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SECTION 1. Executive Summary

Ten requirements management tools were evaluated.  Four were selected for more detailed evaluation (RTM Workshop, Caliber RM, Requisite Pro, and DOORS).  The analysis considered the materials that have been provided by our potential customer (including the Draft Request for Proposals (DRFP), the Operational Requirements Definition (ORD), and Statement of Objectives (SOO)); the evaluation factors that were provided for Trade-Off Studies; and the comment in the SOO Compliance Matrix: “Currently the Program is using the Rational Tool Suite for requirements traceability and preliminary requirements documentation.  The Contractors shall develop the system requirements specification to be compatible with the Rational Tool Suite.”

A list of needed characteristics and features of the selected tool was developed, based on a review of users needs and experiences with requirements tools, consideration of objective evaluations of requirements tools by The Standish Group and other sources, and literature provided by tool vendors.  A set of decision factors was developed to guide the selection of the best tool for the Program.

The trade study analysis concludes that DOORS is the “best-of-breed” and the best choice for the Program.  Among the key factors in this selection are the following:


-DOORS is compatible with the Rational Tool Suite.


-DOORS rates high in the evaluation factors for the trade-off studies.  Particularly noteworthy is an industry-strength Web interface that has been used effectively by our own projects.  Moreover, our Team has favorable experience with this product, and we have several requirements engineers who are familiar with it.  DOORS has good scalability and good interfaces to other automated tools, including MS Project and Rational Rose for design modeling.


-DOORS has all of the needed characteristics and features.  Of special value to our customers is an integrated change proposal system that allows users to review and comment on requirements, and emailing affected project participants about requirements changes..  Also, DOORS provides a heterogeneous client/server implementation for a mixed UNIX and Windows environment.  Connectivity (import and export) is superior to other tools.


-DOORS is a database-centric tool (and not a document-centered tool).

SECTION 2. SCOPE

2.1 Introduction

This document provides an evaluation and recommendations concerning requirements tools for use on the development program. The process used for this trade study is tailored from the Analyze Candidate Solution process required by Corporate policy O208-01. This document provides a recommendation to the Team regarding the product that is the best choice for requirements management on the Program.

2.2 System Overview

The mission of the program is to develop and integrate a unified personnel records and payroll system for use by all active U.S. Department of Defense active duty, reserve, and National Guard services to include the following human resources (HR) components:


Quality of Life - family support, community support, and social action programs,


Pay and Personnel Records - pay processing, administrative support, managing personnel information, physical readiness data, and unit readiness data,


Personnel Transition - discharge personnel, retire personnel, and transfer personnel,


Manpower - project resource requirements, skill evaluation, nad personnel assignments,


Access to personnel records,


Personnel training

This single system will eventually replace 81 legacy systems now used by the military services to reduce system costs.  It will also use a web-based portal access to interface with the 3.1 million (with a 30% surge

 in times of conflict) service personnel user community to reduce administrative, operator, and user workloads.  

The contract contains two phases.  Phase I is the Risk Reduction and System Requirements Specification Definitization phase.  During this phase the contractor will develop a risk analysis and mitigation approach for their proposed design and implementation.  They will develop a System Requirements Specification that certifies use of the PeopleSoft™ Human Resources Management System (HRMS) to satisfy the requirements for a single integrated personnel and pay system.  The contractor will also develop a Commercial-off-the-Shelf (COTS) implementation approach that facilitates service-level business process reengineering, customer buy-in, and early training.  

During Phase II, the contractor will complete full development, implementation, deployment and maintenance of the Functionality for Integrated Personnel and Pay (Pers/Pay).  They will also provide training and training material; technical documentation; testing support; database engine services sufficient to meet Pers/Pay DoD requirements; and logistic analysis including maintainability and supportability.
2.3 Document Overview

This document includes details of the trade study analysis and is divided into five main sections.

· Section 1, Executive Summary, presents a summary of the results of the trade study.

· Section 2, Scope, identifies the system and the purpose of the document.

· Section 3, Referenced Documents, lists the documents referenced in the study.

· Section 4, The Analysis Process, provides an introduction and outline to how the trade study process was completed.

· Section 5, Trade Study, provides a summary of the study, outcomes, and reasoning behind the evaluations made during the study.

· Appendix A contains an alphabetical listing of acronyms used in this document.

SECTION 3. rEFERENCED DOCUMENTS

The following documents were used as references in the requirements management tools trade study:

· Draft RFP.

· Operational Requirements Document (ORD).

· Draft Statement of Objectives (SOO).

· Industry Day Briefing.

· Trade Off Studies, Discussion of Evaluation Factors

· Corporate Policy O208-01, June 10, 1999.

· Corporate Change Management (TCM) Process Document – “The Candidate Solution Analysis Process”, April 1, 1997.
· Corporate Procedure LV E2-E803, Tools Selection, 26 December 2001.

· “What Are Your Requirements? 2000,” A Standish Group Research Note, 2000.
· “Requirements Engineering Tools,” The Atlantic Systems Guild, Inc.  Available at http://www.atlsysguild.com/GuildSite/Robs/retools.html
· “Requirements Engineering and Management,” Cutter Consortium.  Available at http://www.cutter.com/itgroup/reports/require.html
· Effective Requirements Practices, by Ralph R. Young.  Addison Wesley, 2001.
· “Automating Requirements Management,” by Karl Wiegers.  Software Development, Vol. 7 No. 7, July 1999.
· Requirements Management Tools Survey, International Council on Systems Engineering (INCOSE).  Available at http://www.incose.org/tools/tooltax.html
SECTION 4. The analysis process 

The objective of the Trade Study Analysis process is to provide an objective comparison of leading COTS products with respect to their ability to meet requirements.  There are six steps used by the Corporate defined process.   They are:

1. Analyze Requirements

2. Determine Evaluation Criteria

3. Identify Candidate Solutions

4. Evaluate Candidate Solutions 

5. Select Best Choice 

6. Document Trade Study

 Section 5 provides the results of this study.

4.1 Analyze Requirements

This step required identification of requirements for implementation and use of requirements management tools to be used to manage the system development effort. In this step, the analysis team used the original system level requirements documented in the referenced documents. They derived other requirements based upon review of the industry literature and discussion with project managers, requirements analysts, and requirements engineers.  The Business Unit utilizes a Requirements Working Group (RWG) comprised of requirements engineers from 18 projects to share information and expertise concerning requirements-related activities.  This mechanism provided a rich source of practical information concerning a variety of requirements management tools. 

4.2 Determine Evaluation Criteria

Several evaluation factors were provided for Trade-Off Studies.  The evaluation factors that cross all trade studies are:
· Low Risk

· Scalability

· Available product but not near end-of-life

· Supported by vendor

· Reference installations

· Benchmarks available

· DII COE compatible

· Cost

· Team experience with product

In addition, other evaluation factors were provided for requirements management tools:

· Web interface

· Requirements Management to any level WBS

· Change Management of requirements and ECPs 

4.3 Identify Candidate Solutions

In this step, we performed a search of available COTS requirements management tools. Because we put special emphasis on the requirements process and supporting practices, methods, and tools, it was straight-forward to provide a comprehensive list.

We used materials and information acquired from major tool vendors and advice and experience from projects currently using the tools to identify a preliminary list of manufacturers and products for consideration.

The four most dynamic players in the information systems marketplace were selected to evaluate in depth: Requirements Traceability and Management (RTM) Workshop from Integrated Chipware, Caliber-RM from Technology Builders, Inc., Requisite Pro from Rational Software Corporation, and DOORS from Telelogic, Inc.  In addition, the development team might want to use CORE from Vitech Corporation to support concurrent systems engineering activities including a behavioral model that describes the interactions and process sequences.  

The following table lists other products that we gave consideration to, and a description of why they were not considered further. 

	PRODUCT
	REASON

	C.A.R.E.  2.0 from SOPHIST Group, Nuremberg, Germany http://www.sophist.de 
	High risk because C.A.R.E. is not a significant player in the requirements management tool market and vendor support is not available locally.

	RDD ISEE from Holagent Corporation, Gilroy, CA http://www.holagent.com 
	Users of the product advise that it is too huge to be understandable and usable.

	SLATE from TD Technologies, Richardson, TX http://www.tdtech.com 
	SLATE is considered by some users to be user unfriendly and difficult to learn. 

	SynergyRM from CMD Corporation, Dallas, TX http://www.cmdcorp.com 
	High risk because SynergyRM is not a significant player in the requirements management tool market.

	Vital Link from Compliance Automation, Inc., Boerne, TX http://www.complianceautomation.com 
	High risk because Vital Link is not a significant player in the requirements management tool market.

	Xtie-RT Requirements Tracer from Teledyne Brown Engineering, Los Angeles, CA http://www.tbe.com 
	High risk because Xtie-RT is not a significant player in the requirements management tool market.




Table 4.1 Dropped Product Reasons

4.4 Evaluate Candidate Solutions

This step required the evaluation of each candidate against the list of criteria.  In doing so, we determined the product that most closely fits the needs and requirements of the Program, rates highest on the Trade-Off Studies Evaluation Factors, and provides the needed characteristics and features for an automated requirements tool.

4.5 Select Best Choice

We selected the product where attributes most closely matched the requirements. In determining this, we considered the scoring outcomes, price and general impression of each product. 

4.6 Document Trade Study

We documented the trade study and supporting rationale.  This step provided details of the evaluation criteria, described the candidate products, and explained the decision factors.

SECTION 5. Trade Study

This section provides the analysis concerning the four requirements management solutions selected for final consideration.  It includes a list of characteristics and features, vendor/product overviews, decision factors, and a product recommendation.

5.1 List of Characteristics and Features

There are several characteristics and features of a requirements management (RM) solution that are required to perform essential requirements-related activities.  These include:

-Windows look and feel.

-Offers a client-server mode of operation for greater network performance.

-Provides a Web interface for database query, discussions, and updating requirements attributes and to share requirements information with geographically separated team members.

-Collaborative development via group discussions.

-Communication with stakeholders electronically and automatic email messages to notify affected individuals when a new discussion entry is made or a requirement is changed.

-Repository of requirements information for use by a multi-user development team.  Ability to sort, filter, and query the database to view subsets of requirements that have specific attribute values.

-Requirements change management (change approval) and version control.

-Ability to have an unlimited number of user-defined attributes for each requirement, e.g., source, rationale for the requirement (why is it needed?), history, priority, status (e.g., not yet approved, approved, rejected, implemented, implemented and verified), cost, difficulty, risk, stability, assigned to, unique id, location, author, allocation to system component, revision, date, reason, traced from, traced to, root tag number, verification information, acceptance test, release number, etc. to facilitate essential and automatic information gathering and effective management of requirements.

-System-defined attributes such as date created and version number.

-Version histories of requirements at the requirements level (to eliminate the need for publishing and distributing documents that can become immediately obsolete).  This implies superiority of a “database centric” RM tool vice a “document centric” tool.

-Effective communication throughout the development team.

-Strategic partnerships with needed complementary solution providers, for example, for configuration management (CM), estimating, project planning and tracking, problem tracking, design tools, and testing.

-Generation of customized reports.

-Import and export requirements.

-Define links between requirements, allowing suspect requirements to be identified that could be affected if a linked requirements is changed or deleted..

-Control access by setting permissions for individuals and groups of users.

-Ability to incorporate non-textual objects such as Microsoft (MS) Excel worksheets and images into the requirements.

-Includes learning aids, such as a tutorial or sample products.

It is essential to utilize the requirements automated tool solution in support of a defined, documented, and familiar (to the development team) requirements process.
  For example, the Corporate Requirements Process described in Effective Requirements Practices (ERP) was designed by the RWG noted above and has been deployed on over 50 projects since 1997.  It has evolved and been continuously improved and is supported by the proven practices described in ERP. 

5.2 Vendor/Product Overviews

RTM Workshop

Caliber RM

ReqPro

DOORS
5.3
Decision Factors

During the analysis, several important decision factors arose concerning the four products: 

RTM Workshop

-The oldest requirements tool on the market.

-Built on ORACLE, and requires knowledge of ORACLE to administer it.

-An elegant product that can support the requirements management needs of very large projects.

-Users report difficulties in utilizing this effectively.

-The human-machine interface is considered poor by local users.

-Limited configuration management capabilities.

Caliber RM:

-Newest of the highly ranked tools (six years old).

-There exists a risk that the CaliberRM Product could be niched out of the market or acquired by a competitor.

-Does not support incorporating non-textual objects into the database.

-Does not support requirements baselines.

-Does not provide a built-in change proposal system.

-Limited import and export capability.

-Integration with other tools is more limited.

Requisite Pro (ReqPro):

-A document-based system.

-In the experience of many users, the Rational Tool Suite is overly complex, requires extensive and expensive training, and has rarely been implemented effectively.

-There exists a risk that the development team will not be able to utilize the automated capabilities effectively.

-Does not support importing requirements from Word tables into the requirements database.

-Does not support incorporating non-textual objects into the database.

-Does not support requirements baselines.

-Does not email affected project participants about requirements changes.

-Does not provide a built-in change proposal system.

-Formal training is not essential to use ReqPro, according to some users.

DOORS

-Is the leading requirements management tool on the market with more users in more organizations than any other requirements management tool in the world.

-Compatible with the Rational Tool Suite.

-Provides a C-like scripting language for customizing or developing extensions to the basic product.

-Provides direct interfaces to MS Project, Select Software’s COOL:Teamwork, and Rational Rose for design modeling.  An open API allows interfaces to many other tools.  The link to MS Word consists primarily of an import capability.  DOORS supports many import and export file formats.

-An integrated change proposal system lets users review and comment on a project or a requirements module.

-Provides a heterogeneous client/server implementation for a mixed UNIX and Windows environment.

-Connectivity (import and export) is superior to other tools.

-Formal training is required to make effective use of DOORS.

-Local support (Reston, VA) has proven excellent for several Corporate users.  There is an active DOORS Users Group; Telelogic has been responsive to identified needs.

-Provides templates for documentation standards including DoD 498, DoD 490A, DoD 2167A, and ISO 12207.

-DOORS has proven scalability
 to very large projects with over 100,000 requirements with associated links.

-Allows quick search and filter of large numbers of requirements on an average PC (200MHz Pentium, 64Mb RAM).

Appendix A.  ACRONYMS AND ABBREVIATIONS

The following are the acronyms and abbreviations used in this document.

API
Application Programmable Interface

COTS
Commercial Off The Shelf 
DOORS
Dynamic Object-Oriented Requirements System 
DRFP
Draft Request for Proposal
ORD
Operational Requirements Definition

RM
Requirements Management

RFP
Request for Proposals

RTM
Requirements Traceability and Management

SOO 
Statement of Objectives
SOW
Statement of Work

































� Limitations of a document-based approach include: it’s difficult to keep current; it’s hard to communicate changes to the team members; it’s difficult to store supplementary information about each requirement; and it’s hard to define links between functional requirements and corresponding use cases, designs, code, tests, and project tasks.


� “If an organization has no requirements process, then a tool will not help.”  The Standish Group, Research Note, 2000, page 12.


� Scalability requires 1) that large amounts of data can be held in the database and 2) that the user interface is designed to help the user navigate and manage large amounts of data.
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