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1. Introduction

1.1. Objectives 

The objective of this document is to describe the test cases and processes that were used in testing the NASA Linker software that is deliverable under contract NAS5-03090, Completing the Loop: Linking Software Features to Failures.  The data obtained and reported by the Linker tool is required to be correct in all cases and not distorted in any way.  The testing of the software is critical to this objective.

1.2. Background

The Linker tool described in this document will be used to pull information about software issues from the NASA Project Issue Tracking System (PITS).  The Linker tool will be able to pull fields from multiple projects with multiple numbers of issues in each project.  An analyst can select any project to report on, and select any subset of the fields in the project for import into the Linker tool.  Once this data is imported, the analyst can select any subset of projects and fields imported to the tool, and make a comma separated value file from the data.  This data can then be used for analysis.

The need for the Linker tool arises from the lack of reporting capabilities across projects in PITS.  The Linker tool allows for data extraction from PITS across multiple projects, and allows customizable reports by letting the analyst choose which fields to extract in the comma separated value format.

The vision for Linker is to allow other project information to be extracted into the application in addition to the PITS information.  Other project information can then be “linked” to the issue data, allowing for conclusions to consider factors outside of issues alone.

1.3. Scope 

The system test documentation is provided in accordance with IEEE STD 829-1998.  

The major functional areas that were tested as part of this test program include:

1. The ability to extract data from PITS,

2. The ability to generate a comma separated value report from the extracted data, and 

3. The ability to select projects and fields from which an analyst wants to collect and report data. 

1.4. References

IBM Center for Software Engineering. "Details of ODC v 5.11" <http://www.research.ibm.com/softeng/ODC/DETODC.HTM>. 1 October 2003.

IEEE Standard 829-1998, IEEE Standard for Software Test Documentation, 1998.

Lesch, Keith. "Project Plan, Completing the Loop: Linking Features to Failures" 15 September 2003.

Lutz, Robyn and Mikulski, Carmen. "Formalized Pilot Study of Safety-Critical Software Anomalies"  < http://sas.ivv.nasa.gov/conclusion2002/Robyn_and_Carmen_Formalized_Pilot_Study_of_Safety-Critical_Software_Anomalies.ppt> 11 Aug. 2003.

Mountain State Information Systems, Inc., “SRS Linker.” 15 November 2003.

Titan Corporation.  “PITS Version 3.0 User’s Guide.”  http://129.164.39.150/pits/Help/pitshelp.doc, 21 March 2003.

2. Test Plan

2.1. Introduction

All interfaces of the Linker application have been tested for completeness and desired results.  This plan includes descriptions of the preparation required to execute the test procedures described in Section 3.

2.2. Test Items

Test items include all Linker interfaces and database tables.

2.3. Features To Be Tested

The following features of the Linker tool are part of this test program.

1. Linker Main Menu,

2. Linker project selection interfaces for extraction from PITS,

3. Linker field selection interface for extraction from PITS,

4. Extraction Capability of Linker,

5. Linker project selection interface for reporting,

6. Linker field selection interface for reporting, and

7. Reporting Capability of Linker.

2.4. Features Not To Be Tested

None.

2.5. Approach

The Linker tool was tested in two phases.  The first phase covered all of the extraction capabilities.  The second phase covered all of the reporting capabilities based on the successful results of the first phase.

2.6. Item Pass/Fail Criteria

The pass/fail criterion for each test case is specified in the 'Test Case' table for each test procedure.  If a failure occurs before reaching the end of a test procedure, the test has failed, unless otherwise specified by the test case.

2.7. Suspension Criteria and Resumption Requirements

If a test procedure is unable to be completed in its entirety, testing is suspended until the problem is corrected.  The failed test procedure should be re-executed after the correction is completed.  Failure of a test case due to incorrect results does not constitute suspension of testing.

2.8. Test Deliverables

The following were generated as part of this test program.

· Test Plan

· Test Procedure Specifications

· Test Case Specifications

· Test Logs

· Test Summary Report

2.9. Testing Tasks

To perform the test procedures specified in this document, the software applications in 2.10.2 are installed on the local machine.  PITS Version 4.01 database and Linker application were installed and made accessible for use on a local area network at the IV&V facility.  An HTML 4.0 compliant web browser supporting JavaScript was installed on the local machine.

2.10. Environmental Needs

2.10.1. Hardware 

Any hardware robust enough to run SQL Server 2000, Internet Information Services 5.0 or greater, and an Internet Browser is robust enough to run the Linker application.  A network device is also needed to allow connection to a remote PITS installation.  A Pentium 4 processor with at least 256 megabytes of RAM is recommended as a minimal requirement for a machine handling all of the necessary software functions.  If servers are provided for the server functions, a Pentium 3 processor with at least 128 megabytes of RAM is recommended.

2.10.2. Software

The following software was required to do testing:

1. SQL Server 2000 - A database management system that hosts all of the data for the Linker application.

2. Internet Information Services - Web server software that will allow the interpretation of Active Server Pages

3. Internet browser – HTML 4.0 compliant and capable of running JavaScript.

4. Linker Application

3. Test Procedure Specifications

3.1. PITS Data Extraction

3.1.1. Test Procedure Identifier

TPI-01 is the test procedure identifier.

3.1.2. Test Items

The test items below are the main Active Server Pages the user visits during the process of importing issues from PITS.  These modules have functions and subroutines that output the data to the screen.  The following test cases test each one of the sub functions for correct functionality.  

In addition, pickprojects.asp and pickfields.asp have dual roles in the Linker application.  One role is from the 'report' side of Linker, as compared to the role of the 'import' side of Linker.  Test Procedure TPI-01 tests the 'import' functionality of pickprojects.asp and pickfields.asp.  Test Procedure TPI-02 tests the 'report' functionality of pickprojects.asp and pickfields.asp.

1.  Interface Modules:

a. index.asp - The main menu of the application

b. pickprojects.asp - The asp interface page which presents to the user a list of project names in a multi-select form from which the user can pick which projects to extract data.

c. pickfields.asp - The asp interface page from which the user can select fields from specific projects to extract data.

2.  Data Extraction Modules

a. pullIssues.asp - The ASP module that pulls issues from PITS and inserts issues into the Linker database.

3.1.3. Special Requirements

In order to execute the selection algorithms from PITS a variable must be set called PITSConnection in the Globals.inc file to PITS SQL Server database.  In order to input the results of the PITS data extraction into the Linker tool, a variable called LINKERConnection in Globals.inc must be set to the connection string for Linker's SQL Server database.

3.1.4. General Procedure

1. On index.asp

a. Click "Import Projects and Fields from PITS."

2. On pickprojects.asp

a. Select a subset of projects from the multiple selection lists.

b. Click "Pick Fields from these Projects."

3. On pickfields.asp

a. Select a subset of fields from the subset of projects selected on pickprojects.asp with at least one field being selected for each project.

b. Click "Import these Fields from PITS."

4. On pullIssues.asp

a. All of the data is extracted from PITS and transferred to Linker.

b. Data is printed to the screen for verification purposes using a test script (This feature will not be in the final version).

c. The user is redirected to index.asp.

3.1.5. Test Cases

	Input
	Pass Criteria
	Identifier

	Picking Projects from PITS for Extraction - Module pickprojects.asp

	User selects all projects
	Fields listed out under each project on pickfields.asp
	TPI-01-01

	User selects subset of projects

	Fields listed out under project picked on pickfields.asp
	TPI-01-02

	User does not select a project

	Application Error Message
	TPI-01-03

	There are 100 projects in PITS to choose from

	Multi select list of 100 projects 
	TPI-01-04

	User selects projects previously extracted
	Fields form with fields to select
	TPI-01-05

	Picking Fields from PITS for Extraction - Module pickfields.asp

	User selects all fields
	Printout of Issues Inserted
	TPI-01-06

	User selects no fields
	Error Message from Application
	TPI-01-07

	User selects subset of fields
	Printout of Issues Inserted
	TPI-01-08

	Project selected has no fields
	Message w/o submit button
	TPI-01-09

	Multiple projects selected have no fields
	Message w/o submit button
	TPI-01-10

	User selects fields previously extracted
	Printout of Issues Inserted
	TPI-01-11

	PITS data extraction and Linker transfer - Module pullIssues.asp

	No project data are received
	Error Message from Application
	TPI-01-12

	No field data are received
	Error Message from Application
	TPI-01-13

	One project with all fields selected
	Printout of Issues Inserted
	TPI-01-14

	One project with subset of fields selected
	Printout of Issues Inserted
	TPI-01-15

	Many projects with one field selected
	Printout of Issues Inserted
	TPI-01-16

	Many projects with many fields selected
	Printout of Issues Inserted
	TPI-01-17


3.2. Comma Separated Value Reports

3.2.1. Test Procedure Identifier

TPI-02 is the test procedure identifier.

3.2.2. Test Items

Items in this test procedure were tested from the 'report' role of the Linker application defined in section 3.1.2.
1. Interface Modules:

a. index.asp - The main menu of the application

b. pickprojects.asp - The asp interface page which presents to the user a list of project names in a multi-select form to let the user pick which projects he/she wants to report data from.  An option exists to only show overlapping fields in the projects picked for the report.

c. pickfields.asp - The asp interface page which allows the user to select which fields from which projects he/she wants to report data from.  

2. Data Reporting Modules:

a. makereport.asp - The module which outputs comma separated data formatted as text.

3.2.3. Special Requirements

In order to output the Linker data to the screen in comma separated value format, a variable called LINKERConnection in Globals.inc must be set to the connection string for Linker's SQL Server database.

3.2.4. General Procedure

1. On index.asp

a. Click "Report Projects and Fields from Linker."

2. On pickprojects.asp

a. Select a subset of projects from the multiple selection lists.

b. Check to determine whether to show only overlapping fields in the projects selected or not.

c. Click "Pick Fields from these Projects."

3. On pickfields.asp

a. Select a subset of fields from the multi select list under the projects previously selected on pickprojects.asp with at least one field being selected for each project.

b. Click "Import these Fields from PITS."

4. On makreport.asp

a. All of the data is pulled from the Linker database and formatted as comma separated output.

b. Data is printed to the screen to be saved using the File->Save As command.

3.2.5. Test Cases

	Input
	Pass Criteria
	Identifier

	Pick projects for report - Module pickprojects.asp

	No projects are picked for report
	Error Message from Application
	TPI-02-01

	All projects picked for report, and checkbox for overlap is checked
	List of projects selected and overlapping fields below
	TPI-02-02

	All projects picked for report, and checkbox for overlap is not checked
	List of projects with their fields below each 
	TPI-02-03

	One project picked for output, and checkbox for overlap is checked
	Project with fields below it to pick from
	TPI-02-04

	One project picked for output, and checkbox for overlap is not checked
	Project with fields below it to pick from
	TPI-02-05

	Pick fields for report - pickfields.asp

	No fields are selected for report
	JavaScript Error Message 
	TPI-02-06

	Projects selected have no overlapping fields and overlap checkbox on pickreports.asp is checked
	Message indicating no overlapping fields and no submit button
	TPI-02-07

	Form submitted with no fields selected for report
	Javascript Error Message
	TPI-02-08

	Report Comma Separated Output - makereport.asp

	No projects input
	Application Error Message
	TPI-02-09

	No fields input
	Application Error Message
	TPI-02-10

	All input received
	Comma Separated Report in Text Format
	TPI-02-11


3.3. Data Comparison

3.3.1. Test Procedure Identifier

TPI-03 is the test procedure identifier.

3.3.2. Test Items

Items in this test procedure were used to verify that input and output from the tool was correct.  The test cases exercise different sections of code for a thorough test.

1. Input from PITS to Linker

2. Output from a Linker Report

3.3.3. Special Requirements

OutputIssueObject must be allowed to run on pullIssues.asp, so the output report from Linker and input from PITS can be compared.

3.3.4. General Procedure

Compare each issue individually from the output of the pullIssues.asp module and the output of the makereport.asp module.  Compare for concise issue data between the two sets.

3.3.5. Test Cases

	Input
	Pass Criteria
	Identifier

	Import and report a project with more than 9 select fields
	Issues should have all attributes
	TPI-03-01

	Import and report a project with less than 9 select fields
	Issues should have all attributes
	TPI-03-02

	Import and report project with both select and short text fields
	Issue should have both types of data
	TPI-03-03

	Import and report project with short text fields only
	Issues should have correct data that matches
	TPI-03-04


4. Test Logs 

4.1. Test Environment

4.1.1. Test Environment 1
The test environment consisted of both client and server computers possessing the following characteristics:

Micron Personal Computer (Client)

Intel Pentium 4 at 2.4Ghz.

496 MB RAM

Windows XP SP 1

Internet Browser

Internet Information Services

PITS Installation location on Local Area Network (Server)

Micron PC

1 GHz

524 MB RAM

Windows 2000 Server SP 4

SQL Server 2000

Internet Information Services

Internet Browser

4.1.2. Test Environment 2
The test environment consisted of a single computer possessing the following characteristics:

Gateway Laptop (Client and Server)

Intel Pentium 4 at 2.4Ghz.

512 MB RAM

Windows XP SP 1

Internet Browser

Internet Information Services

SQL Server 2000 Developer Edition

4.2. Historical PITS Data

Every test executed in Test Environment 1 was run against historical PITS data as of December 2003.

4.3. Test Logs

	Identifier: TL-01-01

	Case Identifier: TPI-01-01

	Test Environment: 2
	Date: 5/03/04
	Successful: Yes

	Activity: User selects 8 of 8 projects from PITS to import data

	Results: All projects show up on pickfields.asp with their fields listed below them in multi select form fields for selection


	Identifier: TL-01-02

	Case Identifier: TPI-01-02

	Test Environment: 2
	Date: 5/03/04
	Successful: Yes

	Activity: User selects 5 of 8 from which to import data.

	Results: All projects selected show up on pickfields.asp with their fields listed below them in multi select form fields for selection.  One project did not have fields, message was given to that effect


	Identifier: TL-01-03

	Case Identifier: TPI-01-03

	Test Environment: 2
	Date: 5/03/04
	Successful: Yes

	Activity: User selects 0 of 8 projects

	Results: The application returns the message "You did not select any projects. Click here to go back and try again."


	Identifier: TL-01-04

	Case Identifier: TPI-01-04

	Test Environment: 1
	Date: 5/10/04
	Successful: Yes

	Activity: User selects 100 projects from approximately 120 or 130

	Results: User verifies there is an entry on pickfields.asp for all 100 projects with their values to select from below them in a multi select box.


	Identifier: TL-01-05

	Case Identifier: TPI-01-05

	Test Environment: 2
	Date: 5/03/04
	Successful: Yes

	Activity: User selects projects that have already been imported to Linker

	Results: User verifies projects come up to select fields for importation on pickfields.asp, and then verifies importation is correct by comparing PITS to test output from pullIssues.asp


	Identifier: TL-01-06

	Case Identifier: TPI-01-06

	Test Environment: 2
	Date: 5/04/04
	Successful: Yes

	Activity: User selects all fields from 3 projects

	Results: User verifies all fields from all 3 projects are imported by comparing PITS to test output from pullIssues.asp


	Identifier: TL-01-07

	Case Identifier: TPI-01-07

	Test Environment: 2
	Date: 5/03/04
	Successful: Yes

	Activity: User selects no fields

	Results: User selected no fields, and received a javascript pop up box, which said, "You need to select fields in all projects."


	Identifier: TL-01-08

	Case Identifier: TPI-01-08

	Test Environment: 2
	Date: 5/04/04
	Successful: Yes

	Activity: User selects 3 of 10 fields in 1 project for importation

	Results: User verifies that only the 3 fields are pulled from PITS and input to Linker using test output from pullIssues.asp


	Identifier: TL-01-09

	Case Identifier: TPI-01-09

	Test Environment: 2
	Date: 5/04/04
	Successful: Yes

	Activity: User selected 1 project which did not have fields in PITS to import

	Results: User received message, which said: "There are no fields to import from this project." The form did not have a submit button.


	Identifier: TL-01-10

	Case Identifier: TPI-10

	Test Environment: 2
	Date: 5/04/04
	Successful: Yes

	Activity: User selected 2 out of 10 projects for import, 2 did not have fields to import

	Results: Both projects were listed, with the message, "There are no fields to import from this project" under each. The form did not have a submit button.


	Identifier: TL-01-11

	Case Identifier: TPI-01-11

	Test Environment: 2
	Date: 5/04/04
	Successful: Yes

	Activity: User selects projects and fields that have already been extracted to Linker.

	Results: User verifies with output comparison to PITS data that only the correct fields have been imported from PITS, and the rest are no longer in Linker.


	Identifier: TL-01-12

	Case Identifier: TPI-01-12

	Test Environment: 2
	Date: 5/04/04
	Successful: Yes

	Activity: User simulates no project data input

	Results: pullIssues.asp gives the message, "Project data not received. Click here to go back and try again.”  This situation should never happen because of previous checking on other pages, but it is taken care of just in case.


	Identifier: TL-01-13

	Case Identifier: TPI-01-13

	Test Environment: 2
	Date: 5/05/04
	Successful: Yes

	Activity: User simulates no field data input

	Results: pullIssues.asp gives the message, "You did not select any fields. Click here to go back and try again.”  This situation should never happen because of previous checking on other pages, but it is taken care of just in case.


	Identifier: TL-01-14

	Case Identifier: TPI-01-14

	Test Environment: 1
	Date: 5/10/04
	Successful: Yes

	Activity: User Imported 1 project, all fields (10) with 129 issues 

	Results: Printout of issues successful < 1 min


	Identifier: TL-01-15

	Case Identifier: TPI-01-14

	Test Environment: 1
	Date: 5/10/04
	Successful: No

	Activity: User Imported 1 project, all fields (~14) with 10,501 issues 

	Results: Procedure did not complete, SQL Server timeout, must run again after problem is fixed.  Long SQL statement deemed to be the problem.


	Identifier: TL-01-16

	Case Identifier: TPI-01-14

	Test Environment: 1
	Date: 5/14/04
	Successful: Yes

	Activity: User Imported 1 project, all fields (~14) with 10,501 issues

	Results: Succeeded 6 minutes 


	Identifier: TL-01-17

	Case Identifier: TPI-01-15

	Test Environment: 1
	Date: 5/10/04
	Successful: Yes

	Activity: User Imported 1 project, 5 of 8 fields, with 393 issues

	Results: Succeeded <1 minute


	Identifier: TL-01-18

	Case Identifier: TPI-01-16

	Test Environment: 1
	Date: 5/10/04
	Successful: Yes

	Activity: User imports 4 projects with 2138 issues, 4-8 fields selected per project.

	Results: Succeeded in 2-3 minutes


	Identifier: TL-01-19

	Case Identifier: TPI-01-17

	Test Environment: 1
	Date: 5/10/04
	Successful: Yes

	Activity: User imported 2 projects, all fields (13, 11) with 516 total issues 

	Results: Succeeded < 1 min


	Identifier: TL-01-20

	Case Identifier: TPI-01-17

	Test Environment: 1
	Date: 5/10/04
	Successful: Yes

	Activity: User imported 4 projects, all fields (~10 ea) with 301 total issues 

	Results: Succeeded <1 min


	Identifier: TL-02-01

	Case Identifier: TPI-02-01

	Test Environment: 2
	Date: 5/04/04
	Successful: Yes

	Activity: User selects no projects on pickprojects.asp

	Results: User receives message saying "You did not select any projects. Click here to go back and try again."


	Identifier: TL-02-02

	Case Identifier: TPI-02-02

	Test Environment: 2
	Date: 5/04/04
	Successful: Yes

	Activity: User selects 8 of 8 projects for report, leaves overlap checkbox checked

	Results: User receives list of projects selected, and multi select box under them with overlapping fields


	Identifier: TL-02-03

	Case Identifier: TPI-02-03

	Test Environment: 2
	Date: 5/05/04
	Successful: Yes

	Activity: User selects 8 of 8 projects; overlap checkbox not checked

	Results: User receives project and field listings for each project


	Identifier: TL-02-04

	Case Identifier: TPI-02-04

	Test Environment: 2
	Date: 5/05/04
	Successful: Yes

	Activity: User picks 1 of 8 projects, and overlap checkbox is checked

	Results: User receives list of 1 project picked and all of its fields in a multi selection box


	Identifier: TL-02-05

	Case Identifier: TPI-02-05

	Test Environment: 2
	Date: 5/05/04
	Successful: Yes

	Activity: User picks 1 of 8 projects, and overlap checkbox is not checked

	Results: User receives list of 1 project picked and all of its fields in a multi selection box


	Identifier: TL-02-06

	Case Identifier: TPI-02-06

	Test Environment: 2
	Date: 5/05/04
	Successful: Yes

	Activity: User selects no fields for report

	Results: User receives Javascript error message saying, "You have to select fields in all projects."


	Identifier: TL-02-07

	Case Identifier: TPI-02-07

	Test Environment: 2
	Date: 5/05/04
	Successful: Yes

	Activity: User picks 2 projects, which do not have overlapping fields.

	Results: User receives 2 projects listed out and the message, "These projects do not have any fields in common."  The form did not have a submit button.


	Identifier: TL-02-08

	Case Identifier: TPI-02-08

	Test Environment: 2
	Date: 5/06/04
	Successful: Yes

	Activity: User submits fields form without selecting fields.

	Results: Javascript error message comes up saying, "You need to select fields in all projects."


	Identifier: TL-02-09

	Case Identifier: TPI-02-09

	Test Environment: 2
	Date: 5/06/04
	Successful: Yes

	Activity: User simulates no project input to makereport.asp

	Results: User receives message, "Project data not received. Click here to go back and try again." This situation should never happen because of checks on previous pages, but is prepared for anyway.


	Identifier: TL-02-10

	Case Identifier: TPI-02-10

	Test Environment: 2
	Date: 5/06/04
	Successful: Yes

	Activity: User simulates no field input to makereport.asp.

	Results: User receives message, "You did not select any fields. Click here to go back and try again."  This situation should never happen because of checks on previous pages, but is prepared for anyway.


	Identifier: TL-02-11

	Case Identifier: TPI-02-11

	Test Environment: 1
	Date: 5/10/04
	Successful: Yes

	Activity: User makes a report with 10 fields and 26 issues.

	Results: User verifies that all data is present by verifying with PITS import data.


	Identifier: TL-03-01

	Case Identifier: TPI-03-01

	Test Environment: 1
	Date: 5/13/04
	Successful: Yes

	Activity: User imported project with 14 fields 393 issues.

	Results: User verified using comparison with import data that all attributes were accounted for in report.


	Identifier: TL-03-02

	Case Identifier: TPI-03-02

	Test Environment: 1
	Date: 5/13/04
	Successful: Yes

	Activity: User imported project with 4 fields 393 issues.

	Results: User verified using comparison with import data that all attributes were accounted for in report.


	Identifier: TL-03-03

	Case Identifier: TPI-03-03

	Test Environment: 1
	Date: 5/14/04
	Successful: Yes

	Activity:  User imported 14 select fields, 1 short text field, in a project with 10,501 issues

	Results: User verified all attributes were accounted for in report by comparing import data to the report data.


	Identifier: TL-03-04

	Case Identifier: TPI-03-04

	Test Environment: 1
	Date: 5/14/04
	Successful: Yes

	Activity: User imported 3 text fields only, 412 issues

	Results: User verified all attributes were present and accounted for by comparing import data to the report data.


5. Test Summary

Thorough testing exposed shortcomings in the Linker application. All of these were corrected in the most efficient way possible.  Scenarios that failed were then retested and the on screen results were compared to the test case results.  This yielded a high quality, very efficient application.

6. Appendix A - Test Scripts

This function was used as a testing tool for the comparison of data that was imported to Linker with the data output in a Linker report.  The function was used to stop the process of redirecting the user to index.asp, and output the data that was imported to Linker (pullIssues.asp).  The data was then compared to the report generated by Linker (makereport.asp) to make sure the data matched and was valid.
        Function outputIssueObj()

          
Dim arrData 

          
Response.Write "Subject: " & Subject & "<br>Data: " 

          
arrData = getData()

          
For i=0 to ubound(arrData)-1

            

Response.Write arrData(i) & ", " 

          
Next

          
Response.Write arrData(ubound(arrData)) 

          
Erase arrData

          
Response.Write "<br><br>"

        End Function 'outputIssueObj
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