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Abstract


In the design of Information Systems, the construction of query interface is always a very important part. However, the low degree of reusability on traditional query modular is always a problem. In this report, I will present an unsynchronized based query automation model, which makes it much easier to generate query interface and implement the query processing logic.

1. Introduction
The traditional way of designing query subsystem for Management Information Systems is, first we analyse the required fields and necessary data extraction logics based on the project requirements and database schema, then write sequences of SQL statements or stored procedures to extract the data and hardcode those selected columns into our programs. Whenever the query is hard coded, it will hardly change. This method is widely used in the waterfall software engineering model. However, in the real occasion, user’s requirements are constantly changing, especially in query oriented report generating and data analysis projects. Most of the time we use prototyped software development method to handle these kinds of projects. To build a system using prototyped methodology, we need to have more communications with the end user and build prototypes rapidly. To meet these requirements, many researches and software solutions have been made in this decade. The referenced paper Requirements and design change in large-scale software development: analysis from the viewpoint of process backtracking [1] accurately addressed the extents that changing specifications in large-scale projects could affect the project completion. It also promotes to use more flexible prototyped method to allow reversibility, encourage more user participant and give more concern on user’s learning process. 
By summarizing the projects I have participated in the past several years, I also present a software solution to automate the query interface generating process, which makes the prototyping process more efficient. In my solution, an extended query language based on standard SQL language has been presented (here I call it Generic Query Language or GQL). A language parser will parse the GQL script and generate inner object structures to represent the query interface, such as criteria input fields, display attributes etc. This structure can be serialized into XML schema and stored in the database. The query toolkit will generate the query interface based on this schema, and then bind the end user’s input to generate sequences of SQL statements. These SQL statements will be passed to the DBMS to process and results will be cached. At last, a set of presentation tools will render the result to the end user in an interactive way. 

Compared with other commercial solutions, my method is fairly light-weighted and can be widely adopted on software projects of various scales. Either from small desktop MIS system to distributed large data marketing / data warehouse systems or from fat client application to B/S structure.

In the next section, let’s take a look at currently common used commercial query automation solutions.

2. Existing query automation tools
2.1 Commercial BI solutions

2.1.1 What is Business Intelligence
Most instances of query automation ideas are embodied in the solutions provided in Business Intelligence area.

The term of Business Intelligence can be defined as a process of turning data into information and then into knowledge [2]. It is a subject in Information Technologies that can be used to help enterprise managers to utilize vast amount of their data more efficiently, make decisions more quickly and accurately and improve the competitive power of their enterprise. Besides query automation and report generating functions, the BI solutions also apply the new approaches in data warehouse, data mining techniques for data analyze. In one word, through BI, decision makers will be able to make maximal use of their data and get what they need on demand. 

2.1.2 Common features of Business Intelligence software

There are many Business Intelligence software tools available now, like Brio, Business Object, Sagent and Cognos etc. The common features of these software tools are:

· Customizable report and query interface automation

Users can define reports or queries using visualized design tools by selecting data sources, columns and defining calculations. 

· OLAP / Data Mining Analysis

Users can define Star/Snowflake models or data mining models on their database and use Online Analytical Process or Data Mining tools to find the information or knowledge they want interactively. 
· Data Integration

The system can integrate data from disparate data sources of the company and provide a single consistent view for its information.

· Broadcast / Push Information

The system can provide scheduling mechanisms to execute batch tasks in background, and distribute the results via e-mail or other broadcasting way. 

The typical BI based working process is:

1) An executive formulates a question about business trends;

2) The designer translates the question into queries/plans and sends them into repository database;

3) The system processes the submitted queries and plans to get the result;

4) The user is free to reuse the results and have various ways to manipulate the data and do their analysis.

The users of a BI application can be categorized into two levels, the designer and analyzer. The designer works at the back end. They are personnel who are experienced in their business background and are trained to be able to use the design tools provided by the BI software package to create plans, reports. The plans and reports are stored in the metadata repository for another group, the analyzer to view. The analyzers are consumers of the plans. They submit requirements to designers, analyze the result and make decisions. In the end, a BI project will be handed over to the users and it is the users who will be responsible to design solutions for the new requirements and analyze the data. Therefore, one of the key point to judge whether a BI solution is successful, is its usability, either the designer tools and the front-end tools. 

The problems of most current commercial BI tools are:

· Most BI software packages are highly complicated systems. They require sharp learning curve. 

· These software tools are expensive choices for small projects, both on the price of the software itself and expenses on the customizing and training process.

Starting from an experimental stage, my intention is to make a self-developed query automation toolkit that is able to fill in the gap between high-end costly implementation and low-end use. It can be used for rapid development and light-weighted projects.

2.2 Open source solutions

There are many open source resources can be found related to my work. 

· The Pentaho Business Intelligence Project [3]

The Pentaho project provides a complete open sourced BI solution. It integrates various other open source components within a process-centric, solution-oriented framework that enables companies to develop complete BI solutions.  

· Mondrian OLAP server

This is an open source OLAP server written in Java. It is a component of the Pentaho project. It supports the Multi-Dimensional Expressions (MDX) query language to perform OLAP query.

· Jpivot project

JPivot is a JSP custom tag library that renders an OLAP table and let users perform typical OLAP navigations like slice and dice, drill down and roll up. It uses Mondrian as its OLAP Server. It also supports XMLA datasource access [7].

· Weka Data Mining project

Weka is a collection of machine learning algorithms for data mining tasks. It provides user interface that can be applied directly to a dataset for data analysis. It also provides a java library that can be called from our own Java code. Weka contains tools for data pre-processing, classification, regression, clustering, association rules, and visualization. It is also well suited for developing new machine learning schemes. [8]


These open source projects provide insights to my project and will possible to be integrated into my project to provide support in specific areas.

3. The design of Generic Query Toolkit
3.1 GQL Language features

3.1.1 The specification for current version of GQL 

The GQL language is an extension based on standard SQL language. It is to define placeholders for items in select-list and items in condition-list that allow one to supply extra display or query related attributes that can be used in generating query user interface. 

The syntax for a select-list item is 

Field_Attribute ::=  “{”
Field_Name “;”
Field_Description “;” 

Field_Type “;”
Display_Attribute [“;” 

[Aggregate_Attribute] “;”
[Key_Attribute ] ] “}”
Field_Name ::= SQL_expression [ [as] identifier ]

Field_Description ::= String

Field_Type ::= Integer | String | Date [“(” date_format “)”] | Datetime
Numeric [“(” digits “,” digits “)”] |

Money
Display_Attribute ::= SHOW | HIDE
Aggregate_Attribute ::= SUM | CNT | AVG | MIN | MAX
Key_Attribute ::= KEY | GROUP
The syntax for a query condition-list item is

Condition_Attribute ::=  “<” 
Condition_Expression “;”
Condition_Description “;” 

Condition_Type [“;”
[Value_Domain] “;”
[Required_Attribute] “;”
[Default_Attribute] “;”
[Hint] ] “>”
Condition_Expression ::= SQL_expression

Condition_Description ::= String

Condition_Type ::= Integer | String | Date [“(” date_format “)”] | Datetime
Numeric [“(” digits “,” digits “)”] | Money
Value_Domain ::= string_value “|” string_description {“,” string_value “|” string_description } | 

“#” [“#”] <SQL statement select or call stored procedure> | 

Reference_number

Required_Attribute ::= REQUIRED |
Input is required, a SQL expression will generated

FIXED | 
Read only if default value supplied,
Otherwise will be same as REQUIRED

VALUEONLY
Input is required, only single value will be placed. 
Default_Attribute ::= value_string | Reference_Variable

Reference_Variable ::= “#”[“#”] Environment_Variable | SQL_select

Environment_Variable ::= TODAY | NOW | 

Identifier

Reflect to attributes defined in global property file

Converter ::=  “\” <letter>
We can also define references in “group by”/”order by” clause that reflects to the Field_Attribute items. In this way we can generate group selection list in query interface and reflect the selected grouping items into the final SQL statement.

Reference_attribute ::= reference_number

Reference_number ::=  “#” digit {digit}

3.1.2 Explanation and Examples 
To define the display attributes for the query results, we use

	Select …
{ColumnName; Description; ColumnType; SHOW/HIDE;[CNT/SUM/AVG/MIN/MAX];[KEY/GROUP]},

…


In which we specify the display label name, column type, show/hide attribute, aggregation method, whether this field can be considered as a key or a dimension that can be used for OLAP analysis etc. Another extension is made on query conditions after the “Where” or “Having” clause, defined as 

	Where …
<Expression;Description;FieldType;[ValueDomain];[REQUIRED/FIXED/VALUEONLY];[DefaultValue];[Hint]> 

…


In which we also specify the condition type, range of the value, default value, required attribute and hint. 

The following is a sample script:

	select 

  {id;Item;INTEGER;SHOW;;GROUP}, 
  {mark;Type;STRING;SHOW;;GROUP},

  {catelog;Category;STRING;SHOW;;GROUP},

  {cdate;Date;DATE;SHOW;;GROUP},

  {sum(income) incom;Credit;MONEY;SHOW;SUM},

  {sum(outcome) outcom;Debit;MONEY;SHOW;SUM},

  {sum((income-outcome)) pure;Pure;MONEY;SHOW;SUM}

 from t_dace

where id between 500 and 999 and

  <id;Item;INTEGER;#select id,name from t_item where id between 500 and 999 order by id> and

  <note;Description;STRING> and

  <mark;Type;STRING;#1> and

  <catelog;Category;STRING;#3> and

  <cdate;Date;DATE> and

  <income*exrate;Credit;MONEY> and

  <outcome*exrate;Debit;MONEY>

group by #1, #2, #3, #4

order by #1, #2, #3, #4;



This script displays the tuples in table t_dace, the references defined in “group by” clause corresponds to the columns with “GROUP” attributes. The user can decide whether these group columns will be included in the final data result. References also can be defined in the value domain part of the conditions. For example, we can use “#select id,name from t_item where id between 500 and 999 order by id” to generate a dropdown list from the specified SQL statement.


The following snapshot shows the generated user interface.

[image: image1.png]GQL TEST PAGE

Username: e
system date:  2006-02-06
ChangePwd

Personal Finance
Trem Ques
Revenue/Bxpense Analysic
RevenueExpense

View |[9M|  CheckResult
Revenue/Expense Analysis
Tiem v

Tyee
G

B

Credit

Debit
Summary Group

Wlem

Type

Category

M Date

Result





Figure 1. Generated user Interface


After input the query criteria and submitted the query, the parser will generate the following SQL statement.

	Select 
mark , catelog , 
sum(income) incom , 
sum(outcome) outcom , sum((income-outcome)) pure 
from t_dace 
where id between 500 and 999 
and id between 501 and 512 
and mark = 'P' 
and cdate >= '01-01-2006' 
group by mark , catelog 
order by mark , catalog



Please note that for those fields whose values are left empty, they will be reduced from the where clause of the final SQL statement.

3.2 Architecture of GQL Toolkit 

The java-based architecture of this toolkit is like Figure 2. 
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Figure 2. System Architecture


The major components of this toolkit are GQL Parser, GQL Daemon, GQL Server and GQL Viewer.

3.2.1 Metadata repository


There are two tables required by the toolkit related to query automation, table p_query and p_queryq. 
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Figure 3. Metadata Repository


Table p_query contains a directory of all the designed query plans. Each query uses seq as the primary key. The column id is the string typed name of the query; explain is a string of description of the query; refqry is a reserved string column for the link of queries that is relevant to current query; perms is used to define the access attribute; kind is the category code of the query; script is a blob typed column which is used to store the GQL script; refnum records the frequency of use; template is reserved to store the path of template files for report generation purpose.

Table p_queryq is used to store a queue of submitted query tasks. The uid is a unique string for the task; seq is the foreign key to the query defined in p_query; id is the same as the query’s name; stime and etime are the submit time and completed time of the task; condflds is used to store the compressed XML schema generated by the parser and bind with input criteria; datapath is the file path of the generated result; status indicates the running state of a task, It can be waiting, running, success and error; tellno is the user-id of the submitter; errmsg is the message returned by the task executor; refnum is the reference frequency of result dataset; server is the IP address if the application server; datasize is a string which tells the size of the result dataset.

By using Hibernate [6], these tables are mapped into java classes using Object-Relational Persistence mechanism. In this way, the manipulation on the database records is converted into manipulation on the objects. For benefit of using Hibernate as a Object-Relational Persistence solution, please refer to my tool report “The Exploration and application of Hibernate, A Object-Relational Persistence Solution” [10].

3.2.2 GQL Parser


The GQL Parser is the core component for the whole system. Its function is to parse the GQL script, look up display fields and conditional fields, get their attributes then generate internal object structures and syntax tree that will be used by GQL Daemon and Data Presentation module. It is developed using java based lexical analyzer generator Jflex and java based LALR parser generator Cup [9]. Major member functions provided by GQL Parser class are:

· Parse

This member function calls generated parser generator to analyze the GQL script, extract the display field attributes and conditional fields. After the parse is done, a list of internal objects GQLField and GQLCondition will be created, together with a syntax tree based on the script.

· XMLGetFieldsAndConditions
After we parse the script, we can use this function to export the list of internal objects GQLField and GQLCondition to a stream of XML schema. This schema can be interpreted by the presentation layer to generate user input interface and will provide useful information for data result display, OLAP analysis and report generating.

· XMLBindFieldsAndConditions
After user input their query conditions from the interface, we use this function to merge the modified XML schema which contains the user input values and selections into the internal objects.

· Execute

We use this function to perform a backorder browse of the syntax tree, combined with the internal objects that contain user input values to generate a set of SQL statements. The generated SQL statements then will be ready to submit to the Database server for final query results. 

Because user does not usually provide all the values for the input conditional fields, fields with empty value will be reduced from the where/having clause of the result SQL statements. A key technique is used here to reduce the empty fields.

For details about its design and implementation, please refer to my tool report “The Exploration and application of Java Based Language Parser - Java Cup and JFlex” [9]. 

3.2.3 GQL Daemon


This module runs at background. It awakes every a few seconds to browse the table p_queryq for tasks waiting to be executed. When a waiting task is detected, the daemon program will create a thread to execute the task. The algorithm of running a task is like the following:

Procedure run()

Begin


Set the status of the task to “Running”;


Try 


  
Get script from corresponding p_query persistence object;


  
Create new instance of GQL Parser class and call its Parse method to parse the script;


  
Get XML schema which stored in condfld attribute from p_queryq persistence object; 


  
Call GQLParser.XMLBindFieldsAndConditions to bind the XML schema;


  
Call GQLParser.Execute to get a list of SQL statements;


  
Submit these SQL statements to database server one by one;



Export the query results and save them into the cache directory, as compressed XML document.


  
Set the status of the task to “Success”;


Exception



Set the status of the task to “Error” and record the accompany error message;


End;

End.

For the purpose of backward compatibility, the XML format of exported data result is compatible with the XML export format of Delphi/ClientDataset. A sample data packet is like the following:

<?xml version="1.0" encoding=”UTF-8” standalone="yes"?>

<DATAPACKET Version="2.0">

    <METADATA>







Defines the attributes for each column
<FIELDS>
<FIELD attrname="date_" fieldtype="date" WIDTH="23"/>
<FIELD attrname="account_no" fieldtype="string" WIDTH="9"/>
<FIELD attrname="trans_num" fieldtype="r8"/>
<FIELD attrname="trans_amt" fieldtype="r8" SUBTYPE="Money"/>
</FIELDS>
<PARAMS LCID="1033"/>




Hardcopy because we only use readonly dataset
</METADATA>

    
<ROWDATA>
    

<ROW date_="20040128" account_no="11000” trans_num="2" trans_amt="240.34" />

    

<ROW date_="20040129" account_no="11004” trans_num="1" trans_amt="436.40" />

    

<ROW date_="20040130" account_no="11000” trans_num="2" trans_amt="1240.75" />


…

</ROWDATA>

</DATAPACKET>


Which represents the data

	Date_
	Account_No
	Trans_num
	Trans_amt

	Jan 28, 2004
	11000
	2
	240.34

	Jan 29, 2004
	11004
	1
	436.40

	Jan 30, 2004
	11000
	2
	1240.75

	…
	…
	…
	…


In case of too many requests to be sent to the database server, the maximum concurrent threads can be configured in the property settings. 


This daemon also performs house-cleaning works to clear outdated query results at specific house cleaning time. The cleaning strategy currently used is based on the frequency of references to the result dataset. If a cached data file is cleared, its corresponding queue item will also be erased.

3.2.4 GQL Server

The GQL Server module provides service interfaces for the presentation layer. It is either deployed as a jar package or as web service based on Apache Axis. Therefore it can be called directly or via SOAP/WSDL connection.

There are two major services currently provided:

· AccessService

Providing system related services such as user login, get environment etc.

	Service Name
	Description

	AddWorkLog
	Write system log into database.

Parameters:

In: 

· operid – user login ID, 
· optype – type of operation, 
· sucflag – success flag,

· note – detailed message

	GetSysInfo
	User login authenticate. 

If login success, return user information.

Parameters:

In:

· SysID – id of the sub-system, 
· Group -- reserved,

· OperID – user’s login id, 
· Operpass – password;
Out:

· OpBankNo – user’s branchno, 
· OpName – user’s name, 
· Oplevel – user’s access right vector,
· Sysdate – business date of the system

	Oper_ChangPswd
	Change password

In:

· FOperID – user’s login id, 
· FBankNo – user’s branchno,

· OldPassword – user’s old password, 
· NewPassword – user’s new password


· GQL Service

Providing GQL related services. Major services are:

	Service Name
	Description

	getXMLSchema

	Parse the GQL script; return parsed results (XML schema) that will be used to generate user input interface.

Parameters:

In:

· Seq – corresponds to the primary key of p_query table

Out:

· XML schema string

Each time the query is accessed, the reference counter of this query will be increased by 1.

	getscript
	Get GQL script. 

Parameters:

In:

· Seq – corresponds to the primary key of p_query table

Out:

· GQL script string

This method is retained for some legacy systems to use. These legacy systems parse the script by themselves. Each time the query is accessed, the reference counter of this query will be increased by 1.

	getTemplate
	Get template for generating customized report.

Parameters:

In:

· Seq – corresponds to the primary key of p_query table

Out:

· Fname – filename of the template file

· Encoded template string

	GetTemplateByName
	Similar to getTemplate, the difference is the input parameter is filename rather than seq number.

	getDBType
	Returns the current database dialect of the server

	ExecSQL

	Execute a sql statement on server.

Parameters:

In:

· S – the sql statement,

· Compress – Boolean for whether the result will be compressed

Out:

· The result dataset stream

	Execute

	Execute a sql statement without returning results.

Parameters:

In:

· S – the sql statement

	getAllScriptList

	Get directory of published querys.

Parameters:

In:

· Level – vector of user’s administrative level

Out:

· Query directory in CSV format

	ExtractData
	Extract data results from cache directory. 

Parameters:

In:

· Uid – queue id of the task

· Num – No. of the file if there are multiple datasets returned

Out:

· Data result stream

Each time the data result of a task is viewed, the reference counter of this task will be increased by 1.

	ClearData
	Clear the task and its cache content.

Parameters:

In:

· Uid – queue id of the task

	getCondflds
	Get XML schema of submitted tasks which contains user input values.

Parameters:

In:

· Uid – queue id of the task

Out:

· XML schema in string stream

	CheckCachedQuery
	This service function checks whether there already has a cached result using the same XML schema. Therefore, if there exists a query using the same input criteria in the cache, users will have a choice to fetch the data result directly from cache rather than submit to the database server.

Parameters:

In:

· Seq – primary id of p_query table, 
· Operno – user id, 
· Condflds – user submitted XML schema

Out:

Lstime – submitted time if the matching task exists, 
Loper – the creator id of the matching task,

Luid – the uid of the matching task, 
ldatapath – the data result file path of the matching task

	ApplyQuery
	Submit a query by adding a new task in p_queryq

Parameters:

In:

· Seq – primary id of p_query table, 
· Operno – user id, 
· Condflds – user submitted XML schema

	MarkQuery
	Adds footnotes on an existing task.

Parameter:

In:

· Uid – the uid of the existing task


3.2.5 GQL Viewer and Client Application


The GQL Viewer and Client Application represent the presentation layer of this system. Their major functions are:

· Provide user authentication interface;

Currently the system supports user login and change password interface and performs that actions by calling methods defined in GQLServer-AccessService.

· Present query directory to the user;

The viewer calls GQLServer-GQLService.getAllScriptList at first to extract query directory then display it via a Treeview component.

· Generate a screen for query criteria input after user selects a query;

The viewer calls GQLServer-GQLService.getXMLSchema to get the information needed to build the interface, then deserialize the XML schema and store its information into an instance of an internal class. A self-defined Tag class has been designed to co-operate with this internal class and generate input areas, selections and checks dynamically.

· Bind user input into GQL XML schema and add the query task queue;

The viewer use the internal class to collect input field values, generate XML schema that is combined with user input; then check the availability of cached data result by calling GQLServer-GQLService.CheckCachedQuery and send it back to the query queue by calling  GQLServer-GQLService.ApplyQuery.

· Monitor the task queue, add notes or delete a task;

The viewer reads and displays the list of queued tasks submitted by the current user. The listed items can be selected. 

For the selected tasks, user can add footnotes by calling GQLServer-GQLService.MarkQuery; delete selected task by calling GQLServer-GQLService.ClearData or click “view” to display the query result to screen.
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Figure 3. Monitor the task queue

· Display the query result to the screen;

To view a completed query, the viewer first get the XML schema which contains all the query criteria of the completed task from the queue item, then use this information to replace the current web form settings. At last, the view calls GQLServer-GQLService.ExtractData to extract the query result from cache and using a XSLT schema to transform it into HTML code.
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Figure 4. Display the query result

· Reporting, data export and other interactive data analysis support.

These features are to be implemented by integrating other third party software packages.

The current version of GQL Viewer is developed using Jsp, Struts based on Tomcat application server.  Most of the actions are completed through communicating with the services provided by GQL Server. 

3.2.6 The Integrated Workflow of Asynchronous Query


Because all the submitted tasks are executed by GQL Daemon program in background, this software toolkit supports unsynchronized query. In this way, users will not necessary to wait until their submitted query to be completed. Instead, they can leave to do other works and come back hours or days later to check whether their long data analysis processes are completed. 


Here is the integrated workflow sequence of a task.

1) User selects a query from the query directory displayed by GQLViewer;

2) The GQLViewer calls GQLServer.GQLService.getXMLSchema to get XML schema of a query, then build input user interface;

3) User inputs query criteria, aggregate group information then submits the query;

4) The GQLViewer calls GQLServer.GQLService.CheckCachedQuery to check the task queue whether there is a cached the query which uses the same input criteria. If yes, give user the option whether to use the cached result. If user prefers to rerun the query or there is no cached result, submit the query into the query queue p_queryq;

5) The GQLDaemon detects a new task and generate a new thread to run it using the procedure described in section 3.2.3;

6) User checks the status of submitted query via GQLViewer;

7) User extracts the query result and view the data by various means. 

4. The application of GQL toolkit

The previous version of GQL toolkit was implemented based on Borland Delphi platform using Object Pascal several years ago. The major class library is Borland VCL, the language parser was initially composed using hard-coded programming then rewritten using a Delphi based Lex/Yacc parser generator toolkit. It also uses many third party software components to complete value added functions such as client-side OLAP analysis, customized report, data export, graphical visualization etc. This toolkit has been applied in both standalone application and client/server environment. During the past 5 years, it has been successfully applied in many data analysis and report generating projects such as: 

· The Management Information & Report System for DCC Project – Jiangsu Branch, China Construction Bank, 2003

· The Long Credit Card Management Information System (CMIS) of China Construction Bank, 2002

· Long Card Data Analysis System – Shanghai Branch, China Construction Bank, 2001

Because the adoption of web / web service based infrastructure has been an overwhelming trend and this architecture provides great benefits on system expansibility and ease of administration, I am undergoing a project to transfer this toolkit into java based browser/server architecture. Currently a framework has been constructed. One can go through a whole query process via this framework. The following sector describes the major works currently under going and future scope.

5. Works undergoing and future scope

5.1 GQL Language extension
The current GQL Parser is like a pre-compiling tool that replaces the Macros in the extended SQL script. All the generated statements are directly submitted to the database server in linear sequence. Currently I am in the process of constructing a second parser interpreter to process the generated scripts. New language features will be introduced in the GQL script such as flow control statements, looping, declaration of variables and classes for manipulating datasets. 

The future version of GQL will also provide language support for OLAP, data mining features.

5.2 Report template support and multi-format data export support
There are various open source report tools available on the Internet. I plan to investigate and integrate them into this project. The system should have the following features:

· Report template that contains the data source, column and layout information can be designed and saved on server side (XML document would be the best).

· The system can bind the data result with the template to generate customized report and render it to the client side.

· The report can be exported using various formats, such as excel, plain text, pdf, csv etc.

5.3 OLAP support 
The system will support pivot view of data result in the future. User will able to display the data set as a cube. They can perform slice, drill down, roll up actions interactively. Various open standards and software tools will be integrated into the system.

To go deeper into this subject, I plan to look at XMLA standard. 

The XML for Analysis is a set of XML Message Interfaces that use the industry standard Simple Object Access Protocol (SOAP) to define the data access interaction between a client application and an analytical data provider (OLAP and data mining) working over the Internet [4]. By generating data support this standard, the GQL toolkit will be able to communicate with various OLAP and Data mining applications.

I will also have a deeper look at Jpivot. This open source software toolkit supports XMLA standard, and can be used to implement the OLAP feature for my project.

5.4 Data mining support
Currently, I plan to integrate Weka data mining software [8] into this system. Some language features will also be added to support the data-mining feature.

5.5 WAP support
The GQL Viewer will add a new module to support access to the system via mobile devices [11].

5.6 Scheduler and Workflow support
Instead of just detecting some waiting tasks and invoke a thread to run them, the GQL Daemon will be integrated with workflow tools and adding scheduling features so that user can control the starting time of a task, define its priority and apply for e-mail notification service when the task is done.

5.7 GQL Visualized Designer

At last, I plan to build a visualized designer. Before this, a more sophisticated metadata repository will be built which contains the attributes of entities, the relations between entities. Users will be able to build queries by drag-and-drop available attributes and define the workflows using icons and connections. The queries will be saved as GQL script. 

In the area of building visualized designer for query automation, similar works can be found in a Web-database application in bioscience area using the EAV/CR framework [5]. This application uses metadata repository to implement an ad-hoc query interface generator. After transforming from conceptual data view to the Entity-Attribute-Value view, final SQL statements will be generated after users submit their queries. One shortcoming is it does not provide a query language on conceptual level, which limits its further enhancement on defining complex data manipulations such as join, workflow etc.

6. Summary and Conclusion

By introducing a query language to automate the query and result presenting process, I have provided a economical solution for building reporting and data analysis focused applications. The wide use of the old version of this toolkit proved that it is a good way to meet the clients’ requirements and improve the efficiency of software development.

Currently I am in the process of transforming this toolkit into B/S architecture using Java platform and have built a simple framework for future expanding. There is still a long way to go to build a fully functional data analysis software package. Various techniques will be used into this project. 

The goal of my project is to build a workbench for the research of new data warehousing techniques and testing of new data mining algorithms. At the same time, it will provide valuable solutions for future commercial use in Business Intelligence area.
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