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System Process Flowcharts / Systems Engineering 



	Systems engineering is applied throughout the lifecycle acquisition management lifecycle to both the National Airspace System (NAS) as a whole, and to individual investment programs. Systems engineering includes such disciplines as allocation of requirements; reliability, maintainability, and availability analysis; human factors; risk management; configuration management; functional analysis and interface management. Typically, the systems engineer oversees and integrates these functional disciplines into a coherent engineering effort. 

Three principal thrusts of systems engineering are covered in this process flowchart: mission and investment analysis, system design, and system integration. Other systems engineering disciplines (e.g., configuration management at http://fast.faa.gov/flowcharts/testflow/configm.htm and human factors at http://fast.faa.gov/flowcharts/testflow/humfac.htm) are addressed in related process flowcharts in FAST. During mission analysis, systems engineering establishes the basis for long-range strategic planning, translates operational needs into requirements, and performs analysis to aid in determining solution costs and benefits.  System design translates technical and performance requirements into a design able to meet those requirements. System integration ensures a new product is integrated internally, as well as interoperable and properly interfaced with the rest of the NAS. 

Systems engineering is conducted throughout the FAA in a manner that supports the effort at hand.  It may be practiced by different but interrelated groups of people and with different emphasis throughout the product lifecycle.  For example, NAS Architecture systems engineering focuses on the entire NAS as a "system of systems", looking for the best total solution to all FAA missions. During mission analysis, systems engineering is used to define concepts of use, perform functional analysis and identify requirements, as well as to develop a range of alternatives (e.g., airborne vs. ground-based). During investment analysis, systems engineering focuses on defining the best alternative solution to priority mission needs from a Service-Level Mission Need Statement. During solution implementation systems engineering is conducted to develop and field the solution determined at the final investment decision to be most suitable for satisfying mission need.

The Systems Engineering Management Plan (SEMP) describes the entire FAA systems engineering process, as well as the roles and responsibilities of Service Teams and systems engineering organizations. A copy of the SEMP may be obtained from Ann Tedford,     ATO-P, at 385-7250.

The Service Team performs systems engineering throughout the lifecycle of a product until it is retired from service. Implementation systems engineering peaks during solution implementation as investment products are designed and developed. The goal is to optimize performance, while managing complexity, lifecycle cost, and risk. During in-service management, systems engineering focuses on sustaining performance and service life through product improvement.

Systems Engineering Activities

Activity: Perform Corporate Mission Analysis 
SE-1

Responsible
Agent

Product

Approval
Authority

Tools and Aids

ATO Systems Engineering with support from service organization systems engineering specialists
Systems engineering input to long-range strategic planning by service organizations 
 

FAA Operations Architecture Tools
Description:
ATO Systems Engineering works with systems engineers within the service organizations to conduct mission analyses that cut across service organizations. ATO Systems Engineering also develops and updates FAA standards, guidance, and tools for both mission analysis and service analysis. 



Activity: Support Service Analysis 
SE-2
Responsible
Agent

Products
Approval
Authority

Tools and Aids

Service organization systems engineers with support from ATO Systems Engineering or AIO
Service-Level Mission Need Statement 

Chief Operating Officer or the Associate or Assistant Administrator of the line of business
FAA Systems Engineering Manual Section 4.4
Description:
Service organization systems engineers with support from ATO Systems Engineering or AIO define services, analyze functions, determine and prioritize service gaps, and evaluate technology opportunities. Results are recorded in the Service-Level Mission Need Statement, which is the bridge between FAA strategic and performance goals and the operating plan of the service organization. 



Activity: Support Concept and Requirements Definition
SE-3
Responsible
Agent

Product

Approval
Authority

Tools and Aids

ATO Systems Engineering 
ATO Operations Planning

Service Team systems engineers 

Operational experts 
Program Requirements attachment to the Exhibit 300 Program Baseline
Vice Presidents (ATO) or Directors (non-ATO) of the service organization with the mission need and the operating service organization(s)

Template and instruction for the Program Requirements attachment to the Exhibit 300 Program Baseline
Mission Analysis Process Guidelines
Description:
Service Team systems engineers work with ATO Systems Engineering to develop preliminary requirements and define initial alternatives for the service shortfall intended to be resolved. Likewise, service organization systems engineers and operational experts work together to develop the concept of use. ATO Systems Engineering leads this activity, which concludes with development of briefing materials for the Investment Analysis Readiness Decision.


Activity: Support Initial Investment Analysis 
SE-4
Product
Product

Approval
Authority

Tools and Aids

Service Team systems engineers with support from ATO Systems Engineering or AIO
Systems engineering input to the Business Cases Analysis Report attachment to the Exhibit 300 Program Baseline

Initial Architecture Impact Analysis
 

Template and instruction for the Business Case Analysis Report attachment to the Exhibit 300 Program Baseline

Description:
Service Team systems engineers and ATO Systems Engineering support ATO-Finance in conducting the analyses associated with developing the business case. This includes analyzing alternative solutions thoroughly and impartially for such factors as performance, lifecycle costs and benefits, reliability, maintainability, supportability, information and physical security, human factors, and risk. ATO Systems Engineering also prepares the initial Architecture Impact Analysis. 
Activity: Support Final Investment Analysis
SE-5
Product
Product

Approval
Authority

Tools and Aids

Service Team systems engineers with support from ATO Systems Engineering. 
Systems engineering tasks for Part 2 of the Implementation Strategy and Planning attachment to the Exhibit 300 Program Baseline
Architecture Impact Statement

 
Template and instruction for the Implementation Strategy and Planning attachment to the Exhibit 300 Program Baseline
Description:
Service Team systems engineers with support from ATO Systems Engineering or AIO work with program planners and financial analysts to develop the optimum sequence of work activities for accomplishing the investment program at lowest lifecycle cost and risk. These tasks are recorded in Part 2 of the Implementation Strategy and Planning (ISP) attachment to the Exhibit 300 Program Baseline. Systems engineering activities in the ISP include safety, security, integrated logistics support, risk, configuration management, test and evaluation, physical and functional integration, and some aspects of deployment. The in-service checklist is tailored for the investment program at this time and used as a planning aid when developing Part 2 of the ISP. ATO Systems Engineering also completes the Architecture Impact Analysis.




Activity: Define System Architectural Design 
SE-6
Responsible
Agent

Product

Approval
Authority

Tools and Aids

Service Team systems engineers 

System Requirements Specification

Architectural Design Document

Service Team leader

 
Description:
Service Team systems engineers participate in each of the following tasks as part of a shared effort between FAA and the system vendor, with the vendor doing most of the work and the FAA overseeing contractor activity. 
The following series of tasks is based on a "waterfall" model of system design and development. Other models may be employed, such as the "spiral" model in which progress is made in chunks, and tasks are iterative rather than completed in a linear sequence. 
The system architecture design assigns functions to hardware, software, facilities, people, and procedures. Requirements are fleshed out in greater detail through user interviews, rapid prototyping, demonstrations, or any other activity that gives confidence the requirements are well understood, consistent, and appropriate before starting detailed design. Detailed design is complex and creative, particularly when determining whether functionality will reside in hardware or software, what hardware platform to use, and how individual modules or configuration items interface and work together. The output may be any or all of the following: System Requirements Specification; System / Sub-System Specification; Sub-System Design(s); sub-system description(s); a Requirements Traceability Matrix; Interface Requirements Document; Software Requirements Specification; simulations; models; measurements; estimates for system size, schedule, and cost; and risk analysis report.



Activity: Analyze System Requirements 
SE-7
Responsible

Agent

Product

Approval Authority

Tools and Aids

Contractor develops

Service Team software and systems engineers oversee and review

Software Requirements Specification

Requirements Traceability Matrix

Software Interface Requirements Specification

Service Team software and systems engineering specialists

 
Description:
The system contractor translates requirements in the System Specification into specific requirements the development effort must satisfy. Software functionality and design are recorded in the Software Requirements Specification. Likewise, hardware functionality and design are recorded in the Hardware Requirements Specification. The contractor then develops the software design in greater detail, including decomposition into modules that provide discrete functionality. Finally, the contractor develops a detailed estimate of software size, complexity, schedule, and cost. Outputs typically include a Software Requirements Specification; a Software Requirements Traceability Matrix; an Interface Requirements Specification; a Software Development File; revised risk analysis; and more detailed size, schedule, and cost estimate for software development. The contract CDRL must specify which of these products the contractor will deliver to the government. The software and systems engineers lead the review and approve contract deliverables.



Activity: Develop System Architectural Design 
SE-8
Responsible
Agent

Product

Approval
Authority

Tools and Aids

Contractor develops

Service Team engineering specialists oversee and monitor

System Architectural Design Document



Service Team engineering specialists

 
Description:
The contractor designs the system architecture based on the final System Requirements Specification. The hardware and software architectures are based on the system requirements allocated to the hardware and software specifications. The output is the System Architectural Design Document, which includes both hardware and software architecture designs. The software architecture design document contains the database design description, updated requirements traceability matrix, and metrics for collecting software descriptors (size, etc.). Service Team software and systems engineering specialists oversee and monitor this activity.



Activity: Develop System Detailed Design 
SE-9
Responsible
Agent

Product

Approval
Authority

Tools and Aids

Contractor designs

Service Team software and systems engineering specialists oversee and review

System detailed design

Service Team software and systems engineering specialists

 
Description:
The contractor develops a detailed system design of the functional system (hardware and software).  The detailed design describes the subsystem, assemblies, and lower-level components that make up the system.  Component specifications are prepared and procurement of COTS or detailed design is accomplished followed by integration activities. The Service Team systems engineering specialists oversee and monitor the detailed system design.



Activity: Develop and Test Software Code 
SE-10
Responsible
Agent

Product

Approval
Authority

Tools and Aids

Software contractor develops source code

Service Team software and systems engineering specialists oversee and review

Source code

Updated Software Development Plan 

Updated Requirements Traceability Matrix

Service Team software and systems engineering specialists

 
Description:
The contractor develops source code for each software module, conducts unit testing by module, and begins collection of data for defined metrics. The outputs are primary source code and databases, updated software development plans, and an updated requirements traceability matrix. The Service Team software and systems engineering specialists lead the review and approval of software code. The Service Team may choose to hire an Independent Validation and Verification contractor to assist in software review and evaluation.



Activity: Integrate Software and Conduct Design Qualification Test 
SE-11
Responsible
Agent

Product

Approval
Authority

Tools and Aids

System contractor integrates and tests

Service Team software and systems engineering specialists oversee and review

Integrated, tested, and qualified system
Service Team software and systems engineering specialists

 

Description:
The contractor integrates and tests software source code modules against requirements in the traceability matrix. The contractor integrates hardware and software components. The output is a fully integrated and tested system. The contractor conducts and the Service Team witnesses the Design Qualification Test. Successful completion of the DQT signifies government acceptance of product design.








