rights (including read, write, script source access, directory browsing, and application permissions) to web clients. Input data from clients is checked to ensure correct data types and permitted characters, before use and storage. 

(4) Control time settings

The following time settings where selected for routine processing of Web-FIXS. Web managers may change these setting in the future if performance demands. 

The start_timeout setting specifies the number of seconds before ProWeb.exe abandons trying to start Proweb.sys. The current Web-FIXS setting is 30 seconds.

The query_timeout setting specifies the maximum number of seconds allowed to execute the main goal. Whenever “proweb.exe” instructs “proweb.sys” to execute a goal, it will only wait this period of time. The current Web-FIXS setting is 60 seconds.

The temp_timeout Setting specifies the maximum number of seconds allowed for a client to respond to the server. The current Web-FIXS setting is 3600 seconds.

The idle_timeout Setting specifies the maximum number of seconds allowed for “proweb.exe” and “proweb.sys” to remain idle; After this time they will automatically shut themselves down. The current Web-FIXS setting is 3600 seconds.

 (5) Management of Web-FIXS

Unlike previous versions of FIXS, Web-FIXS offers a dynamic environment. The new case database may be changed frequently, as may the discussion forums. To ensure content quality, general clients do not have privileges to delete or modify data in the knowledge base. The site users management tool has been set up to offer routine operation from three levels of users. Regular users have read but no write. Special clients, the service managers can participate in closing accounts and organizing case files remotely. Highest-level managers can update execute program and database files in server computer following the procedures offered in the report. 

2.3       STRUCTURE OF WEB-FIXS

The structure of Web-FIXS is shown in the following figures. The whole system shown in Fig. 2.1, consists of three groups of files: Porting FIXS (Fig. 2.2), HTML (Fig. 2.3), and DBMS (Fig. 2.4 and 2.5). The porting FIXS group ports the FIXS program, located in c:/IntePub/FIXS. HTML group documents and web pages. The DBMS group is a database management system established by PROLOG and ProWeb, mainly located in c:/IntePub/Fixsdb.
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Figure 2.2 Site Map of Porting FIXS Group

Find Solutions: http://129.237.114.30/fixs/proweb.exe?app_menu=fsolution
Find Solution is a tool, which allows the system to gather information from the user about the current error needing to be resolved. Several dialogs organized by a taxonomy of error classification attributes are used to gather the error information from the user. Context sensitive help is provided throughout the process of gathering the information.
Browsing Solutions: http://129.237.114.30/fixs/proweb.exe?app_menu=bsolution
Browse Solutions is a tool, which allows the user to browse a listing of available solutions within the knowledge base. First a single error type is chosen. Then one of the case or rule solutions is chosen. The result is a detailed account of that solution.
FXIS Preferances: http://129.237.114.30/fixs/proweb.exe?app_menu=preferances
Preferences of Case Based Reasoning are set here. The options to set are whether or not to enable cased based reasoning, the maximum number of cases to return, and the lowesr percentage of similarity to return.
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Figure 2.3 Site Map of HTML Group

About FIXS:











A page to show basic information of FIXS: a system for solving fabrication errors on steel bridges.










FIXS Tutorial Document:






This 29 page tutorial document can be viewed by clicking on it or downloaded as a file. 
This document runs though the things FIXS can do and how to do them.

Contact information:


Contact information is available for the people most involved with this project. Email addresses, homepages, and phone numbers are among the information given.

Generic Solution:


Generic Solutions is a tool which allows the user to display a set of categorized generic fabrication errors and solutions for common fabrication errors.

Generic Solution (new): This information is current Tutorial Document organized on the page.




Generic Solution (old): This option was the original version of Generic Solution search type and should be used over the "New" version as it is under construction.


Help for web-based FIXS:

This option gives an overview of FIXS, how to get started, and a listing of all of the help topics.


Help located in c:/IntePub/FIXS/Fixshelp

Generic (Old) located in c:/IntePub/FIXS/Generic

Generic (New) located in c:/IntePub/FIXS/Genericnew


Other HTML files located in c:/IntePub/WWWRoot
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Figure 2.4 Site Map of DBS Group (1)

DBS (database system) Group is a group of programs to manage database system for Web-based FIXS. 

Login:           

To login as a registered user, user must enter a username and a password to access a previously created account. If the accounts match manager's account, he can get manager page or FIXS User's Page only.   
Apply:           
Enter new user's information to apply a new account. No matter what user enters, the could not get a manager account here.       
Manage Tools:          

Manage Tools are used to edit, add, or delete user's account, topic's account, answer's (to topics) account, new case's account, comment's (to new cases) account.      

Users:           

User's account includes, user's name, email address (Primary Key), password, address, company name, telephone number and user's group number, which can only be seen by manager of Web Server.  

Topics:           

Topic's account includes, topic name (Primary Key), email of topic presenter, date when topic presented, and the topic text. 

Answers:          

Answer's account includes, the name of answer (Primary Key), email of answer presenter, the date when answer presented, related topic name, and answer text.    

New Case's:          

New Case's account includes, Case Name (Primary Key), Email of Presenter, Date Presented, Main Member Type, Attached Member Type, Error Type, Description of Error (Attach Sketches), Approval Necessary, Solution Recommended, Was Solution Successful, Other Possible Solutions, Required Final Checks, Remarks, Listing of Attachments, Information Obtained From, Date Error Occurred, State DOT Name, State DOT Bridge No/Name, and URL address of Image files.        

Comments:          

Comment's account includes, Comment Name (Primary Key), Email of Presenter, Date Presented, Related Case name, and Comment Text.      

         
User's, Topic's, and Answer's are stored in file: c:/InetPub/Fixsdb/datafixs.txt   

New Case's and Comment's are stored in file: c:/InetPub/Fixsdb/casefixs.txt   
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Figure 2.5 Site Map of DBS Group (2) 
Discussion Forum:      

Discussion Forum offers users to exchange their ideas.   Give topic first, then you will get answers from the world.  

Submit new Cases:      

A form is provided for users to send in other cases of fabrication errors and their details. A choice also is given to other users to comment cases.  

My Web FIXS:      
A form is used to look for user's personal account. User's can edit some of his account here. User's account includes, user's name, email address (Primary Key), password, address, and company name and telephone number.    User cannot see and change user's group number, which is used to level user and manager.
All accounts used here are belong to c:/InetPub/Fixsdb/datafixs.txt    and  c:/InetPub/Fixsdb/casefixs.txt 

3. PORTING FIXS TO THE WEB

Figure 3.1 shows the main screen for the Web-FIXS service current running. This users page can be reached after a user logs on or applies for a new account.  In this page, Preferences, Browse Solution, Find Solution, Generic Solution, and Help for Web-FIXS are ported from Windows FIXS version. 
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Figure 3.1 Porting FIXS on Web-FIXS Users Page

  BROWSE SOLUTION

Browse Solutions is a viewing tool for users to browse the case and rule base of FIXS. In Web-FIXS, Browse Solutions first provides the user with a listing of error types (Fig. 3.2). All cases of error solutions for a given error type (Fig. 3.3) are then listed. Selecting case from this list displays sketches, detailed solution description, and case description (Fig 3.4). One error case at a time is picked and displayed on a form sent to user. 
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Figure 3.2 Error type Selecting Form of Browse Solution
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Figure 3.3 Error Solution Selecting Form of Browse Solution
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Figure 3.4 Details of Error Solution 

3.2
FIND SOLUTION

Find Solution is used to locate an error solution by sequentially using RBR and CBR, and returning the combined results. In a Find Solution session, several dialog boxes request multiple items of data from user concerning the specific fabrication error to be solved (Figs. 3.5, 3.6, and 3.7). A systematic approach is taken to gather data from users. First, the common required data (including Project Name, Project Number, Fabricator Name, Date of Error, User Name, User Company Name, Bridge Name, Bridge Number, Bridge Type, End Supports, Interm. Supports, Number of Spans, Type of Error Member, Location of Error Member, Classification of Error Member, Type of Attached Member, Classification of Attached Member, Units, and Error Type) is submitted in Forms 1, 2, 3A, and 3B. In Form 3B (Fig 3.6), the unit and error type must be provided to FIXS to invoke other data submission forms. In the subsequent forms, a “highlight” (==>) is displayed next to the input item requiring a response from the user before the search can continue. Other related data may be entered into other fields of the form, not just the highlighted field. The highlight is merely an indicator to the user of the data required to continue (Fig. 3.7).  Combined solutions from both RBR and CBR are provided in the solution results dialog (Fig. 3.8). The similarity measure, as a percentage, provide for case based solutions. The cutoff value similarity need to display a case solution as result can be changed in Preferences for FIXS Find Solution on the Web-FIXS Users Page (Fig. 3.1). RBR only provides a solution that exactly satisfies the rules in the rule base.  Selecting one of the items on the Solution Results Dialog (Fig 3.8) displays the Details of Errors Solution (Figs. 3.11).
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Figure 3.5 Basic Information Form 3A of Find Solution 

Why for RBR is supposed to display select rule. It’s not done in previous version. It also belong to the future work of Web-FIXS. Current Web-FIXS presents Figs. 3.9 and 3.10 when Why button is pushed. Fig. 3.10 shows only case base features used to measure similarity. 
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Figure 3.6 Basic Information Form 3B of Find Solution 
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Figure 3.7 Query dialog with Highlights and Units 
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Figure 3.8 Solution Results Dialog
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Figure 3.9 “Why” in the beginning several forms of FIXS 
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Figure 3.10 “Why” answers in following forms of FIXS
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Figure 3.11 Details of Error Solution 

3.3
 GENERIC SOLUTION

Current Generic Solution in Web-FIXS was transferred from the same name program of Windows FIXS. It is a type of tutorial tool designed to cover common fabrication errors and may be renamed after new tutorial tool is developed. Since fabrication errors are seldom identical but often similar, generic problem and corrections may assist in categorizing situations, helping fabricators in proposing solutions, and engineers in evaluating those proposals. Since Generic Solution is organized by error types, it is easily implemented directly in HTML. Fig. 3.12 lists the topics covered in version of Generic Solution (labeled Old Generic on the Web-FIXS User’s Page). Fig. 3.13 lists the topic covered in the under construction version (labeled New Generic on the Web-FIXS User’s Page).

FIXS - Generic Error Type
Select the Type of Error to Display:

	Mislocated Holes at Field Bolted Splices

	Plug Weld Holes

	Fabrication Errors Around Stiffeners

	Overheating

	Nicks and Gouges

	Surface Lamination


Figure 3.12 Selection Form of Generic Solution version 1999

FIXS - Tutorial Document


·  Tutorial Document 

· Common Error Solutions: 

	 

 

Mis-located Holes 
	Flanges 

Flange Splice Plates 

Webs 

Web Splice Plates  

	Stiffeners 
	Bearing Stiffeners 

Plain, Intermediate Stiffeners 

	Nicks and Gouges 
	Gouge Repairs 

	 

 

Material Compliance 
	Surface Lamination 

Material Substitution 

Material Defects 

Overheating 

	Bolt Hole Repairs 
	Holes Restored by Welding 


Figure 1: Mislocated Hole in Flange or Flange Splice Plate 

Figure 2: Mislocated Holes in Web or Web Splice Plate 

Figure 3: Bearing Stiffener Example Case 

Figure 4: Nicks and Gouges Example Case 

Figure 5: Surface Lamination Example Case 

Figure 3.13 Selection Form of Generic Solution version 2001 (under construction)

3.4
HELP FILE

Like Generic Solution, the Help File feature of FIXS also is easily implemented in HTML. Web-FIXS Users Page (Fig. 3.14) shows Help options. Fig. 3.15 lists all help items to present an overview. Users can also access Help directly from each form. 
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Figure 3.14 Help Service Content  
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Figure 3.15 Help items in FIXS 
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Figure 3.16 Help page in FIXS

3.5
FILE STUCTURE FOR PORTING FIXS

Porting FIXS is the biggest group in Web-FIXS. For clarity the file structure in is dependent of other services. A folder named in C: //Intepub/ FIXS is used to store the program (Fig. 3.17).  
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Figure 3.17 FIXS Folder 

4.
NEW SERVICES PROVIDED BY WEB-FIXS

4.1       SYSTEM TO MANAGE USERS


The system includes user's name, email address (primary key), password, address, company name, telephone number, and user's group number are stored in the cases DBMS. The user’s group number is only visible to the manager of the web server. The email address (Fig. 4.2) is used as the primary key in the users database. And is assumed to be unique to for each user account. Because each user has his account set up by server before he uses Web-FIXS, server can easy organize and trace each users process. Using the user's group number, server can also separate users into group that can be handled as classes by the system manager. 


[image: image18.png]User information

Itens Value

Ewail henry@aol .com

Nawe Henry
Passvord 12345
Address |1800 25th St., Lavrence, KS, 66033

Company |Steel Bridge Corp.

GroupID |aaa
PhoneNO |1-800-700-8787

€ add_account
Buttons | delete_account
@ edit_account

SUBHIT

Back to WEB-FIXS Manage' Page

Help for WEB-FIXS




Figure 4.1 User’s account
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Figure 4.2 User’s email address as primary key

4.2       DISCUSSION FORUM

Discussion forum, used for clients to exchange their knowledge, is composed of two databases. One is Topic’s Account which includes topic name (primary key), email of topic presenter, date when topic presented, and the topic text. The second is Answer’s account, which includes the name of answer (Primary Key), email of answer presenter, the date when answer presented, related topic name, and answer text.  Because the topic name and answer name are primary keys in databases. They must be unique. Therefore, only unique input items can be accepted by Web-FIXS.
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Figure 4.3 Topic Information
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Figure 4.4 Topic’s name is primary key

4.3      CASE SUBMITTAL  

Case submittal is used by users to submit their fabrication errors. These cases can either be discussed on the forum or stored for updating the FIXS case base. There are two databases used here. First is the case account, which includes Case Name (primary key), Email of Presenter, Date Presented, Main Member Type, Attached Member Type, Error Type, Description of Error (Attach Sketches),Approval Necessary, Solution Recommended, Was Solution Successful, Other Possible Solutions, Required Final Checks, Remarks, Listing of Attachments, Information Obtained From, Date Error Occurred, State DOT Name, State DOT Bridge No/Name, and URL address of Image files. The second is the comment account, which includes Comment Name (primary key), Email of Presenter, Date Presented, Related Case name, and Comment Text. The comment account is used for clients to discuss any submittal case.
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Figure 4.5 New case submittal form
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Figure 4.6 Manage case submittal 

4.4      RELATED LINKS 

Related links are used to show information of expert group members, to give zip windows FIXS install files and the contact information to the developers of Web-FIXS. Comparing with other parts of system, related links is the simplest, only HTML files linked to homepage of Web-FIXS.

5          INSTALLATION AND MAINTENANCE

5.1
BASIC STEPS FOR INSTALLATION

(1) Installing Web server software

Before installing Web-FIXS, Web server software must be installed on a server computer with Windows necessary Web server software is Microsoft’s Internet Information Server (IIS) software, and Microsoft’s Peer Web Servers software, or equivalent products.

(2) Setting up Web server’s default Internet Public Area.

Once the Web server is up and running, use via the Microsoft Service Manager to set up an executable directory within the Internet Public area of the server. The default Internet Public area, the C:\INETPUB directory is used for the setup of Web-FIXS.

To perform the above, carry out the following steps:

-Display the Microsoft Internet Server folder.

-Click on the Microsoft Internet Information Setup application within this folder.

The Internet Public directory, C:\INETPUB, will now have been created and installed.

(3)  Copy all Web-FIXS files from CD-ROM or zip disk to C: drive. Locate files in c:\INETPUB

(4) Sharing Web-FIXS main folders on server.

The following folders are shared: C:\INETPUB\FIXS, C:\INETPUB\FIXSDB, C:\INETPUB\FIXS\FIXSIMAGE, C:\INETPUB\FIXS\FIXSTEMP

5.2        SYSTEM MAINTENANCE

Web-FIXS requires routine maintenance. In the current system, the following routine duties need to be done.

(1) Manage database system

The database files c:\IntePub\Fixsdb\fixs.ini, user.txt, topic.txt, answer.txt, case.txt, and comment.txt may be edited directly as over the Internet. Make a copy of the files, before directly editing them.

(2) Clear garbage files

Garbage files accumulate for Web-FIXS, because ProWeb doesn’t clear some output files automatically. These files are located in C:\INETPUB\FIXS\FIXSTEMP. 

(3) Check new cases  

Routinely check new cases submitted by users. There are a lot of potential cases to be added to FIXS, after review by the experts on the FIXS technical committee.  

(4) Change settings of Web-FIXS if needed

The settings for ProWeb Web-FIXS may need to be changed to fit different requirements by clients. These files are: C:\INETPUB\FIXS\PROWEB.INI, C:\INETPUB\FIXS\FIXS.INI, and C:\INETPUB\FIXSDB\FIXS.INI.

5.3         UPDATED DATABASE

Updating Web-FIXS database files is very similar to doing this task for Windows FIXS. All the case base and rule base files are located in C:\INETPUB\FIXS\KNB.

6  
CONCLUSION AND FUTURE WORK

6.1
CONCLUSION

Fabrication errors can be costly in terms of money and time. The Windows version of FIXS provides solutions and guidance quickly for bridge engineers, reducing cost to both DOTs and fabricators.  With Internet technology, Web-FIXS not only ports FIXS to a client-server model, but also opens an on-line service to engineers. The service includes a discussion forum for engineers to exchange knowledge, and a submittal system for new cases. 

ProWeb, as the first generation of interface between the web’s asynchronous nature and the backtracking capabilities of PROLOG, successfully handles most situations and provides a straightaway forward route for  porting FIXS. However, since ProData is not yet compatible with ProWeb, the database systems of Web-FIXS have to be established from the initial stage by PROLOG language. With the successful development of Web-FIXS, ProWeb and PROLOG demonstrate the capacity to develop multifaceted expert system on the Internet.

6.2        FUTURE WORK

The services of Web-FIXS can be enhanced in many ways. With ProWeb and ProData versions update, the commercial database systems and related SQL language can be used to help Web-FIXS offer better service. In the current system, the new case submittal does not automatically connect with porting FIXS case base and rule base. But after case submittal and case search engines are located in a single program Web-FIXS, It gives a better option to establish an automatic bridge between them new cases and knowledge. 

Web-FIXS may also be enhanced by developing user-friendly interfaces, such as various submittal forms to fit different fabrication errors. HTML files, including help files and generic solution file, need to be updated routinely. To be useful in the long-term, Web-FIXS must be a system that grows and improved to better meet the needs of the bridge engineers and fabricators who are its target uses.

The repair database needs to accommodate information sharing while offering customization ability to suit individual DOTs. 
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GLOSSARY

Case-Based Reasoning (CBR): Case-based reasoning (CBR) is an intelligent-systems method that enables information managers to increase efficiency and reduce cost by substantially automating processes such as diagnosis, scheduling, and design. A case-based reasoner works by matching new problems to "cases" from a historical database and then adapting successful solutions from the past to current situations.

Common Gateway Interface (CGI) is a standard for interfacing external applications with information servers, such as HTTP or Web servers. 

Data Sources (ODBC) is a Database Connectivity to access data from a variety of database management systems. For example, if you have a program that accesses data in a SQL database, Data Sources (ODBC) will let you use the same program to access data in a Visual FoxPro database. To do this, you must add software components called drivers to your system. Data Sources (ODBC) helps you add and configure these drivers.

DBMS (database management system) is software designed to assist in maintaining and utilizing large collections of data, and support the functioning of such systems.

FIXS (Fabrication error Indexed eXamples and Solutions) is a knowledge system to provide solutions and examples to steel bridge fabrication errors using both rule-based and case-based reasoning.

GUI means Graphical User Interface.
HTML (Hyper-Text Mark-up Language) is a simple markup language used to create hypertext documents that are portable from one platform to another. HTML files are simple ASCII text files with codes embedded (indicated by markup tags) to denote formatting and hypertext links.

Internet Information Services (IIS) is the Windows component that makes it easy to publish information and bring business applications to the Web. IIS makes it easy for you to create a strong platform for network applications and communications.

Java is an immensely popular programming language. It can be used to develop applications that can be embedded into otherwise static World Wide Web pages.

JavaScript is a language developed by Netscape Communications Corporation as an extension to the Hyper-Text Mark-up Language (HTML) to facilitate the development of interative, full-featured applications on   World Wide Web.

Knowledge base systems, also known as expert systems, is a programming technique developed for Artificial Intelligence (AI). AI is a sub-field of computer science that focuses on the development of intelligent software and hardware systems that emulate human reasoning techniques and capabilities. Knowledge base systems emulate the decision-making processes of humans and are one of the most commercially successful AI technologies. These systems are used in a variety of applications for business, science and engineering. Business applications capture a company's critical business knowledge and utilize it for decision support. 

LPA (Logic Programming Associates Ltd is one of the world's longest established software houses specializing in the development and support of Prolog compilers and related software. Founded in 1980, their products expertise target the desktop through the Windows, Mac and DOS platforms, as well as the Internet, providing smart software tools for intelligent industry solutions.

MESS (Modest Expert System Shell, Spratt 1998) is an expert system shell written in PROLOG which provides general rule-based reasoning services.

Microsoft FrontPage is a set of three programs that support features such as collaborative authoring, hit counters, e-mail form-handling, and editing a Web site directly on a server computer.

PROLOG is a powerful AI language which provides a high-level and productive environment based on logical inference.

ProData Database Interface provides a tight coupling between the WIN-PROLOG environment and various commercial database systems based on ODBC (Open Database Connectivity).

ProWeb Server provides the ability to utilise Prolog technology on Web servers attached both to the Internet at large or to local intranets. ProWeb Server is a complete "Prolog-on-the-Web" development system, with support for dynamically generating HTML pages and maintaining "conversations" with users over the make-and-break links that characterise the HTTP protocol. 

Protocol is a set of rules and conventions for sending information over a network. These rules govern the content, format, timing, sequencing, and error control of messages exchanged among network devices. 

Primary Key is a tuple can be referred to from elsewhere in the database by storing the values of its primary key fields. 

Rule-Based Reasoning (RBR) is an intelligent-systems method using "rules" as the knowledge representation for knowledge coded into the system. Rules typically take the form of if-then statements. This is a popular and intuitive knowledge representation. 

Server is a computer that provides shared resources to network users.

SCBR (Simple Case-Based Reasoning) is case-base reasoning program written in PROLOG and integrates with MESS.

SQL (Structured Query Language) is a widely accepted industry standard for defining, changing, and managing data and controlling how changes to the database are made by using tables, indexes, keys, rows, and columns to store data.

Uniform Resource Locator (URL) is "http://" followed by the Windows Networking name of your server, followed by the path of the file you want to view. (Note the forward slash marks.) For example, if your Web site is registered with the WINS server as "Admin1" and you want to view the file Homepage.htm in the root of the home directory, in the Address box you type: http://admin1/homepage.htm then press ENTER. The home page appears on the screen.

Web-FIXS is a web-based knowledge system and service in the domain of steel bridge fabrication errors using both rule-based reasoning (RBR) and case-based reasoning (CBR).
WIN-PROLOG is a Prolog compiler system for Windows-based PCs.
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