UNIVERSITY 

OF 

SOUTHERN CALIFORNIA

Syllabus

Systems Engineering Theory & Practice
SAE 541

Jim Hines

Spring 2010
UNIVERSTY OF SOUTHERN CALIFORNIA

COURSE OBJECTIVES AND REQUIREMENTS

SYSTEMS ENGINEERING THEORY AND PRACTICE (SAE 541)

Instructor:  Jim Hines

Phone:      562-714-4326   
Email: jhines@usc.edu
Office Hours: 5:30 - 6:30 PM Thursday
TA:     TBD
Phone:  
Office: 

Office Hours:  
Email: 
Class: Thursday, 6:40 PM-09:20 PM
Textbooks:  
1. International Council of Systems Engineering, Systems Engineering Handbook, A guide for System Life Cycle Processes and Activities, version 3.1, August 2007 
2. Defense Acquisition University, Systems Engineering Fundamentals, January 2001, Defense Acquisition University Press

http://www.dau.mil/pubs/pdf/SEFGuide%2001-01.pdf
3. NASA Systems Engineering Handbook, NASA/SP-2007-6105 Rev1, December 2007
http://www.ap233.org/ap233-public-information/reference/20080008301_2008008500.pdf
Other Resources:

INCOSE Fellows, What is the Systems Approach?  (To be found in the Course Information folder on Blackboard)

Website: USC URL www.usc.edu/dept/engineering/Distance _Learning



Blackboard    https://learn.usc.edu
Administrative: 


DEN Exams and Proctoring  Denexam@usc.edu, (213) 821-3136 


fax: (213) 821-0851


Technical Support webclass@usc.edu 


Online Services, Webcast Problems, Software Questions or General Technical Questions 



(213) 821-1321


Mary Ordaz, ISE Student Services Advisor, 213-740-4886



Norma E. Orduna, ISE Student Services, 213.740.4893
Course Description:

Systems engineering is the evolving discipline that addresses the management of increasing complexity in military, industrial, commercial and civil systems.  Over the past few decades, especially since the massive applications available from digital computers and software, the complexity of systems for a great variety of applications has threatened to overwhelm previous management processes.  Furthermore, this complexity has resulted in developmental failures, cost overruns, schedule slippage, stakeholder dissatisfaction and environmental disasters.

This course will acquaint the student with both the theory and practice of the discipline of systems engineering and enable the student to produce the various artifacts of systems engineering for a system of the student’s choice, demonstrating an understanding of the inter-relationships among these artifacts.  This course is the introductory course to the Systems Architecture and Engineering master’s program. As such, it provide a framework for other ISE courses in the program, especially those pertaining to advanced topics in systems engineering (ISE 542), engineering economics (ISE 561), decision theory (ISE 562) and project management (ISE 515).  Among these, ISE 542 is the only course for which ISE 541 is a prerequisite.

 Among the topics to be covered in the class are:

……………………..Perspectives of Systems, System Types and the System Architecture
……………………..Systems Engineering Process Models
……………………..The Value of Systems Engineering 
……………………..The Systems Approach
……………………..General Statement of the Problem or Need
…………………….. System Process & Life Cycle Models
……………………..Systems Engineering Standards

……………………..Requirements & Functional Analysis

……………………..Specifications 

……………………..Synthesis & Architecting

……………………..Systems Analysis (Trade Studies and Other Decision Methodologies)
……………………..Verification, Validation, and Test 

…………………….. Risk Analysis
……………………...Systems Integration
……………………..Affordability
……………………..Design for Specialties (Reliability, Availability, Maintainability, Safety, Human                Systems Integration, Interoperability, Manufacturing and Production, Supportability, Sustainability & Logistics)
Course Objectives:  

Scope

Systems engineering is a scientific way to understand the underlying structure and characteristics of systems and their complexities.  This course will acquaint you with concept of systems and the role systems engineering plays in their development.  It will also provide a basic framework for planning and assessing system development and how systems analysis methods and techniques are integrated within the systems engineering process.

Systems engineering consists of both analysis and management aspects. This course focuses on the analysis aspects leaving the management aspects to other courses, primarily SAE 599 Systems Engineering Management. However, because of the links between the analysis and management aspects, the relationship between the two aspects will be covered, wherever appropriate.
Although many strides have been made in recent years into the systems engineering beyond the traditional focus on government procured systems most of which are technological, that is systems consisting of hardware and software, and into commercial domains, the principles outlined in this course apply mainly to the traditional practice of systems engineering.  
Goals
· Establish a basic understanding of systems and systems engineering concepts and terms

· Instill in the minds of the students systems engineering as a way of thinking

· Have a full understanding of the theory and practice of systems engineering

· Introduce systems engineering as a problem solving process and its relationship to the system life cycle

· Understand useful theories, models, techniques and tools 

· Address design for operational feasibility (specialty engineering) concepts

· Understand the interactions among all the systems engineering processes

· Produce the various artifacts of systems engineering

· Reflect the principles of systems engineering in their artifacts

· Produce an analysis and synthesis/ architect of a complete system of their own choice

Course Highlights:  (Detailed agenda for each session in Course Outline provided)

There will be:
1) Exercises 
2)
Midterm exam.

3) Final exam.

4) Class Project 
These activities are to provide a valuable learning experience by demonstrating your knowledge, comprehension, application, analysis, synthesis, and evaluation of the subject material.  You will be expected to apply systems thinking and utilize the systems engineering process during the course. 
As in the “real world” of systems engineering involves teamwork.  As a result we will be forming teams for working on selected Exercises & the Class Project.  Each team is required to demonstrate that they can perform selected Exercises and develop a Systems Specification.    Each team will be required for their project make an initial “White Paper” presentation on their respective plans to the rest of the class.  The white paper will contain the Subject matter, Team members, Table of Contents, Scope, Feasibility, and Applicable Documents.  Presentation of the final project will be made during the last two sessions.  You are encouraged and invited to utilize the knowledge acquired in the lectures, text and any other publications that are relevant to the development of your specification, including those that are relevant to your everyday work.  A written Systems Specification, representing the collective efforts of all team members, shall be submitted not later than the last class session.  Reminder: It is important that the team demonstrate that the team knows “How to Write” a Specification; not that it should be a final complete product.  The final product should be a document which will guide others in preparing such a product in the future.
Grading:  USC Grading Policies shall be followed.
Activity Weighting Factor

Mid Term


  




 

  25%      100 points

Exercises 






   


  25%       100 points 


(5 pt/ 2 team presentations)

Systems Specification Project  
  





  25%     100 points

(5 pt / team presentations of white paper and final project


 & 25 pt/ team member assessments)

Final Exam







 
  25%
    100 points



                         











100%

Other Considerations
Academic Integrity Statement - "The School of Engineering adheres to the University's policies and procedures governing academic integrity as described in USC Campus.  Students are expected to be aware of and to observe the academic integrity standards described in USC Campus, and to expect those standards to be enforced in this course.
Students with Disabilities:
"Any Student requesting academic accommodations based on a disability is required to register with Disability Services and Programs (DSP) each semester.  A letter of verification for approved accommodations can be 

obtained from DSP.  Please be sure the letter is delivered to me (or to TA) as early in the semester as possible. DSP is located in STU 301 and is open 8:30 a.m. - 5:00 p.m., Monday through Friday.  The phone number for DSP is (213)740-0776."

Exams:
Exams may be in both essay and objective formats. Exams are required to be handwritten. If a student has a recognized disability with respect to writing, he or she should follow the procedure on disabilities in the last paragraph. Laptops or other electronic devices are not allowed for exams. Fluency in English is not a requirement for this course. Exams will be graded on content, not on writing and composition skills.
Classroom Courtesies:

For students attending the lectures on campus, standard classroom courtesies are expected. Cell phone use and conversations among students are not allowed.  These practices are distracting to the on-going lecture.  For those listening on DEN please mute phones.  Chat is encouraged.
Plagiarism:

University policies on plagiarism will be in effect. For the term paper, material may not be directly extracted from web sites or other sources, including internal company documents. Quotations within quotation marks are expected and references cited.  

	Class Number
	Date
	Topic

	1
	1/14/10
	Introductory remarks & Course Overview, Administrative Items.  Definitions, What is Systems Engineering, Systems Architecting, and System of Systems? Utilizing a Systems Approach

	2
	1/21/10
	Value of Systems Engineering; Processes & Models, Systems Engineer & Project Management Roles, SE Characteristics and Discipline 

	3
	1/28/10
	Systems Engineering Products, Capability and Specification Documents

	4
	2/4/10
	Understanding the Problem, Stakeholder & User Needs, Problem Statement, Requirements & Requirements Analysis

	5
	2/11/10
	Quality Function Deployment (QFD), Functional Analysis & Allocation, Functional Flow Block Diagrams, Integrated Definition (IDEFO)

	6
	2/18/10
	Synthesis/ Architecting, Use Cases, SysML Language

	7
	2/25/10
	White Paper Presentations

	8
	3/4/10
	Midterm Exam

	9
	3/11/10
	Systems Analysis, Trade Studies & Effectiveness Analysis, Cost as an Independent Variable (CAIV), Kepner Tregoe, AHP, Utility Analyses

	N/A
	3/18/10
	Spring Recess

	10
	3/25/10
	Systems Integration, Interface Analysis 

	11
	4/1/10
	Verification, Validation, & Test

	12
	4/8/10
	Reliability, Availability, Maintainability

	13
	4/15/10
	Specialty Engineering, Supportability, Safety, Systems Security, Human Systems Integration, Manufacturing and Production, Disposal

	14
	4/22/10
	Risk Assessment & Analysis

	15
	4/29/10
	Next Steps & Team Presentations

	N/A
	5/6/10
	Final Exam


University of Southern California 
Course Outline
Systems Engineering Theory and Practice (SAE 541)
Session 1: Introduction and the Concept of the System– January 14, 2010
· Introductory remarks on the nature and requirements of the course-and other administrative issues. 

· Readings: (before the class session)
· INCOSE: Chapter 1: Systems Engineering Handbook Scope
Appendices B, C, D, E 
· NASA (1997): Chapter 1
· DOD: Chapter 1
· INCOSE Fellows: What is the Systems Approach? (in Session #1 folder on Blackboard)
· Lecture Content and Objectives (Introduction, System Definitions and Concepts)

· Introduction and Overview of Course

· Definitions
· What is a System, System Engineering, Systems Architecture and System of Systems (SoS)?
· Utilizing a Systems Approach
     

Be sure to turn in your Student Profiles before next class.
	Student 
Name
	Phone/FAX
	E-mail

	
	
	


	Company & Location
	Systems Engineering
Experience
	Industry Experience
	Number of SAE and ISE Courses
Taken

	
	
	
	


	Objective 

in Taking Course
	Learning Style

http://www.howtolearn.com/lsinventory_student.html
Personality

http://www.humanmetrics.com/cgi-win/JTypes2.asp
	Other Comments

	
	
	

	
	
	



Session 2: Introduction to the Systems Engineering Process – January 21, 2010
· Readings 
· INCOSE: Chapter 2: Systems Engineering Overview
· NASA: Chapter 2
· DAU:  Chapter 2 & 3
· Assignments Due:
· Student Profile
· Exercise No. 1 - System types and architecture (individual assignment)
· Lecture Topics (Bringing Systems into Being)
· The Value of Systems Engineering

· Systems Engineering Process Models & Products
· Systems Engineering & Project Manager 
· Systems Engineering Characteristics and Discipline


Session 3: Systems Engineering Products – January 28, 2010
· Readings (before the class session):
· INCOSE: Chapter 3 & 6.4: Generic Life Cycle Processes & Stages; Appendix A System Life Cycle; Chapters 4.1 Technical Process; Chapter 5.1 Planning ; Chapter 10 Tailoring; Appendix G.1 & G.2 Systems Engineering Technical Management; 
· NASA: Chapter 3 & 7; Appendix K 
· DAU: Chapter 12, 16, 19
· Assignments Due:

· Exercise No. 2 - Process models including Vee model (individual assignment)
· Lecture Topics (Bringing Systems into Being)
· Systems Engineering Products
· Capability Documents 
· Specifications

Session 4: Capturing the Stakeholder Needs and Requirements – February 4, 2010
· Readings (before the class session):
· INCOSE: Chapters 4.2, 4.3: Stakeholder Requirements & Requirement Analysis, Appendices I: Requirements Definition Process & J: Functional Analysis and Allocation
· NASA: Sections 4.1, 4.2, Appendix C, D, and G 
· DAU Chapter 4
· Assignments Due:

· Team Roster
· Exercise No. 3 - SE Products (individual assignment)
· Lecture Topics (Conceptual Systems Design)

· Understanding the Problem (Stakeholder Needs and Problem Statement)
· Quality Functional Deployment 
· Requirements and Requirements Analysis

Session 5: Functional Analysis – February 11, 2010
· Project Team Adjustments – If required 
· Readings (before the class session): 
· INCOSE: Appendix J: Functional Analysis and Allocation
· NASA (2007): Section 4.3; Appendix F
· DAU: Chapter 5: Supplement 5-A, 5-B
· Assignments Due:

· Exercise No. 4 – Problem/ Need statements (team assignment)
· Exercise No. 5 - Writing requirements (team assignment)
· Lecture Topics (Functional Analysis)
· Functional Analysis and Allocation to System Elements
· Functional Flow Block Diagrams (FFBDs)
· Integrated Definition (IDEF0)


Session 6:  Synthesis / Architecting – February 18, 2010
· Project Team Adjustments – If required 

· Readings (before the class session): 
· INCOSE: Chapters 4.4 & 8.2 Architectural Design; Appendices K: System Architecture Synthesis 
· NASA: Chapter 4.4
· DAU: Chapter 6
· Assignments Due:
· Exercise No. 6 QFD (team exercise)
· Exercise No. 7 - FFBD, IDEF0, functional allocation (team assignment)
· Lecture Topics (System Synthesis/ Architecting)
· System Synthesis/ Architecting
· Use Cases

· The SysML Model


Session 7: Team White Papers February 25, 2010
· Assignments Due:

· Exercise No. 8 - System architecture, PBS (team assignment)
· White Paper Presentations from Project Teams
Session 8: Midterm March 4, 2009
· Midterm
Session 9: Systems Analysis – March 11, 2010
· Reading (before the class session)
· INCOSE: Chapter 5.5 Decision – Making Process; Appendix L: Systems Engineering Analyses Activities 
· DAU : Chapter 12 
· NASA (2007): Sections 6.8; Appendix O
· Lecture Topics (Systems Analysis)

· Trade Studies 
· Trade Study Matrix & Utility Curves
· Kepner Tregoe Trade Methodology
· AHP Trade Methodology
· Effectiveness Analysis
Session 10: System Integration & Interface Analysis  – March 25, 2010
· Readings (before the class session):
· INCOSE: Section 4.6; Appendix N
· NASA: Section 5.1 & 5.2; Appendix H & L 
· DAU: Figure 2-4; Chapter 2
· Assignment Due:

· Exercise No. 12 - Specialty Engineering (team assignment) 
· Lecture Topics (System Integration)

· System Integration
·  Interface Analysis
Session 11: Verification and Validation – April 1, 2010
· Reading (before the class session):
· INCOSE: Chapter 4.7, 4.8, 8.9 & 8.10  Verification & Validation
· NASA (2007): Sections 2.4, 5.3, 5.4, 5.5; Appendixes D,E, I
· DAU: Chapter 7
· Assignments Due:

· Exercise No. 9 - Trade Study, Utility curves (team assignment)

· Lecture Topics (Verification, Validation and Test)

· Verification
· Validation
· Test 
· Transition

Session 12: Design for Operational Feasibility – April 8, 2010
· Readings (before the class session)
· INCOSE: Chapter 9: Specialty Engineering Activities; Appendix M: Human Systems Integration; Chapter 8: Systems Engineering Support Activities
· Assignments Due:

· Exercise No. 10 - VCRM (team assignment)
· Lecture Topics (Design for Operational Feasibility)

· Reliability

· Availability

· Maintainability


Session 13: Specialty Engineering – April 15, 2010
· Readings (before the class session):
· INCOSE: INCOSE: Chapter 9: Specialty Engineering Activities; Appendix M: Human Systems Integration; Chapter 8: Systems Engineering Support Activities
· NASA: Chapter 7.4 & 7.5 
· Assignment Due:

· Exercise No. 11 - Reliability (individual assignment)
· Lecture Topics (Specialty Engineering – Cont’d)
· Supportability, Sustainment & Logistics
· Human  Systems Integration
· Safety
· System Security & Information Assurance
· Manufacturing & Production
· Disposal
· Open Systems Approach
· COTs/NDI
Session 14: Risk Analysis – April 22, 2010
· Reading (before class session)
· INCOSE: Chapters 5.6 & 7.3 Risk and Opportunity Process and Management
· DAU : Chapter 15 
· NASA (2007) : Section 6.4; Appendix G
· Assignments Due:
· Exercise No 13 – Integration & Interface (team assignment) 

Lecture Topics

· Technical Risk Assessment & Analysis

Session 15: Next Steps & Team Presentations (Cont.)  – April 29, 2010
· Submit two (2) copies of specification for review and grade

· Team Presentations of a System Specification 
· Assignment Due:

· Exercise No. 14 – Technical Risk Assessment & Analysis (team assignment)

Session 16: Final Exam – May 6, 2010
· Final Exam

International Council of Systems Engineering (INCOSE) The International Council on Systems Engineering is a not-for-profit membership organization founded in 1990. INCOSE is an international authoritative body promoting the application of an interdisciplinary approach and means to enable the realization of successful systems. http://www.incose.org/. INCOSE’s interests span all disciplines.
UNIVERSITY OF SOUTHERN CALIFORNIA 
 SYSTEMS REQUIREMENT DOCUMENT TEAM PROJECT

INSTRUCTIONS & REQUIREMENTS

RATIONALE:  
      Product requirements are documented through a series of specifications.  The single most important engineering design document, defining the system functional baseline including the results from the needs analysis, feasibility analysis, operational requirements and the maintenance concept, top level functional analysis and allocation and identifying critical key performance parameters (KPPs) is the Systems Specification.
Selection of the project may be based on the Students’ own development or possible related to one or more of the students’ area of work.  The aim of the team systems specification project is to allow each student to apply the course concepts in a real world application.  

The following guidelines should be observed.

How to Select a Team Project:  First, examine possible problems to be solved / topics based upon a discussion with your team members and your instructor; you may have a number of very workable problems available to you.  
The more critical items to consider in selecting the topical area for your project are:

1. You are interested in the problem to be solved or a project’s concept(s).  Reminder you will use the project throughout this course.

2.  There is enough substance to the problem, i.e. a system level.
3. Existing systems are not allowed. The project should be based on a new and hypothetical system.
Students may draw upon a problem related to his/her work, provided these conditions are met:

4. The choice of the project must not involve disclosure of proprietary information or other data of a proprietary nature peculiar to the organization. 

5. Proprietary problem or projects should be avoided. 
Selection of Team Members:
The information you provided in the STUDENT PROFILES is used for creating the Project Teams.  Several criteria will be used, 

Including

· Similarity of interest or industry in which team members are employed

· Diversity in level of systems engineering experience and of academic study
Note:  Optionally the students may wish to organize their own teams with minimum instructor intervention.
What is Expected of Each Team? What Should Each Project Artifact Entail?
The “white paper presentations” for the SPECIFICATION is due in Session #7.  The final project is due Session #14 and presentations shall be made in Sessions #15.  Each team shall present its report to the rest of the class.  The observing students and the instructor shall play the role of senior corporate managers performing an internal design review.  You are encouraged to comment or ask or ask questions of the project team making the presentation. Your instructor shall also be the moderator.  The use of visual aids or handouts is up to the discretion of the presenting teams.  

It is strongly suggested that you set up a schedule for your project’s completion.  This is not only good practice; it will give you a sense of what a schedule means.
Session #7  – Initial “White Paper” Presentation

After getting together and selecting a project, each team shall develop a top-level “White Paper” proposal, which should incorporate the following elements, Subject matter, Team members, Table of Contents, Scope& Feasibility including Statement of the Need or Problem, Applicable Documents, and preferably the team’s approach for demonstrating they know how to write a systems specification. This presentation simulates the act of “defining the problem” and “performing the process planning” of the project:
The “paper” shall be orally presented to the class in any form or media the presenting team decides.  Much of the content developed for this session’s presentation should be salvageable for final plan or specification.

Session #15   – Final Presentations

This presentation highlights the important “How To” points of the written SPECIFICATION, which shall be submitted in Session 15.   

Each team member will be asked to assess each other’s contribution as the team’s products. This assessment will be objective so that there will be no objective assessment of performance.
By all means, if you have questions on the level of detail, formats, expected standards, or any other aspect of the term paper, please ask.
Systems Architecting and Engineering Program Research Paper Guidelines

Sources :
Students must properly reference all sources.  SAE Program uses the turnitin.com service to look for matches with existing books, magazine and newspaper articles, journals, prior student papers, and all Internet sources.




If a student directly quotes text from a source, they must properly designate quoted material “in quotation marks” or in italics, and give a citation for each quotation via a footnote or a numbered reference. Please do not use in-text (author-date) notation for citations. The amount of quoted text relative to the total text in your paper should be kept to a minimum-- if excessive; this will detract from the paper’s grade.




WARNING:  Failure to properly designate copy-and-pasted text will be considered as a violation of academic integrity (see University Policy Statements at the beginning of this syllabus). This includes quotations from your prior papers (e.g. from SAE 549 or other classes)!



Remember students can build on their own work from other classes, and from other authors’ works, as long as they properly cite those references.  The student must not directly copy text from those sources (unless properly marked and cited as a quotation).  Instead, you must add value by restating such work in your own words plus your own enhancements, such that the combination has enhanced relevance to this class.




The student can directly copy graphics, tables, or figures if they give a citation for each copied item via a footnote or a numbered reference.  Although there is no limitation on the amount of copied items, the student’s own artwork-- however crude yet clearly legible and illustrative-- is always acceptable.
Formatting
You will find that artifact formats will vary from reference to reference and will differ from the formatting in the lecture notes. In these cases, use the formatting found in the lecture notes.  Call the instructor if you have any questions about formatting. 

Limits:

The SAE Program cannot accept a request to limit access to abstracts or research papers.  Although the plan is not to disseminate student’s work without their permission, The SAE Program cannot guarantee that other people (including non-US citizens) will not view or handle your submitted materials.  Thus student must not use classified, proprietary or company limited-distribution materials in their coursework. If a student’s employer requires review and approval for their submitted materials (e.g. Public Affairs Office or Export Compliance Review) then the student must obtain such approval within the deadlines listed in this syllabus. As the approval practices in many companies may be time consuming, the best practice is not to use company material at all.”

Reference: Ken Cureton
