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1 Introduction

1.1 Identification

The research presented in this document was performed by the Georgia Tech Research Institute (GTRI) under the sponsorship of the Federal Highway Administration (FHWA) on Contract No. DTFH61-01-C-00049.  The task order manager is Dr. Thomas M. Granda.  The GTRI project director for this contract is Dr. Dennis J. Folds.  The work was performed by researchers in GTRI’s Electronic Systems Laboratory (ELSYS).

1.2 Background

Position (job) descriptions for Traffic Management Center (TMC) operators are difficult for TMC managers to develop.  The job performed by a TMC operator is quite different than the other positions typically found in state and local transportation departments.  TMC operator performance is a critical factor in overall TMC effectiveness.  TMC operators play a crucial role in maintaining the desired level of service on the roadway network, especially during peak times.  In situations that involve major incidents, TMC operators make decisions that impact the timely provision of medical services and safe handling of hazardous materials.

The need to identify TMC operator requirements in a manner that would lead to appropriate job classifications and might also provide guidance in TMC design was identified as one of the highest priority transportation issues by the TMC Pooled Fund Study (PFS) members in June 2000.  Consequently, funding was dedicated to the Development of a TMC Operator Requirements Matrix Project for the TMC PFS in 2002.  The purpose of the project (referred to as Phase 1) was to produce guidelines that (1) document operator knowledge, skill, and ability (KSA) requirements as a function of TMC functions and automation levels; (2) document relationships between the TMC operator requirements and requirements for comparable job classifications in other industries; (3) document how knowledge and skill requirements are related to education and training requirements; and (4) map typical training requirements to the specific job requirements.  In general, the Phase 1 documents met these objectives.  The final report, entitled Guidelines for TMC Transportation Management Operations Technician Staff Development, contains a set of requirements matrices that show the relationships between TMC functions and tasks and the KSAs required to perform such tasks.  Although the information within the Phase 1 report can be extracted to help create a job description, the volume of information available makes the use of the materials very time consuming and unwieldy.

The goal of this Phase 2 effort is to make the materials from the Phase 1 effort more accessible through the development of a software tool and supplementary documentation.  The tool will be free for distribution and use by FHWA, TMC PFS members, and other public agencies and practitioners who are involved in developing TMC operator requirements and position descriptions.

The present document defines the software requirements and underlying architecture for the Phase 2 software tool.  The following requirements in the statement of work are applicable to the present document:

“The Contractor shall define a desired architecture which outlines the organization and provides high level design of the software to be developed in this task order.  The software architecture should describe in detail the following items:

· Software platform requirements – environment and operating systems supported, including platform requirements for delivery (web based, PC based, etc); 

· Software system structure – components, dependencies, interfaces, etc.;

· Software standards to be used – including language, code development and commenting requirements, etc.);

· Database platform/requirements and data standards to be applied; and, 

· Software configuration management.

The Contractor shall evaluate and recommend alternatives for platform and delivery systems requirements.   Recommendation will include selection of an operating system or systems, method of delivery (downloadable via the Internet, or delivered on CD-ROM) and hardware requirements.  The primary goal in selecting alternatives is to strike a balance between making the software tool available and accessible to the greatest number of potential users and controlling development costs.  

The Contractor shall also develop and document appropriate software requirements that define features and functions of the software product and other attributes the software must have.  The software requirements document shall:

· Expand upon the initial requirements outlined in and/or developed for this task order. 

· Define the planned features and functions of the software product. 

· Describe other qualities that the software must have, such as usability attributes or regulatory compliance. 

· Clearly define and prioritizes the user requirements and software capabilities and features that the Contractor must deliver in the final software product. 

· As appropriate, identify long-term plans for future releases and features. 

· As appropriate, identify maintenance and support costs. 

The Contractor shall submit to the TOM draft copies of the Software Architecture Document and the Software Requirements Document within 120 calendar days of contract initiation.  The TOM will review the architecture and requirements and provide feedback within 14 calendar days of receipt from the Contractor.  The Contractor shall submit final draft copies of the Software Architecture and Software Requirements Documents that are responsive to the TOM comments within 14 calendar days of the receipt of these comments.

The Contractor shall submit to the TOM final copies of the Software Architecture Document and the Software Requirements Document within 400 calendar days of contract initiation.  The final documents shall reflect all decisions and agreements made for the final design and production of the software.  The Contractor may be required to perform minor editorial revisions to the final documentation that is submitted to the TOM.  These final documents shall conform to the FHWA publication guidelines and the requirements specified in Section 4 for deliverables to be developed and submitted in this task order.”
The software architecture is described in Section 2, with specific software requirements contained in Section 3.

1.3 Reference Documents

· Draft - TMOT Staff Development Phase 1 Document Analysis, January 15, 2004.

· Final - Phase 2 Interactive Tool Functional Requirements, July 2005.

· Draft - TMC Operator Requirements and Position Descriptions, Phase 2 Interactive Tool - Usability Test Plan, March 2004.

· Electronic Systems Laboratory Engineering Process and Procedures Manual.  GTRI document ELSYS-02-EPG-M-001, Version 3.0, February 2003.

· Electronic and Information Technology Accessibility Standards, December 21, 2000.

· Guidelines for TMC Transportation Management Operations Technician Staff Development, Publication No. FHWA-OP-03-071, December 2002.

· Selected Transportation Management Center (TMC) Position Descriptions. Document prepared for Phase 1 of the TMC Operator Requirements and Position Descriptions project.

1.4 Tool Overview

The TMC Operator Requirements and Position Descriptions (TMCOps) Tool (referred to herein as “the tool”) will aid TMC managers and other personnel in the development of position descriptions, training programs, and lists of testable skills for TMC operators.  The tool will be primarily based on materials developed during Phase 1 of the TMC Operator Requirements and Position Descriptions project, modified and supplemented as necessary.  The document TMOT Staff Development Phase 1 Document Analysis, developed in Task 2 of the current effort, describes how the Phase 1 materials will be used in the Phase 2 tool and details some of the planned modifications and enhancements of the Phase 1 documentation.  The functional requirements for the tool were documented in Phase 2 Interactive Tool Functional Requirements, developed during Task 3 of this effort.  Figure 1 on the next page shows the functional flow within the tool.

Access to Background Material and Supplemental Material

The tool will provide access to the updated background materials from Phase 1 and to other supplemental materials developed during Phase 2, including an introduction to the tool, tutorial material on various topics, a glossary, and a list of acronyms.  Users will be able to browse the material within the tool interface, and will also be able to download the complete, updated text of the documents in a form that can be viewed independently of the tool interface.  A search utility will be provided so that users can quickly locate specific terms in the text of the tool.  Users will be able to print any screen of the tool.

Interactive Dialog

The heart of the tool will be the “interactive dialog,” which implements the “step-by-step process for writing TMOT position descriptions” (presented in section 5 of the TMC Operator Requirements and Position Descriptions) in an interactive, electronic format.  The interactive dialog will guide users through the step-by-step process, prompting users to provide input where it is required and automating the process where possible.  The functionality of the interactive dialog will also go beyond the step-by-step process and will guide users through the development of actual position descriptions.  In addition to position descriptions, the interactive dialog will be able to generate other output products, including training programs and lists of testable skills for TMC operators.
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Figure 1: Functional Flow within the TMC Operator Requirements and Position Descriptions Tool

Two versions of the interactive dialog will be available.  One version is the full dialog, in which users characterize the TMC of interest by selecting the specific functions, composite tasks, and discrete tasks performed by the TMC of interest from a series of lists based on the tables in Appendix B of the TMC Operator Requirements and Position Descriptions.  If the TMC of interest performs functions or tasks not present in the base set, users will be able to define new functions and tasks and incorporate those into the processing performed by the interactive dialog.  Users will also be able to define new KSAs that can be associated with new discrete tasks that they previously created.

After characterizing the TMC of interest, users will select their desired output products.  The list of available output products includes position descriptions, training programs, and lists of testable skills.  Some output products will require additional user input; the dialog will prompt users when additional input is required.  Position descriptions are the most complex output products.  The interactive dialog will guide users through the development of position descriptions, including both structure and content.

The second version of the interactive dialog is the streamlined dialog.  The streamlined dialog will follow the same general progression as the full dialog, but will be quicker to complete and require less user input.  The user will select the functions performed by the TMC of interest, and the dialog will then present a minimal set of discrete tasks, selected to generate the full list of KSA requirements without requiring extraneous input from the user, for the user to select from.  In this way, users can obtain output products tailored to the TMC of interest without having to explicitly specify each function and task performed by the TMC of interest.

If the necessary information can be obtained, the tool will also provide a set of default profiles based on existing TMCs.  Users could select a profile that closely matches the TMC of interest as a starting point and modify it as desire to expedite the process of characterizing the TMC of interest.

Help System

A help system will be included as a part of the tool.  The help system will be context-sensitive; that is, the help that is presented will be tailored based on the location in the tool from which the help system was accessed.  The help system will contain information about how to use the various features of the tool, and will include help on both broad topics (“Navigation”) and very specific topics (“Using the Select Functions Page in the Streamlined Dialog”).

Other Key Features

GTRI will utilize a user-centered design process to determine the specifics of the tool design.  User-in-the-loop testing will be performed to ensure the user friendliness and ease of use of the software, the usefulness of the user documentation, and the value of the tool to practitioners.  The specifics of the user testing will be provided in the usability test plan, produced in Task 6.  The tool will be designed in accordance with the standards for accessibility set forth in Section 508 of the Rehabilitation Act, as amended by the Workforce Investment Act of 1998.  The tool will contain all of the standard logos, meta tags, contact information, and other identifying information required by DOT and FHWA.

2 Software Architecture

No changes to the software architecture were necessary based on the results of the usability testing performed in Task 6B.

2.1 Primary Software Components

The TMCOps tool, as described in the Tool Overview section, consists of software components and source data.  The source data is based upon existing documents and reports, supplemented as necessary to provide all required information for the tool.  The software components are the user interface and the interactive dialog engine – software that accepts user input to characterize a TMC and creates customized outputs from the source data that reflect the specific requirements of the TMC of interest.

2.2 Potential Approaches

Two primary approaches were considered for the basic architecture of this tool.  First, the tool could be a stand-alone application, delivered to users for installation on a local machine.  This implies that all components of the tool (including the underlying data) would be included in the delivery and that the software components supporting the tool must be present on the machine upon which the tool is loaded.  If the tool were delivered as an executable, the target platform must be defined and the executable built for that platform.  Languages designed for platform-independence are typically interpreted (i.e., they do not reduce down to an executable) and require that the language libraries be installed on the target machine.  Additionally, if the tool utilizes a database, the database software also becomes a system requirement.

A second approach is a client-server approach, which allows for centralized storage of the underlying data on a dedicated server and multiple, distributed clients that access the data.  Although the data supporting the tool is expected to be fairly static, this approach allows for easy updates to the data if the need arises.  In addition, the software requirements that support data management are imposed on the server machine only and not on the clients.

A review of the functional requirements for the tool shows that much of the required capability is already offered by commercial-off-the-shelf (COTS) applications.  A web browser offers the basic browsing, navigation, search, and printing capabilities that are required in the tool.  Another benefit of the web browser approach is that it is basically platform independent.  The target platform becomes much less of an issue since browsers have already addressed the problem.  Although web browsers can support the stand-alone application approach (the first alternative presented above), they were designed to work in the client-server architecture supported by web servers.  A full web approach places the system requirements of the tool on the one server machine rather than on every client.  The server is the only system that must host a web server, a database, and the scripting software to perform the processing needed for the interactive dialog.  Clients need only a web browser.
2.3 Recommended Architecture

For the reasons stated above, the client-server web-based approach is the recommended architecture for this tool.  The acceptance of this recommendation is an underlying assumption within the statement of software requirements in Section 3 of this document.
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Figure 2 depicts the high-level architecture design of the Phase 2 interactive tool.  The client first accesses the tool when a user enters the tool’s URL into his/her web browser.  The static capabilities of the tool (e.g., information display) will be accomplished via standard hypertext markup language (HTML) pages with scripting features to pull information from the database as needed.  This approach allows the underlying information to be updated without the need to modify the tool’s software.  The database will be a MySQL database, which is publicly-available freeware that has proved exceptional in prior projects.  The interactive portions of the tool will use HTML forms and Common Gateway Interface (CGI) scripts (written primarily in PHP, with one exception that is written in Perl).

Figure 2:  High-Level Software Architecture for Phase 2 Interactive Tool

As mentioned in the tool overview in Section 1, the user will have the ability to enter new information that is used when generating various outputs.  This user information will be stored on the centralized server rather than the client machine.  However, this user information will be protected from general view, with access restricted to users having the appropriate credentials.  The reasons for storing the information centrally are threefold.  First, a web-based architecture purposely limits an application’s ability to access a client machine for security reasons, and although there are ways to circumvent these restrictions, they are difficult and often unreliable.  Second, the centralized storage of user data allows users to access their information from any client machine.  Local storage of this information would require that users work on only one machine in order to have access to their personal data.  Finally, this approach does not add additional software requirements on the client, i.e., MySQL does not have to be installed on the client machine in order to use the tool.
2.4 System Requirements

Although the tool is web-based and therefore basically platform-independent, there are differences between the common web browsers and how they work with various features allowed in HTML and other web-based languages that can co-exist with HTML (e.g., JavaScript).  We expect that the most common platform and browser among users is Microsoft Internet Explorer running on Microsoft Windows systems.  Thus, Microsoft Internet Explorer Version 6 under Microsoft Windows will be our target client.  However, we will fully test the tool under two other browsers, Netscape Version 6 under Microsoft Windows, and Mozilla Version 1.6 under Linux, and ensure that the tool is fully operational with these systems.
Based on past experience, we attempt to avoid the Microsoft Internet Information Services web server.  In our experience, it has proved to be unreliable, requiring frequent server reboots.  We have had excellent results with the Apache 1.3 web server, running on a Microsoft Windows XP machine.

MySQL version 3.23 is recommended as the supporting database server.  MySQL is lightweight, fast, and simple to configure and use.  Although MySQL has been slow to implement enterprise-level functionality (such as foreign keys, transactions, and subqueries), this does not cause problems for the TMCOps tool.  Foreign keys are easily handled via software rather than in the database, and the other forms of enterprise functionality are not required by the tool.

Other supporting software requirements on the server will be limited to scripting languages such as Perl and/or PHP.

2.5 Coding Standards

The software team will, to the maximum extent possible, code to the HTML Version 4.01 standards.  However, many of the most common web browsers are not coded to these standards and a useful web-based tool will require non-standard HTML.  Since a key purpose of standards-based coding is to ensure the ability to operate in a variety of environments, we will verify the tool’s portability rather than the strict conformance to standard HTML.  As mentioned above, we will fully test the tool on three different web browsers, including the two most popular browsers, and ensure the proper operation of the tool in these environments.  The ability of the tool to operate in these multiple environments will serve as a measure of the appropriateness of our coding practices.

2.6 Configuration Management

The Electronic Systems Laboratory at GTRI has standard processes and procedures in place for software development, as documented in the Engineering Processes and Procedures Manual (EPPM).  Included in this document are the recommended procedures for configuration management.  The management of software developed under this task will conform to those processes described in the EPPM and summarized here.

All electronic media associated with the software tool, including all software, data, and related documents, will be controlled using the MKS Source Integrity (MKSSI) system.  This system maintains version control and requires that files be checked out before modification.  The MKS Integrity Manager (MKSIM) system is used to handle change requests and maintain a record of changes and the rationale for them.  The relationship between these two systems and how they work within the software development process is shown in Figure 3 on the next page.
Figure 3

:  Software Development and Configuration Management within ELSYS

At the beginning of a development effort, programmers produce “experimental” (or prototype) code that undergoes only initial or programmer testing.  Even in this prototype phase, all files are checked into the MKSSI system.  Once the team has verified that a prototype approach will work for the project, the code is updated (to production level code) and moved to a development state.  The use of MKSSI continues, maintaining an archive of all versions of each file.  When a programmer believes his code to be complete (based on the requirement(s) it was to fulfill) it is submitted for approval.  At this point unit testing takes place, involving the task leader or others assigned by the task leader.  If the unit test is successful, the code undergoes a peer review process to verify that the programming standards are met.  Up to this point, electronic products are under “informal control,” which allows changes to files in MKSSI to be initiated without the need for a formal change request.  However, once a unit of code has undergone unit testing and has been promoted to Approved state, changes require a formal change request via the Integrity Manager system.  Software task lead, Dana Stocks, will serve as Configuration Manager for the tool and will be responsible for processing change requests.  Changes to software modules or data that do not affect the agreed upon functionality, cost, or schedule will be handled internal to GTRI.  Changes that do affect functionality, cost, and/or schedule will be submitted to the customer for formal approval.

At various points during development, the system will be baselined and assigned a version number.  Baselines will be accomplished by the Configuration Manager and will be established by both a checkpoint and by attaching “labels” to the appropriate configuration items via MKSSI.  The expected baselines include, but may not be limited to, the following.


Product
Version
Expected Date

Initial product for usability testing
0.1
9/07/04


Final product for delivery
1.0
1/04/05

The Configuration Manager will audit the project as needed during the contract.  At a minimum, two audits will be performed, the first approximately mid April 2004 (to ensure the MKSSI system is being used) and the second approximately 2 months into efforts leading to Version 0.1.
3 Requirements for the Software Tool

The purpose of the TMCOps tool is to aid TMC managers and other personnel in the development of position descriptions, training programs, lists of testable skills for TMC operators.  The requirements for the tool address two broad areas:  (1) the software requirements needed to support the functional requirements for the tool, and (2) underlying information needs upon which the tool is based.

No changes to the requirements for the software tool were necessary based on the results of the usability testing performed in Task 6B.

3.1 Data Requirements

The backbone of the tool is the information to which it provides access; the tool does nothing without this information.  The tool does not generate any data of its own, but rather provides tailored access to pre-existing information based on user specifications.  This section describes the requirements for the information the tool must provide.

Two documents generated during the Phase 1 effort are the core of the information provided by the tool.  Each document will be modified as necessary during the Phase 2 effort and the resulting document will be included in the interactive tool.

· The tool shall include the full text of the TMC Operator Requirements and Position Descriptions document. (SRS Req. 1)

· The tool shall include full text of the Selected TMC Position Descriptions document, as modified by the Phase 2 effort. (SRS Req. 2)
In addition to these documents generated during Phase 1, the tool will also include additional material as needed to fulfill the stated functional requirements.
· The tool shall include introductory text describing the content, purpose, and intended audience of the tool. (SRS Req. 3)

· The tool shall include tutorial material to elaborate on various topics relevant to the tool content. (SRS Req. 4)

· The tool shall include a glossary that defines all terms used in the tool materials that are deemed to be in need of definition or explanation. (SRS Req. 5)

· The tool shall include a list of all acronyms used in the tool. (SRS Req. 6)

· The tool shall include help pages containing information on the mechanics of using the tool.  These pages shall be organized in such a way that supports links to specific items in the help, thus allowing a “context sensitive” help system. (SRS Req. 7)

· The tool shall include all standard logos, meta tags, contact information, and other such material required by DOT and FHWA. (SRS Req. 8)
· The tool shall include information regarding common position descriptions, such as format, common wording, and typical sections. (SRS Req. 9)
For basic browsing capability, the tool’s information shall be available in HTML formatted pages with appropriate links between documents. (SRS Req. 12)

In cases where complete documents are available for download to the client machine, these documents shall be in the Adobe Acrobat (PDF) format to prevent modification of the data and to maintain proper formatting. (SRS Req. 13)  The documents that will be converted to PDF include TMC Operator Requirements and Position Descriptions and Selected TMC Position Descriptions, as modified by GTRI.

The tool shall contain information from the supporting documents organized in such a way as to support the tailoring of displays as described in the interactive dialog. (SRS Req. 14)  This includes the following relationships.

· Relationship of functions to composite tasks.

· Relationship of composite tasks to discrete tasks.

· Relationship of discrete tasks to KSAs.

· Relationship of discrete tasks to performance levels.

· Relationship of KSAs to performance levels.

· Relationship of KSAs to testable skills.

· Relationship of discrete task/performance level combinations to generic activity groups.

· Position descriptions based on functions, tasks, and KSAs.

3.2 Software Requirements

3.2.1 Basic Requirements

The software tool is envisioned as a web site, consisting of basic browsing capability supported by an interactive dialog that assists users in obtaining information tailored to the TMC of interest.  The software requirements that support this basic browsing are provided through the use of a COTS web browser and are described here.

In the intended web architecture, the electronic browsing of information is based solely on the existence of the desired HTML files.  The exact content of the file is not important to the software, only that the file is properly formatted.  Thus, the functional requirements dealing with electronic browsing of various data boil down to a single software requirement.  The tool shall allow any properly formatted HTML file to be displayed. (SRS Req. 15)
The software tool shall support basic browsing via direct links; navigation features including back and forward shall be supported where possible. (SRS Req. 16)  The tool shall provide navigation aids that will allow users to navigate directly to other parts of the tool, to navigate through series of pages, and to change levels in the page hierarchy. (SRS Req. 17)
The tool shall allow information to be downloaded to the client machine for permanent storage upon user request. (SRS Req. 18)  The information that will be available for download includes the background materials (offered in PDF format) and the output products generated by the tool (offered in plain text and Rich Text Format).
The tool shall allow users to print any information display provided by the tool. (SRS Req. 19)
The tool shall provide a search utility that will allow users to enter search terms and receive search results in the form of a list of direct links to places in the tool text where the search terms were found. (SRS Req. 20)  The search capability will be limited to the static portions of the tool and will not return hits on pages in the interactive dialog that are generated dynamically.

3.2.2 Usability Requirements

The tool shall comply with the standards for accessibility set forth in Section 1194.22 (Web-Based Intranet and Internet Information and Applications) of the Electronic and Information Technology Accessibility Standards developed by the Access Board to implement Section 508 of the Rehabilitation Act (29 U.S.C. 794d), as amended by the Workforce Investment Act of 1998. (SRS Req. 21)
The tool shall adhere to established human factors principles of good user interface design as defined in the Usability Test Plan produced under Task 6 of this contract. (SRS Req. 22)  For instance, the tool will provide clear error messages to the user when necessary.

3.3 Interactive Dialog Requirements

The tool will provide an interactive dialog for the purpose of gathering user information and providing tailored outputs to users based on the information provided.  In this portion of the tool, users are presented with a series of screens that display the base set of TMC functions and tasks developed in Phase 1.  Users characterize the TMC of interest by selecting existing or entering new functions and tasks that the TMC of interest performs.  The purpose of this data collection process is to determine (based on the requirements matrices developed in Phase 1) the Knowledge, Skills, and Abilities (KSAs) required by the functions and tasks of the TMC, which then serve as input for the various output products generated by the dialog.  The software requirements that support this interactive dialog are described below.

3.3.1 Interactive Dialog Requirements

The tool shall have the ability to customize an HTML page based on information obtained from a user on prior pages. (SRS Req. 23)  This capability is the key to the interactive dialog that works through a series of pages, each depending upon the results of prior pages.  This section defines the specific capabilities required within the pages of the interactive dialog.

Much of the interactive dialog is based on the selection of items of interest from a set of displayed items.  The tool shall allow users to select any number of items from a list of possible options. (SRS Req. 24)  This capability will be used to

· select functions of interest from a list of TMC functions (as defined in TMC Operator Requirements and Position Descriptions or created by the user),

· select composite tasks of interest from a list of composite tasks (as defined in TMC Operator Requirements and Position Descriptions or created by the user, and associated with selected functions),

· select discrete tasks of interest from a list of discrete tasks (a as defined in TMC Operator Requirements and Position Descriptions or created by the user, and associated with selected composite tasks and performance levels),

· tailor the KSA list upon which outputs are based (those associated with current and/or future functions or specific performance level(s)),

· modify the performance levels of discrete tasks associated with KSAs,

· select the desired output product(s) from the possible options: position descriptions, training programs, and lists of testable skills, and

· tailor the position description output product by defining the structure of the position description (the sections that are to be included and the order in which they are to be included) and the content of the position description.

In addition to selecting from a list of pre-defined data items, the interactive dialog requires that users have the ability to supply new data that will be used in subsequent portions of the dialog.  The tool shall allow users to enter new data that will then be utilized in subsequent processing for the user. (SRS Req. 25)  This capability will support the following items:

· The definition of new TMC functions, composite tasks, discrete tasks, and KSAs.

· The identification of desired values for variables in KSAs.

· The modification of position description text provided by the dialog and the specification of text for sections of the position description for which no text from the dialog is available.
The tool shall permanently store new user-provided information. (SRS Req. 26)  The tool shall allow users to edit previously entered data. (SRS Req. 27)  It should be noted that access to (and utilization of) user data will be limited to users providing the proper credentials.

Another aspect of the interactive dialog is the characterization of information according to specific alternatives.  These characterizations offer greater flexibility to the user when requesting output products.

· The tool shall allow users to characterize TMC functions, composite tasks, and discrete tasks as either “Current” or “Future.” (SRS Req. 28)

· The tool shall allow users to characterize discrete tasks according to their performance level. (SRS Req. 29)

The process implemented by the interactive dialog will include two instances where users may order items on a list.  The tool shall allow users to specify a desired order of items on a list. (SRS Req. 30)  The list of items to be ordered will be presented as a list, with controls that enable users to select an item and move it up or down in the list, and repeat the process for different items until the desired order is achieved.  This ordering capability will be used to prioritize the selected TMC functions, and to specify the desired order of sections in a position description output.

Finally, the tool will generate output products tailored according to the information provided during the interactive dialog.  It is important to note that these outputs are based strictly upon the underlying data sources and relationships available to the tool.  In other words, the tool itself does not create new information for any of the output products.  Rather, the tool takes existing information and packages it in different ways depending on the user selections during the interactive dialog.  The specific output requirements are stated in the bullets below.

· The tool shall generate a list of KSAs derived from the user’s selected functions and tasks. (SRS Req. 31)  If the information is available, the KSA frequency, performance level, and timeframe will also be displayed, and users will be able to filter and sort the KSA list based on these parameters.  The frequency of occurrence will be calculated as the number of selected tasks that require each KSA over the total number of selected tasks.

· The tool shall generate position requirements based on the required KSAs identified for the position.  (SRS Req. 32)  This requirement has been deleted.  Position Requirements are generated as a section of the Position Description output, not as a separate output product.
· The tool shall generate position descriptions based on the required KSAs identified for the position. (SRS Req. 33)  In this context, position descriptions include functions, tasks, and KSAs associated with a personnel slot in the TMC, plus other supplemental information that will identify and clarify the substantive content of the description.  This supplemental information may be supplied by the tool or by the user.  The type of supplemental information required is determined by the user’s selection of sections to be included in the position description.
· The tool shall generate lists of testable skills. (SRS Req. 34)  These testable skills are based on text extracted from the list of KSAs generated based on the user’s characterization of the TMC of interest.
· The tool shall generate training programs based on the Traffic Management Operations Technician Training Program included in TMC Operator Requirements and Position Descriptions. (SRS Req. 35)
Outputs shall be displayed on the client machine. (SRS Req. 36)   The tool shall provide a way to save the outputs to a format suitable for use outside of the tool.  (SRS Req. 37)  Output products will be available for download to the client machine in either plain text format or Rich Text Format.

3.3.2 Supporting Requirements

The interactive dialog requires extensive input from users, particularly when users are specifying the functions and tasks performed by the TMC of interest.  To prevent users from having to enter their selections more than once, the tool needs the ability to save the information so that it can be accessed automatically and reused.

The tool shall preserve all user inputs during navigation through the interactive dialog. (SRS Req. 38)  Thus, when users return to a page they have already “processed,” the state of their inputs is retained.
The specific entries in the interactive dialog define a profile for the TMC of interest.  The tool shall provide users the ability to save their current profile (either overwriting an existing profile or generating a new one) and retrieve saved profiles. (SRS Req. 39)  This allows users to exit the dialog and return at a later time and resume use of the dialog with their previous inputs.  Preventing public access to a user’s profile requires a level of user authentication.  When a user wishes to save or retrieve a profile, the tool shall require that a username and password be provided. (SRS Req. 40)  The tool shall limit access to saved data to users entering the correct username and password. (SRS Req. 41)  This requirement does not limit data to the specific user entering the information, but to users with knowledge of the protecting username/password.  In addition, users are not limited to a single username/password, so an organization could have a “shared” account in addition to private accounts.

Much of the user interaction with the dialog will be in the form of selecting items from lists.  The tool shall allow users to select or deselect all items in a list through a single action. (SRS Req. 42)
The tool shall support the ability to load default values for data entry controls found in the interactive dialog portion of the tool. (SRS Req. 43)  The tool shall allow users to specify whether default values are provided. (SRS Req. 44)  If defaults are not provided, the user must enter all data manually.  When defaults are provided, if the user does not specify a given field, the default value for that field will be used when stepping forward to the next part of the dialog.

It is also helpful to provide information to users on how far into the dialog they have progressed.  The interactive dialog shall contain a display element that indicates the how much of the required portion of the dialog has been completed and how much remains. (SRS Req. 45)
It is the intent of the development team to provide two versions of the interactive dialog: the full dialog, and a streamlined dialog that requires less user input and is quicker to complete than the full dialog.  The tool shall have the ability to present and process a streamlined version of the interactive dialog. (SRS Req. 46)  The software requirements presented above are generic capabilities needed to support a web-based system with dynamic HTML capability interfacing with a database, they also support the implementation of the streamlined dialog.  No additional software capabilities are necessary for the streamlined dialog.

4 Requirements Traceability

The software requirements presented in this document have been related back to the functional requirements defined for the tool.  These relationships are shown in Table 1, beginning on the next page.  This table begins the requirements traceability that will be maintained by GTRI throughout the project.

Table 1:  Requirements Tracking Matrix

	Software Requirement
	Functional Requirement

	1
	The tool shall include the full text of the TMC Operator Requirements and Position Descriptions document. (SRS Req. 1)
	1
	The tool shall provide access to the full text of the TMC Operator Requirements and Position Descriptions document and the Selected TMC Position Descriptions document. (FRS Req. 1)

	2
	The tool shall include full text of the Selected TMC Position Descriptions document, as modified by the Phase 2 effort. (SRS Req. 2)
	1
	The tool shall provide access to the full text of the TMC Operator Requirements and Position Descriptions document and the Selected TMC Position Descriptions document. (FRS Req. 1)

	3
	The tool shall include introductory text describing the content, purpose, and intended audience of the tool. (SRS Req. 3)
	2
	The tool shall provide introductory text describing the content, purpose, and intended audience of the tool. (FRS Req. 2)

	4
	The tool shall include tutorial material to elaborate on various topics relevant to the tool content. (SRS Req. 4)
	3
	The tool shall provide tutorial material elaborating on various topics relevant to the tool content. (FRS Req. 3)

	5
	The tool shall include a glossary that defines all terms used in the tool materials that are deemed to be in need of definition or explanation. (SRS Req. 5)
	4
	The tool shall provide a glossary that defines all terms used in the tool materials that are deemed to be in need of definition or explanation. (FRS Req. 4)

	6
	The tool shall include a list of all acronyms used in the tool. (SRS Req. 6)
	5
	The tool shall provide a list of acronyms that defines all acronyms used in the tool materials. (FRS Req. 5)

	7
	The tool shall include help pages containing information on the mechanics of using the tool.  These pages shall be organized in such a way that supports links to specific items in the help, thus allowing a “context sensitive” help system. (SRS Req. 7)
	37
	The tool shall provide a help system to assist users in using the tool. (FRS Req. 37)

	8
	The tool shall include all standard logos, meta tags, contact information, and other such material required by DOT and FHWA. (SRS Req. 8)
	42
	The tool shall contain all of the standard logos, meta tags, contact information, and other such material required by DOT and FHWA. (FRS Req. 42)

	9
	The tool shall include information regarding common position descriptions, such as format, common wording, and typical sections. (SRS Req. 9)
	3
	The tool shall provide tutorial material elaborating on various topics relevant to the tool content. (FRS Req. 3)

	
	
	32
	The interactive dialog shall produce customized position descriptions based on the functions and tasks performed by the TMC of interest and the KSAs required to perform those functions and tasks. (FRS Req. 32)

	12
	For basic browsing capability, the tool’s information shall be available in HTML formatted pages with appropriate links between documents. (SRS Req. 12)
	1
	The tool shall provide access to the full text of the TMC Operator Requirements and Position Descriptions document and the Selected TMC Position Descriptions document. (FRS Req. 1)

	
	
	3
	The tool shall provide tutorial material elaborating on various topics relevant to the tool content. (FRS Req. 3)

	13
	In cases where complete documents are available for download to the client machine, these documents shall be in the Adobe Acrobat (PDF) format to prevent modification of the data and to maintain proper formatting. (SRS Req. 13)
	1
	The tool shall provide access to the full text of the TMC Operator Requirements and Position Descriptions document and the Selected TMC Position Descriptions document. (FRS Req. 1)

	14
	The tool shall contain information from the supporting documents organized in such a way as to support the tailoring of displays as described in the interactive dialog. (SRS Req. 14)
	14
	The interactive dialog shall allow users to select the functions that the TMC of interest performs. (FRS Req. 14)

	
	
	18
	The interactive dialog shall present the composite tasks for each selected function (in order of function priority) and allow users to select the composite tasks that the TMC of interest performs. (FRS Req. 18)

	
	
	21
	The interactive dialog shall present the discrete tasks for each selected composite task and allow users to select the discrete tasks that the TMC of interest performs. (FRS Req. 21)

	
	
	24
	The interactive dialog shall display the performance level to which each discrete task associated with a KSA is assigned and allow users to reassign discrete tasks to different performance levels. (FRS Req. 24)

	
	
	27
	The interactive dialog shall display the list of KSAs derived from the user’s selected functions and tasks. (FRS Req. 27)

	
	
	28
	The interactive dialog shall allow users to configure the content of the KSA list. (FRS Req. 28)

	
	
	29
	The interactive dialog shall allow users to display the list of discrete tasks that require each KSA. (FRS Req. 29)

	
	
	32
	The interactive dialog shall produce customized position descriptions based on the functions and tasks performed by the TMC of interest and the KSAs required to perform those functions and tasks. (FRS Req. 32)

	
	
	35
	The interactive dialog shall produce lists of testable skills that could be used to generate tests for the evaluation of job candidates or employees. (FRS Req. 35)

	
	
	36
	The interactive dialog shall produce customized training programs based on the user’s set of selected functions and tasks. (FRS Req. 36)

	15
	The tool shall allow any properly formatted HTML file to be displayed. (SRS Req. 15)
	All
	Derived based on recommended architecture

	16
	The software tool shall support basic browsing via direct links; navigation features including back and forward shall be supported where possible. (SRS Req. 16)
	8
	The interactive dialog shall preserve the current state of all user inputs during navigation forward and backward through the dialog. (FRS Req. 8)

	
	
	11
	The full dialog shall provide shortcut capabilities, so that a user can skip ahead to any point in the dialog, with defaults assumed for all steps that are omitted. (FRS Req. 11)

	
	
	39
	The tool shall provide navigation aids that will allow users to navigate quickly among the top-level tool pages, to navigate forward and back through series of pages, and to navigate up the page hierarchy from a lower level page to a higher level page. (FRS Req. 39)

	17
	The tool shall provide navigation aids that will allow users to navigate directly to other parts of the tool, to navigate through series of pages, and to change levels in the page hierarchy. (SRS Req. 17)
	39
	The tool shall provide navigation aids that will allow users to navigate quickly among the top-level tool pages, to navigate forward and back through series of pages, and to navigate up the page hierarchy from a lower level page to a higher level page. (FRS Req. 39)

	18
	The tool shall allow information to be downloaded to the client machine for permanent storage upon user request. (SRS Req. 18)
	1
	The tool shall provide access to the full text of the TMC Operator Requirements and Position Descriptions document and the Selected TMC Position Descriptions document. (FRS Req. 1)

	
	
	26
	The interactive dialog shall produce the output products in a format suitable for use outside of the tool. (FRS Req. 26)

	19
	The tool shall allow users to print any information display provided by the tool. (SRS Req. 19)
	43
	The tool shall allow printing of any information display provided to the user by the tool. (FRS Req. 43)

	20
	The tool shall provide a search utility that will allow users to enter search terms and receive search results in the form of a list of direct links to places in the tool text where the search terms were found. (SRS Req. 20)
	38
	The tool shall provide a search utility that will allow users to enter search terms and receive search results in the form of a list of direct links to places in the tool text where the search terms were found. (FRS Req. 38)

	21
	The tool shall comply with the standards for accessibility set forth in Section 1194.22 (Web-Based Intranet and Internet Information and Applications) of the Electronic and Information Technology Accessibility Standards developed by the Access Board to implement Section 508 of the Rehabilitation Act (29 U.S.C. 794d), as amended by the Workforce Investment Act of 1998. (SRS Req. 21)
	40
	The tool shall comply with the standards for accessibility set forth in the Electronic and Information Technology Accessibility Standards developed by the Access Board to implement Section 508 of the Rehabilitation Act (29 U.S.C. 794d), as amended by the Workforce Investment Act of 1998. (FRS Req. 40)

	22
	The tool shall adhere to established human factors principles of good user interface design as defined in the Usability Test Plan produced under Task 6 of this contract. (SRS Req. 22)
	41
	The tool shall adhere to established human factors principles of good user interface design. (FRS Req. 41)

	23
	The tool shall have the ability to customize an HTML page based on information obtained from a user on prior pages. (SRS Req. 23)
	18
	The interactive dialog shall present the composite tasks for each selected function (in order of function priority) and allow users to select the composite tasks that the TMC of interest performs. (FRS Req. 18)

	
	
	21
	The interactive dialog shall present the discrete tasks for each selected composite task and allow users to select the discrete tasks that the TMC of interest performs. (FRS Req. 21)

	
	
	24
	The interactive dialog shall display the performance level to which each discrete task associated with a KSA is assigned and allow users to reassign discrete tasks to different performance levels. (FRS Req. 24)

	
	
	27
	The interactive dialog shall display the list of KSAs derived from the user’s selected functions and tasks. (FRS Req. 27)

	
	
	28
	The interactive dialog shall allow users to configure the content of the KSA list. (FRS Req. 28)

	
	
	32
	The interactive dialog shall produce customized position descriptions based on the functions and tasks performed by the TMC of interest and the KSAs required to perform those functions and tasks. (FRS Req. 32)

	
	
	34
	The interactive dialog shall allow the customization of the structure and content of the position description being developed. (FRS Req. 34)

	
	
	35
	The interactive dialog shall produce lists of testable skills that could be used to generate tests for the evaluation of job candidates or employees. (FRS Req. 35)

	
	
	36
	The interactive dialog shall produce customized training programs based on the user’s set of selected functions and tasks. (FRS Req. 36)

	24
	The tool shall allow users to select any number of items from a list of possible options. (SRS Req. 24)
	14
	The interactive dialog shall allow users to select the functions that the TMC of interest performs. (FRS Req. 14)

	
	
	18
	The interactive dialog shall present the composite tasks for each selected function (in order of function priority) and allow users to select the composite tasks that the TMC of interest performs. (FRS Req. 18)

	
	
	21
	The interactive dialog shall present the discrete tasks for each selected composite task and allow users to select the discrete tasks that the TMC of interest performs. (FRS Req. 21)

	
	
	33
	The interactive dialog shall allow the selection of KSAs that should be included in the output products being developed. (FRS Req. 33)

	25
	The tool shall allow users to enter new data that will then be utilized in subsequent processing for the user. (SRS Req. 25)
	15
	The interactive dialog shall allow users to define new functions. (FRS Req. 15)

	
	
	19
	The interactive dialog shall allow users to define new composite tasks. (FRS Req. 19)

	
	
	22
	The interactive dialog shall allow users to define new discrete tasks. (FRS Req. 22)

	
	
	30
	The interactive dialog shall allow users to provide values for variables in KSAs. (FRS Req. 30)

	
	
	34
	The interactive dialog shall allow the customization of the structure and content of the position description being developed. (FRS Req. 34)

	
	
	44
	The interactive dialog shall allow users to define new KSAs. (FRS Req. 44)

	26
	The tool shall permanently store new user-provided information. (SRS Req. 26)
	6
	The interactive dialog shall allow users to save all of their inputs for later use. (FRS Req. 6)

	
	
	7
	The interactive dialog shall allow users to retrieve previously saved inputs. (FRS Req. 7)

	27
	The tool shall allow users to edit previously entered data. (SRS Req. 27)
	25
	The interactive dialog shall allow users to edit their previous user-defined functions, tasks, and KSAs. (FRS Req. 25)

	28
	The tool shall allow users to characterize TMC functions, composite tasks, and discrete tasks as either “Current” or “Future.” (SRS Req. 28)
	16
	The interactive dialog shall allow users to characterize their selected functions as current functionality in the TMC of interest, or potential future functionality in the TMC of interest. (FRS Req. 16)

	
	
	20
	The interactive dialog shall allow users to characterize their selected composite tasks as current functionality in the TMC of interest, or potential future functionality in the TMC of interest. (FRS Req. 20)

	
	
	23
	The interactive dialog shall allow users to characterize their selected discrete tasks as current functionality in the TMC of interest, or potential future functionality in the TMC of interest. (FRS Req. 23)

	29
	The tool shall allow users to characterize discrete tasks according to their performance level. (SRS Req. 29)
	24
	The interactive dialog shall display the performance level to which each discrete task associated with a KSA is assigned and allow users to reassign discrete tasks to different performance levels. (FRS Req. 24)

	30
	The tool shall allow users to specify a desired order of items on a list. (SRS Req. 30)
	17
	The interactive dialog shall allow users to prioritize their selected functions. (FRS Req. 17)

	
	
	34
	The interactive dialog shall allow the customization of the structure and content of the position description being developed. (FRS Req. 34)

	31
	The tool shall generate a list of KSAs derived from the user’s selected functions and tasks. (SRS Req. 31)
	27
	The interactive dialog shall display the list of KSAs derived from the user’s selected functions and tasks. (FRS Req. 27)

	33
	The tool shall generate position descriptions based on the required KSAs identified for the position. (SRS Req. 33)
	32
	The interactive dialog shall produce customized position descriptions based on the functions and tasks performed by the TMC of interest and the KSAs required to perform those functions and tasks. (FRS Req. 32)

	34
	The tool shall generate lists of testable skills. (SRS Req. 34)
	35
	The interactive dialog shall produce lists of testable skills that could be used to generate tests for the evaluation of job candidates or employees. (FRS Req. 35)

	35
	The tool shall generate training programs based on the Traffic Management Operations Technician Training Program included in TMC Operator Requirements and Position Descriptions. (SRS Req. 35)
	36
	The interactive dialog shall produce customized training programs based on the user’s set of selected functions and tasks. (FRS Req. 36)

	36
	Outputs shall be displayed on the client machine. (SRS Req. 36)
	27
	The interactive dialog shall display the list of KSAs derived from the user’s selected functions and tasks. (FRS Req. 27)

	
	
	29
	The interactive dialog shall allow users to display the list of discrete tasks that require each KSA. (FRS Req. 29)

	
	
	32
	The interactive dialog shall produce customized position descriptions based on the functions and tasks performed by the TMC of interest and the KSAs required to perform those functions and tasks. (FRS Req. 32)

	
	
	35
	The interactive dialog shall produce lists of testable skills that could be used to generate tests for the evaluation of job candidates or employees. (FRS Req. 35)

	
	
	36
	The interactive dialog shall produce customized training programs based on the user’s set of selected functions and tasks. (FRS Req. 36)

	37
	The tool shall provide a way to save the outputs to a format suitable for use outside of the tool. (SRS Req. 37) 
	26
	The interactive dialog shall produce the output products in a format suitable for use outside of the tool. (FRS Req. 26)

	38
	The tool shall preserve all user inputs during navigation through the interactive dialog. (SRS Req. 38)
	8
	The interactive dialog shall preserve the current state of all user inputs during navigation among the various screens of the dialog. (FRS Req. 8)

	39
	The tool shall provide users the ability to save their current profile (either overwriting an existing profile or generating a new one) and retrieve saved profiles. (SRS Req. 39)
	6
	The interactive dialog shall allow users to save all of their inputs for later use. (FRS Req. 6)

	
	
	7
	The interactive dialog shall allow users to retrieve previously saved inputs. (FRS Req. 7)

	40
	When a user wishes to save or retrieve a profile, the tool shall require that a username and password be provided. (SRS Req. 40)
	7
	The interactive dialog shall allow users to retrieve previously saved inputs. (FRS Req. 7)

	41
	The tool shall limit access to saved data to users entering the correct username and password. (SRS Req. 41)
	7
	The interactive dialog shall allow users to retrieve previously saved inputs. (FRS Req. 7)

	42
	The tool shall allow users to select or deselect all items in a list through a single action. (SRS Req. 42)
	9
	The interactive dialog shall provide a way to quickly select or deselect all items in lists. (FRS Req. 9)

	43
	The tool shall support the ability to load default values for data entry controls found in the interactive dialog portion of the tool. (SRS Req. 43)
	10
	The interactive dialog shall provide default values for user inputs where possible. (FRS Req. 10)

	
	
	11
	The full dialog shall provide shortcut capabilities, so that a user can skip ahead to any point in the dialog, with defaults assumed for all steps that are omitted. (FRS Req. 11)

	44
	The tool shall allow users to specify whether default values are provided. (SRS Req. 44)
	10
	The interactive dialog shall provide default values for user inputs where possible. (FRS Req. 10)

	45
	The interactive dialog shall contain a display element that indicates the how much of the required portion of the dialog has been completed and how much remains. (SRS Req. 45)
	12
	The interactive dialog shall provide a display element that indicates how much of the required portion of the dialog has been completed and how much remains. (FRS Req. 12)

	46
	The tool shall have the ability to present and process a streamlined version of the interactive dialog. (SRS Req. 46)
	13
	The tool shall provide a streamlined dialog as an alternative to the full interactive dialog. (FRS Req. 13)
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