Syllabus
ENEE/ENMG 660- Systems Engineering Fundamentals 

Course Description:

This is a first semester, required, graduate course for EE majors within a Systems Engineering (SE) Track or an SE Certificate that teaches the fundamentals of systems engineering. The course will address: (1) systems engineering principles (2) systems engineering processes/methodologies (3) integration of the necessary technical disciplines and (4) systems engineering management. The goal of this course is to provide the beginning graduate student with the foundational framework to understand requirements and capabilities based design and how the traditional systems engineering process may need to adjust to accommodate these philosophies. Combined with industrial experience and exposure to multiple domains, this course can be a stepping stone to a career as a professional Systems Engineer or Program Manager. The content of the course results from the decomposition of the system life cycle phases to illustrate the many engineering specialties and disciplines that are required to systematically engineer, deploy and sustain complex systems for missions to be performed in aerospace, electronics and information processing (command, control and intelligence) domains.  The intent is to achieve understanding of the system engineering process, selection of specialized tools and its execution under differing design or acquisition philosophies. Prerequisite: B.S. degree in EE or related field or equivalent industrial experience in aerospace or electronic systems. Co-requisite: none. 

(3 Credits).

The course consists of 13 to14 class sessions of 150 minutes. The course unfolds by establishing the life cycle of a complex, engineered system from defining its need to its eventual disposition. The student is introduced to three stages of the life cycle and the phases within each of these stages. The role, responsibilities and accountabilities of the systems engineer (SE) is explored in each phase through the key processes associated with the phase, the creation of the central engineering artifacts resulting from the SE process and its relation to the processes of other components of the engineering organization contributing to the realization of a system. The agenda for most of the class sessions is a systematic exploration of the core processes, tools and artifacts associated with each phase within the life cycle. Some lecture sessions may be complemented by team problem solving, presentations by vendors of tools or discussion with practicing experts in the field.

Homework is an essential part of the learning process and problem sets are assigned to reinforce the learning of concepts in an environment that mimics the real world. The student is expected to be familiar with the use of Microsoft Office Products (primarily Word, PowerPoint and Excel).

The following is a summary of the highlights of each session.

Session 1: What is Systems Engineering?

1. Introduction to Systems Engineering and Context:  What is a System? What is Systems Engineering? Differentiating SE from Traditional Engineering. 

2. The Nature of Complex Systems. The Viewpoint and Challenge of Systems Engineering. The Attributes of Systems Engineers. 

3. Introduction to the System Life Cycle: Relationship Between the Stages of the Life Cycle and Phases of Systems Engineering

4. Examples: Systems Engineering Phases Within the DoD Acquisition Framework; Comparisons between NASA and DoD Acquisition Framework.

5. Stakeholders and their Motivations.

Session 2: The Structure of Complex Systems.

1. The Structure of Complex Systems: Building Blocks; Interfaces.  The fundamental Building Blocks for Systems of Interest. 

2. A Hierarchical Model: A Useful Naming Convention for Systems of Systems; Differentiating Between a System and its Environment.

3. A Brief Introduction to the Notion of Work Breakdown Structure (WBS).

4. A Definition of Family and Systems of Systems: The Joint Capabilities Integration and Development System -- JCIDS.

5. Defining Capabilities Based Needs: Organizing Requirements or Capabilities in Hierarchies of Specifications; The Specification Tree and Relation to a Work Breakdown Structure; Comments on Building Complex Systems from the Integration of Autonomous, Legacy Elements. 

Session 3: Acquisition and Development Models Leading to SE Process Models

1. The Waterfall Model; The Spiral Model; The SE Process is defined by the Acquisition and System Development Model.

2. How Traditional Engineering Functions are Tailored for the Development Phase of the System Life Cycle in Requirements vs. Capabilities Based System Development.

3. Engineering Reviews and Architecture Artifacts. 

4. Simulation During Concept Exploration and Development 

5. Engineering Metrics: Technical Performance Measurement; The Role of Modeling and forms of Simulation to Aid Verification

6. Examples: Comparisons Between Classical Technical Performance Measurement and Key Performance Parameters of JCIDS. 

(Management of Requirements deferred to Sessions 11 and 12 -- SE Process Governance).                                                      

Session 4: Concept Refinement: Capability Needs Analysis; Concept Exploration and Definition Phases of the Life Cycle.
1. Capabilities/Requirements Development During Concept Exploration; Translating Capabilities Needs into Development Requirements;  Organizing and Building a Database; Extracting the Driving Requirements and Establishing Traceability; 

2. Systems Decomposition Evolves to Requirements Decomposition; Documentation of: Systems Requirements (Capabilities), Design, Development Test and Integration, Requirements Verification
3. Well Posed Requirements: Principles for Writing Good Specifications; Introduction to Object Oriented SE using Structured Unified Modeling Language (UML); Structure and Content of Some Common Specifications.

4. Demonstration of DOORS for Requirements Management and Capture. 
Session 5: System Architecture Development.

1. Modeling Methodologies and Popular Frameworks. 

2. Architecture Views as Artifacts of Architecture Development: Operational, System and Technical Views. 

3. Use-Cases Initiate the Dialog Between the System Designer and its User. 

4. Specifying the Use of Normative Standards/Protocols. 

5. Environments in which there is not an End State Architecture for a System. 

6. Demonstration of a Popular Architectural Modeling Tool to Create Artifacts.

Session 6: System Design Progression

1. An Example of an Integrated Engineering Development Process
2. The Structure of a Specification. 

3. Allocating Requirements/Capability Needs from Various Architecture Artifacts to System Level Functional Specifications. 

4. Implementation Level Specifications (Critical Methods).

5. Interface Control Specifications and Interface Design Documents. 

6. The Human-Machine Interface.

7. Specification of Design Standards and Practices.

Session 7: Systems Design and Optimization

1. The Trade Study Process and Methodology. 

2. Selected DODAF Views In Executable Form Facilitates Performance Evaluation. 

3. Performance and Cost Modeling at the Architecture and Element Level. 

4. The Use of Simulation Based Design to Evaluate Effectiveness. 

5. Cost Estimating Relationships Essential to the Conduct of Trade Studies. 

6. The Growing Role of Cost As an Independent Variable (CAIV) Analysis. 

7. Mechanization of Architecture Abstractions Using Deterministic Models, Probabilistic Models and Discrete Event Simulation. 

8. Other Forms of Simulation (Software in the Loop, Hardware in the Loop, Trainers, etc.).
Session 8: Integration of Specialty Engineering

1. The Role of the Systems Engineer vis-à-vis the Integration of Engineering Specialties Required to Create Systems Responding to Operational/Engineering Needs, Including: 

· Hardware Engineering

· Software Engineering 

· Human Factors With Emphasis on the Human Computer Interface 

· Reliability, Maintainability and Availability 

· Integrated Logistics Support 

· Quality Assurance 

· Safety Engineering and Other Specialties. 

2. The Consequence of Reliability, Maintainability and Availability (RMA) Analysis upon CAIV Assessments and Architecture. 

3. Treatment of Availability in Creating Mission Critical Applications through Integration of Legacy Systems and Building Systems of Systems.

Session 9: Systems Integration, Test and Verification

1. The SE Contribution to the Test and Evaluation Master Plan (TEMP).

2. SE Content During System Demonstration Phase of System Development and Demonstration.

3. The System Integration Process in a Spiral Development Environment.

4. Requirements Verification Methods; the Verification Cross Reference Matrix (VCRM); the Requirements Traceability Matrix (RTM) and Reliability, Availability and Maintainability Testing.

5. A SoS Model for Levels of Integration and Test.

6.  System Integration and Test Under the Influence of Asynchronous Element/Component Spiral Schedules and Mitigating Its Effects.

7. Efficient Test Planning, TPM Selection, Tracking and Measurement.

8. Configuration Management Considerations Related to the Conduct of Integration and Test.

9. Military Utility and the Evolving Paradigm of Capabilities Based Development: an Application of Utility Theory.
Session 10: Transition and Introduction to Risk Management

1. Systems Transition and Insertion of Newly Developed Elements/Components into Operational Systems. 

2. Achieving Cutover to Enhanced Mission Capabilities. 

3. Elements Of Risk Management: Defining And Quantifying Risk; Principal Categories of Risk Include Technical, Cost and Schedule. 

4. Technical Risk Mitigation Strategies; Metrics, Tools and Tracking Methods.

5. Post-Development Considerations.

Session 11: Planning and Control for Systems Engineering – SE Process Governance I

1. The Work Breakdown Structure WBS (Revisited); SE Roles in Contractor WBS. 

2. The Integrated Master Plan and Integrated Master Schedule. 

3. The Configuration Management and Control Process ( including Engineering Change Proposals); Interface Management via the Interface Control Working Group (ICWG); Requests For Deviations and Waivers; Design Artifacts as Data Managed vs. Configuration Managed Products. 

4. Data Management. 

5. External Interactions with Customers and their Program Office Contractors, Associate Contractors and Subcontractors. 

6. Internal Interactions with Engineering Functions Having Responsibilities for Hardware, Software, Integration and Test and Quality Assurance. 

7. Concepts of Earned Value Management.

Session 12: Systems Engineering Organization and Management –SE Process Governance II

1. The Systems Engineering (Management) Plan. 

2. Organizing for Effectiveness (IPD, IPT, and Product vs. Customer Alignment). 

3. Concurrent Development of Multiple "Product Lines". 

4. Program Level and SE Organization Command Media; The Process Asset Library and Desk Instructions. 

5. Design Disclosures and Reviews.

6. SE And SWE Maturity Models.

7. Contracts and Deliverables.

8. Management of Client Expectations 

9. The Model Behavior of the Enlightened Program Manager.  

Session 13: Seminar

A seminar to address real life issues posed by class members to be addressed by working level systems engineers that leverage the material in this introductory course.

Session 14: To Be Scheduled As Needed

Assigned Text:

SMC Systems Engineering Primer and Handbook, 2nd Edition, 2004, U.S. Air Force, Space and Missiles Center, (available on line as pdf)

Recommended References:

M. Maier and E. Rechtin, The Art of Systems Architecting, 2nd Edition, CRC Press, 2002, ISBN 0-8493-0440-7.

Electronics Industry Association Publication, EIA/IS 632, Systems Engineering Standard. 

NASA Goddard Procedures and Guidelines, GPG-7120.5 Rev 06-29-04 for NASA SE (available on line as pdf)

Systems Engineering Fundamentals, Defense Acquisition University Press, 2001 (available on line as pdf)

Grading: Homework ~ 25%              Exams ~ 30%            Final Exam ~ 45%

Homework is assigned to ensure that principles and processes are mastered through discrete problem solutions. Problem sets may be assigned weekly and are due within 1 week. Exams are planned as “take-home”. 

Exams during the semester will address both mastery of the principles and integration of knowledge to demonstrate problem-solving skills expected of Systems Engineers. The Final Exam represents the culmination of a semester of study, lecture, feedback on homework and exams, and possibly collaborative work within the cohort of students. 

Class Meetings:  Once per week, evenings.

Instructor:  Dr. Peter Hoch

"By enrolling in this course, each student assumes the responsibilities of an active participant in UMBC's scholarly community in which everyone's academic work and behavior are held to the highest standards of honesty. Cheating, fabrication, plagiarism, and helping others to commit these acts are all forms of academic dishonesty, and they are wrong. Academic misconduct could result in disciplinary action that may include, but is not limited to, suspension or dismissal. To read the full Student Academic Conduct Policy, consult the UMBC Student Handbook, the Faculty Handbook, or the UMBC Policies section of the UMBC Directory [or for graduate courses, the Graduate School website]." 
