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Process Description (PD)

Name Derive and Allocate Requirements

GENERAL INFORMATION

Process ID RE300

Process Purpose

The purpose of the Derive and Allocate Requirements sub-process is to analyze the system and other requirements and derive a more detailed and precise set of requirements. These derived requirements are allocated to system functions; objects; people; and supporting processes, products, and services, which can be used to synthesize solutions. Derived requirements are analyzed to ensure they are necessary and sufficient. This process area addresses both the analysis of system-level requirements and the allocation of system-level or derived requirements to lower level functions or objects. This involves addressing the concept of operations, functional partitioning, object identification, and performance allocation, as well as capturing the status and traceability of requirements. The derived and allocated requirements will evolve as the system requirements evolve over time. When corrective actions have an impact on requirements, it may be necessary to revise the derived and allocated requirements.

RE300 is related directly to its predecessor RE200 and directly to successor engineering testing and management processes:

Standard

EIA-632, Systems Engineering, Electronic Industries Association.

References

CMMI for Systems Engineering and Software Engineering; (CMMI-SE/SW, V 1.1), December 2001.

Systems Engineering Capability Maturity Model, Version 1.1, Nov. 1995, SEI, Carnegie Mellon University (SE-CMM)

Capability Maturity Model for Software, Version 1.1, Feb 1993, SEI, Carnegie Mellon University (SW-CMM)

Related Processes
Refer to the DES Requirements Process Macro Process Description (PD) for additional information (RE000 Requirements Process Macro).

RE100 Assess New/Changed Requirements and Control Changes

RE200 Understand Customer Needs and Expectations

See the CMMI for additional information and guidance.

Version Number V 4.0, September 1, 2002

CUSTOMER DESCRIPTION
Customer
DES external customers (clients and V&V organizations)

DES internal customers (project and engineering group management, system developers, system testers, project QA)

Customer Requirements
Analyze the system and other requirements and derive a more detailed and precise set of requirements; and allocate the requirements to components of the system.


INTERFACE DESCRIPTION
Entrance Criteria
The entrance criteria for RE300 is a completed RE200 process which produces a Requirements Traceability matrix, a Requirements Description (RD)/Functional Description (FD), and a preliminary operational and system capability concept.

Inputs
RE300 inputs include:

· Requirements Description (RD) 

· Functional Requirements (FD) 

· Requirements Traceability Matrix (RTM) 

· Preliminary Operational and Systems Capability concepts

Outputs

RE300 outputs consist of:

· Functional partitions (groups of requirements useful for analysis) 

· Derived Requirements (requirements that may be logically inferred and implied as essential) 

· Allocated requirements (requirements assigned to functional partitions) 

· The requirement verification method for each requirement. Multiple validation techniques shall be used, as appropriate. 

Exit Criteria
The exit criteria for RE300 is completion of the typical RE300 work products which include:

· Requirements document 

· Requirements database 

· Interface Requirements Document (IRD) 

· Functional Architecture 

· Requirements Allocation Sheet 

PROCEDURAL DESCRIPTION
Responsibilities
The participants in this process, from the DES, Market Sector Level, and Project Level as appropriate, are: customer, DES management, and the technical requirements team.

Tasks
The major tasks are listed below: 

Customer and Project Management and Technical Requirements Team (Joint Team)
Develop a detailed operational concept of the interaction of the system, the user and the environment. Re-evaluate the operational concept iteratively as requirements are further partitioned and external interfaces are identified.

· This practice adds detail to the operational concept used to develop system requirements. The operational concept includes scenarios and timelines of the system’s responses to stimuli. The behavior of the system and its elements is organized by states, modes, and time sequences. The behavior is flowed down to subsystem elements for each system element. The operational behavior of the system and subsystem includes the behavior required to meet the customer’s operational need and any exceptional behavior that may be caused by the environment or system faults. 

Identify key requirements that influence cost, schedule functionality, risk or performance. Perform a cost benefit analysis. 

· In analyzing system and derived requirements, requirements are often identified that have an especially strong influence on the cost, development schedule, risk or performance of a product. The total set of requirements is screened for potential key requirements. A cost-benefit analysis is then performed on these requirements using the Decision Analysis and Resolution (DAR) process area. The results of analyzing key requirements may be reviewed with the customer using the methods of the Understand Customer Needs and Expectations process area (PA06). Key requirements that show a relatively low benefit-to-cost ratio, high risk, or long development schedule are candidates for negotiation with the customer. Key requirements are a primary input to the activities of the Risk Management process area. 

Partition requirements into groups based on established criteria to facilitate and focus the requirements analysis. The results of this partitioning are used in both BP.02.04 and BP.02.05.

· Requirements are evaluated for similarity in function and grouped into appropriate partitions. Criteria for appropriate functional partitions are established and may include, in addition to similarity, high coupling within functional partition and low coupling between functional partitions. Functional partitions are chosen so that overall performance requirements can be budgeted to the functions. 

Derive requirements that may be logically inferred and implied as essential to system effectiveness.

· Derived requirements are those requirements that are explicitly identified or discovered as necessary implications of stated system and other top-level requirements. A system requirement’s derived requirements "represent" the system requirement in terms of development constraints and verification. Typically, a system requirement may have to be decomposed into one or more derived requirements in order to allocate responsibility and to provide for feasible verification. Derived requirements apply to all aspects of the developed system, including the development, production, environmental, and operational parameters. Derived requirements may result from a single higher-level requirement or partitions of higher-level requirements. 

Analyze derived requirements to ensure that they are necessary and sufficient. The derived requirements are analyzed in light of the operational concept and scenarios to support the development of a more detailed and precise set of product or product component requirements. The analysis makes sure that the derived requirements are necessary and sufficient to meet the objectives of higher-level requirements.

Identify the requirements associated with external interfaces to the system and interfaces between functional partitions or objects. Interfaces are controlled according to the practices of the Product Integration Process Area.. 

· External and internal interfaces are identified throughout the analysis of system requirements. Identification of these interfaces is essential to the development of a complete set of requirements for the physical architecture. The early and complete definition of external interfaces is especially important in characterizing the overall functionality of the system because the interfaces are typically independent of the internal architecture. Also, external interfaces may be a driver of the internal architecture and functionality. This is especially true of the user interface. The internal interfaces and their related derived requirements are identified in conjunction with the functional or object partitioning. After partitions are identified, their interfaces and logical data flows are defined. 

· Validate requirements to ensure the resulting product will perform as intended in the user’s environment using multiple techniques as appropriate. 

Allocate requirements to functional partitions, objects, people, or support elements to support synthesis of solutions.

· The purpose of this practice is to facilitate development of the functional architecture at successively lower partitions. Requirements are initially allocated to functional partitions (which may include functions or objects, and sub functions) and ultimately to system elements and components. The allocations are performed so that the derived requirements can be implemented to satisfy the higher-level requirements. Where is appears that a requirements is to be satisfied jointly by several system elements, it is necessary to derive separate requirements for each system element. 

· Alternatives should be considered regarding the allocation of requirements to people versus system. Support element (including processes, production, maintenance, and environmental constraints) should be evaluated for allocation of derived requirements. 

Analyze requirements to ensure that they are verifiable by the methods. Validate requirements to ensure that the resulting product will perform as intended in the user’s environment using multiple techniques as appropriate. Work closely with the customer/users to understand why the requirement is important. This often can provide insight into how to test the requirement.

· The method and feasibility of verifying requirements is established early in the development cycle. It is essential for a system or derived requirements to have characteristics that can be verified to prove that the resulting product meets the intended purpose. Evaluating the feasibility of verifying a potential requirement facilitates the production of good requirements. Throughout the life cycle, requirements are continually assessed to ensure the feasibility of verification, especially in connection with evaluating changes to requirements. Methods of verification include inspection, test, demonstration and analysis. 

Ensure that lower level (derived) requirements are necessary and sufficient to meet the objectives of higher-level requirements. Verify that the information obtained is valid. Review information with customer/users to ensure accuracy. Reiterate the BP.02.04 and BP.02.05 processes as necessary to refine the inferred or implied requirements as well as the requirements associated with external interfaces and those associated between functional partitions or objects.

· This practice captures, maintains, and controls the traceability and status of requirements throughout the product life cycle. Of particular importance is the relationship between higher-level requirements and their associated derived requirements, which in effect represent the higher-level requirements. This dependence of derived requirements on other requirements or design features is referred to as traceability and is recorded and maintained from the highest level (most general) to the lowest level (most specific) as the requirements and design evolve. A continuous assessment of the lower level requirements and validity of their traceability is conducted to ensure that the developed system or product meets all the requirements, but does not have features beyond what is necessary to meet the requirements. 

Capture system and other requirements, derived requirements, derivation rationale, allocations, traceability, and requirements status.

· Capture feedback from the client. Assess the effectiveness of the entire RE300 process. Document lessons learned and ideas for improvement to the process and products. 

This base practice forms the basis for systematically developing and verifying a system that meets the customer’s operational and performance expectations within acceptable constraints of cost and schedule. Captured results also include other attributes of requirements such as a unique requirement number, interpretation, test method, issues, and acceptance/change status.

Tools
Tools to be considered in the RE300 process are:

· An automated Requirements Engineering tool. This tool is used for documenting and tracking the requirements throughout the Requirements process. The tools, which is selected early in the RE process, facilitates creating the bi-directional RTM, performing change control; and linking requirements to other requirements, design elements, and verification activities. In addition an automated tool facilitates collection of data for process metrics. 

· An analytical tool. This tool is used for performing the decision-oriented aspects of the requirements engineering process. A modeling tool such as CORE is an example. 

· Office automation tools such as spreadsheet and work processor are useful for performing day-to-day operations in the Requirements Process such as maintaining data in the automated Requirements engineering tool, and creating reports. 

In addition to the above tools, the following tool(s) may be used in any step of RE300:

· Web Browser 

· Internet 

· PAL access 

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

MEASUREMENT DESCRIPTION
Quality Indicators (Q1)
Quality Indicators are the measures used to determine the quality of the product or service 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 (CVR) Quality Indicators 

· Requirements Change Control Quality Indicators 

· Requirement Traceability Quality Indicators 

· Customer Interface Quality Indicators 

The CVR of RE300 is to analyze the system and other requirements and derive a more detailed and precise set of requirements. Thought should also be given to measures that indicate the quality of the outputs or products of the RE300 process, such as the Requirements Document (RD), Interface Requirements Document (IRD), and a measure of the requirements not met.
Process Indicators (P1)
Process indicators are upstream measures of the process used to create the products of the process. Examples include measures of how long it takes to perform the process and measures of how well the process is performed. These are "upstream" in the sense that review of these indicators provides an early measure or indication of progress. Examples that could be considered are the lapsed time to perform the process, the cost of the process, and customer evaluations of the effectiveness of the process. 

