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Process Purpose
The purpose of the Requirements (RE) Process is to identify, analyze, specify, define, prioritize, derive partition, allocate, track, manage, verify, and validate system requirements and changes to system requirements in order to meet Customer Valid Requirements (CVRs). Understanding the customer needs; clarifying and restating requirements; and identifying inconsistencies between requirements and the project's plans and work the project's plans and work products are critical components of this process.

The CVRs of the project RE Process are to provide an effective system, within budget, on-time delivery, through a win-win partnership between PRC and its customer throughout the system life cycle.

A requirement is defined as a necessary attribute in a system; a statement that identifies a capability, characteristic, or quality factor of a system in order for it to have value and utility to a user. Characteristics of good requirements are:

· Necessary 

· Consistent 

· Concise 

· Traceable 

· Allocated 

· Complete 

· Implementation Free 

· Stated as an imperative using "shall" 

· Verifiable 

· Attainable 

· Unambiguous 

· Has a unique identifier 

The Requirements Process is designed for all DES projects, regardless of size. This Process Description provides information concerning the Requirements Process at the macro level. There are also three sub-processes for which individual process descriptions are written, as follows:

· RE100 - Assess New/Changed Requirements and Control Changes 

· RE200 - Understand Customer Needs and Expectations 

· RE300 - Derive and Allocate Requirements 

In addition to being compatible with projects of all sizes, the DES Requirements Process is compatible with management principles of: 1) careful attention to defining and prioritizing system requirements; 2) managing through the Configuration Control Board (CCB) and 3) Management by Fact through joint Customer/Project teams.

DES is sensitive to industry experience concerning systems development which is that customers and contractors have failed to achieve a good definition, communication, and prioritization of system or project requirements. DES advocates a partnership relationship between our customers and the project throughout the system life cycle in which both parties accept joint responsibility for the success of the project. This means that as problems and changes in requirements develop during the system development process, they are resolved and accommodated in a win-win process. The commitment is to the success of the project, and to avoid finger pointing which has jeopardized the success of many projects. DES recommends the use of proven methods such as requirements workshops to achieve definition, communications, and prioritization of requirements. Industry experience indicates that 8 to 14% of total program cost should be allocated to the system life-cycle requirements process. Dialogue should be encouraged concerning what is needed, why it is needed, how it should be used, and what problems exist with the current system, not a specified implementation, so that engineers gain a robust understanding of the customer requirements.

The quantity of high-level system requirements for a large system should be on the order of 50 to 200, not in the thousands. Not all requirements are equal; a specific prioritization of requirements is needed in order to assign a relative level of effort for project planning. By documenting the rationale for why the requirement is needed, up to half of the stated requirements can be eliminated. Also this facilitates later changes to requirements, so that they are based on an informed decision rather than lack of knowledge. Product requirements are derived from and trace to customer requirements.

Elements that could be generated during the requirements process include the data view and data flow. Critical to an effective requirements process is getting to the "essential thinking:" the basic, indispensable, and necessary decisions concerning the requirements and architecture of the planned system.

It is recommended that engineers should record reasons why and why not decisions are made. We have tended to document why we have made decisions; we have often neglected to document why we have not selected options.

In establishing a successful partnership relationship between the project and the customer, it will be helpful to discuss and clarify the following customer/user responsibilities:

· Know what is needed 

· Know why it is needed 

· Provide information to engineers to assist in communicating all needs 

· Document assumptions made in stating requirements 

· Prioritize requirements 

· Be reasonable 

· Be timely 

Contractor responsibilities in this partnership include:

· Requirements writers must elicit information concerning what customers know. 

· Listen to the customer/user 

· Take the extra effort to understand the customer’s environment 

· Ask questions, don’t make assumptions 

· Understand customer constraints 

· Perform trade studies to refine requirements 

Projects should be managed through the CCB mechanism where the CCB consists of members who are responsible for specific engineering or development disciplines and accept responsibility for performance of at least the following processes:

· RD - Requirements Development 

· REQM - Requirements Management 

· PP - Project Planning 

· PMO - Project Monitoring and Control 

· CM - Configuration Management 

· PPQA - Process and Product Quality Assurance 

· TS - Technical Solution

· VER - Verification 

· VAL - Validation 

The CCB mechanism provides a way to maintain effective communication and intergroup coordination throughout the system life cycle. Decisions are made with the participation of all engineering and development groups.

DES also manages projects by forming joint teams with the customer to address all issues and arrive at jointly acceptable solutions. These teams may be Quality Improvement (QI) teams charged with defining a problem and developing recommended solutions, or they may be tasked to define and prioritize requirements or related issues.

Standards and References
The applicable standard for this process is:

· EIA Interim Standard, EIA 632, Systems Engineering Electronic Industries Association. 

In addition to the above standard, other references are incorporated in this process as follows:

· CMMI for Systems Engineering and Software Engineering, (CMMI-SE/SW, v1.1), December 2001. 

· A System Engineering Capability Maturity Model, Version 1.1, November 1995, Software Engineering Institute, Carnegie Mellon University (SE-CMM). 

· Capability Maturity Model for Software, Version 1.1 February 1993, Software Engineering Institute, Carnegie Mellon University (SW-CMM). 

Related Processes
DES employs the System Engineering Process (SEP) consisting of requirements analysis, functional analysis/allocation, synthesis, and systems analysis and control progressively throughout the systems life cycle for all programs. The SEP uses customer needs, stated requirements, technology base information, prior output data, and tailored standards and specifications as inputs to create an overall balanced system solution output. The SEP provides three overall feedback loops iteratively until the final system solution is obtained. The three feedback loops are:

1. The Requirements Loop that iterates between the Requirements Analysis processes and the functional analysis/allocation processes until the lowest practical levels of system functions, performance requirements, and design constraints are achieved. 

2. The Design Loop that iterates between the functional analysis/allocation processes and the synthesis processes until the best product concept and system architecture that satisfies the system functions and performance requirements are achieved. 

3. The Verification Loop that iterates among the requirements analysis, functional analysis/allocation, and synthesis processes to show that all requirements are satisfied by the system. Verification is the process of checking designs, code, test plans, and final products against requirements. 

Systems Analysis and Control measures progress, evaluates alternatives, selects preferred alternatives, and documents data and decisions used and generated for all three loops.

A top-level diagrammatic view of the SEP is as follows:




This RE000 macro process directly addresses the PRC Requirements Loop processes through the three lower level processes as follows:

Ensuring consistency between project work and requirements. The RE Macro (RE000) flow chart provides a process step, "Conduct Reviews." The project’s plans, activities, and work products shall be reviewed for consistency with the requirements and the changes made to them. Inconsistencies shall be documented, including the source, condition, and rationale. Changes that need to be made to project plans and work products will be identified, and corrective actions initiated.
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CUSTOMER DESCRIPTION
The customers of this process are:

1. DES external customers 

· DES Clients 

· Independent Verification and Validation organizations (Validation is the process of checking the results of each step of the system life cycle to see if it has the correct relationship to the results from the previous stage.) 

2. DES internal customers 

· Project and Engineering Groups Management 

· System Developers 

· System Testers 

· Project Quality Assurance 

Customer Requirements
External DES customer requirements are largely determined by contract provision. Contract provisions typically require requirement change control, bi-directional requirement traceability, and customer interface to the requirements database or requirements traceability matrix. Requirement change control is concerned with how changes to the requirements baseline are handled. Requirement traceability is concerned with how requirements relate to each other (vertical traceability through the requirements loop), how requirements relate to the system design (horizontal traceability through the design loop), and how requirements relate to testing (horizontal traceability through the verification loop). Customer interface to the requirements is usually on-line access to the requirements database and/or periodic delivery on magnetic media or hardcopy. Specific report formats may be specified for delivery to the client. The use of hard copies is discouraged because they are out-dated as soon as they are printed, due to the dynamic nature of the data.

Internal customer requirements also require requirement change control, bi-directional requirements traceability, and customer interface to the requirements database or requirements traceability matrix. The main difference is that internal user demands are usually more unpredictable and require more flexible tools and processes than the demands of external customers.

INTERFACE DESCRIPTION
Entrance Criteria
Entrance criteria for the Requirements Process are the existence of a business opportunity and an understanding, at some level, of customer requirements. The requirements process can and should be started as early as possible, prior to award of contract.

Inputs
Inputs to the Requirements Process depend on the market and the buyers of the type of services DES offers and can range over a broad spectrum. At one end of the spectrum is the formal, DoD-style requirements specification from a single sophisticated customer who is able to definitively specify the product to be acquired and is willing to pay for development. On the other end of the spectrum is an incremental evolutionary approach to requirements for a market driven product where the developer bears the burden for development costs. Most projects, however, fall somewhere between these extremes and the input should be determined on a project-by-project basis. Inputs to the Requirements Process may consist of, but are not limited to:

· Available project information, descriptions, and requirements 

· RFP/RFIs etc. 

· SOWs 

· Mission statements 

· Market surveys 

· Requirements documents 

Outputs
The outputs from the Requirements Process are:

· Initial Operational Concept Definition (OCD), which is a description of what the operational system will do (not how it will do it) containing top level functional, operational, and performance requirements and sufficient top level block diagrams to show the functional flow and major external interfaces. "Initial" means the understanding developed from our first contacts (and communications/documentation) from the customer. 

· System Level requirements, which are descriptions of desired capabilities, constraints and other details that pertain to the product’s functional, performance, and physical characteristics. 

· Functional Description, which is a description of tasks, actions, and activities that a system or system component must be able to perform. 

· Requirements Traceability Matrix (RTM), which is a tool (usually automated) that contains all stated and derived requirements and provides bi-directional links among requirements (e.g. from stated requirements to derived requirements), from requirements to design elements (e.g. to software and hardware configuration items), from requirements to test items (e.g. to test plans, test cases, and test procedures). 

· Minutes of meetings with customers where requirements are defined, allocated, or derived. 

· Metrics needed for project tracking and control (e.g. monthly quantities of total, added, changed, and deleted for source and derived requirements). 

Exit Criteria
The exit criterion for the RE000 Requirements Process Macro is the end of the project.

PROCEDURAL DESCRIPTION
Responsibilities
RE000 is a macro level process with no tasks. Tasks are contained in the lower level processes of:

· RE100 - Initial Assessment and Change Control 

· RE200 - Understand Customer Needs and Expectation 

· RE300 - Derive and Allocate Requirements 

At this macro level, responsibilities are assigned to a Joint Customer/Project Management and Technical Requirements Team. Lower level assignments are made on a project-by-project basis.

Tools
Tools to be considered in the Requirements Process are:

· An automated requirements management tool is used for handling the mechanical aspects of the Requirements Processes. The tool, which is selected early in the RE process, facilitates creating the RTM; handling change control; and linking requirements to other requirements, design elements, and verification activities. In addition an automated tool facilitates collection of process metrics data used for verification and to assess the requirements volatility for the project. 

· Analytical tools are used for performing the decision-oriented aspects of the Requirements Process. A unique and critical characteristic of the desired Requirements Process is the creation of a win-win partnership relation between the project and its customer, characterized by extensive communications; close and continuous coordination; and use of methods and tools to gain an increasingly robust understanding of customer needs and expectations throughout the systems life cycle. 

· Office automation tools such as a spreadsheet and word processor are useful for performing day-to-day operations in the requirements process such as maintaining data in the automated requirements management tool, and creating reports. 

Resources
Resources necessary to enact the process are specific to each project.

MEASUREMENT DESCRIPTION
Quality Indicators
Quality Indicators for RE are discussed in more detail in the lower level RE processes where the specific indicators exist. This section addresses some concepts, applicable to Quality Indicators for Requirements Management in general. Quality Indicators are the measures used to determine the quality of the product or services provided to the customers and are "after the fact" in that they evaluate the end item, not the process itself. Quality Indicators to be considered are:

· Customer Valid Requirements Quality Indicators 

· Requirements Change Control Quality Indicators 

· Requirement Traceability Quality Indicators 

· Customer Interface Quality Indicators 

Customer Valid Requirements Quality Indicators
Customer Valid Requirements consist of:

· An effective system 

· Completed within budget 

· Delivered on-time 

The quality indicators for these broad statements can only be partially determined through the requirements process. Measures to consider taking that are indicative of meeting customer valid requirements are:

· A measure of actual vs. planned requirements allocated/derived is an indicator of the requirements process progress. 

· A measure of actual vs. planned staffing is an indicator of the requirements process effort expended. 

· A measure of actual vs. planned costs is an indicator of the requirements process ability to meet budget constraints. 

· A measure of number of requirements changed, number changed by requirement type, and number of waivers requested and approved is an indicator of requirements stability. 

A measure of requirements audit results is an indicator of the discipline with which the requirements process is performed.

Requirements Change Control Quality Indicators
Quality Indicators for change control are concerned with the accuracy of the requirements database after being updated. Whenever a requirement is changed the database is analyzed for the ripple effect that change has on the previous requirement’s and the new requirement’s relationship to other requirements, system design, and testing. Each change is analyzed to determine the impact of old relationships that may need to be deleted and of new relationships that may need to be added. Standard reports can be developed to compare the database both before and after the requirement change is made. Then quantitative measures taken to determine both the ability of the change process to make the intended changes according to the change analysis performed and the ability of the change process to make the changes intended according to the source change document.

Requirement Traceability Quality Indicators
Requirements traceability provides the Quality Indicators for measuring the Requirements Management product or service provided to customers. Requirements Traceability is directly related to the System Engineering Process and its three loops described above.

Requirement to Requirement (Vertical) Traceability is concerned with the linkage from top-level requirements to the lowest level decomposed requirement (Requirements Loop). Reports can be designed that provide both top down and bottom up linkage that shows how the requirements are linked. Quantitative measures can be taken to show the accuracy with which the links are applied, and to quantify requirements with no parent or child.

Requirement to Design (Horizontal) Traceability is concerned with the linkage between requirements (all levels of decomposition) and the design elements of the system (Design Loop). Reports can be designed that provide linkages in both directions. Quantitative measures can be taken to show the accuracy with which the links are applied.

Requirement to Testing (Horizontal) Traceability is concerned with the linkage between requirements (all levels of decomposition) and the tests that verify that the system meets them (Verification Loop). Reports can be designed that provide linkages in both directions. Quantitative measures can be taken to show the accuracy with which the links are applied.

Customer Interface Quality Indicators
Customer Interface Quality Indicators are concerned with the ease and timeliness with which customers are able to access the requirements data. Quantitative measures can be taken that show schedule variances for requirement related deliverables, surveys of internal customers eliciting feedback on the ease of requirements data access, and training records can be maintained on the number of people trained on requirements processes.

Contract Type
In tailoring RE metrics for a project, it is important to consider the type of contract that the project falls within. A firm fixed price (FFP) contract requires the contractor to deliver a product within a specified date for a pre-determined cost with a high potential risk for the contractor. A time and materials (T&M) type contract, which is typically more service oriented, requires the contractor to deliver the hours and services requested by the customer. The T&M environment typically carries less risk for contractor than the FFP. Your goal in determining the appropriate RE metrics for the project should be to develop metrics that are in consonance with your business goals. Using the example of an FFP type contract, you need a very high degree of requirements stability. Deviations or changes in the requirements can significantly impact schedule and resource estimations and can increase the risk on the project. Therefore, indicators that measure the stability of the requirements are helpful and can serve as an early warning to the project manager that the project goals and commitments may be jeopardy. On the other hand, for a T&M (service-oriented) contract, you may not require as high of a degree of requirements stability. Often with service-oriented contracts, the work is characterized by frequent customer-driven changes. The contractor, who may only be contractually obligated to deliver hours in response to customer tasking, must be flexible to accommodate the change in requirements. Customer satisfaction hinges on the ability of the contractor to respond to the changes by identifying their impact to the schedule, resource estimations and to the priority of taskings, and to then communicate the results of that analysis to the customer. In this situation, an indicator that measures the stability of the requirements would not necessarily help the project manager.

Process Indicators
Process indicators are described in the descriptions for the three lower level processes. 
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