SAE 542 ADVANCED TOPICS IN SYSTEMS ENGINEERING (3 units) Spring semester, 2010;   Mondays, 6:40 – 9:20PM
Syllabus

usc.syllabus. rev 1/10
         Decision-based design, quantitative risk management, testing logic, graph theory applied to mathematical model management, systems resilience, software systems management, rational choice of technology development, space systems, planetary defense against comets and asteroids, biologically inspired systems concepts.    

Section 32303D for remote students;     

Section 32343D  for on-campus students;   OHE 100B; 

Sections to be held simultaneously;  off campus students may come to studio if they wish.

                 Instructor:   George Friedman

                      Email:   gfriedma@usc.edu;   georgejfriedman@yahoo.com 
                     Phone:    (818) 981-0225;  (818) 981-5297
                         Fax:    (818) 981-1917

                     Office:    GER 205;   hours: Mondays 2-4pm or by appointment
                         TA:    Phan Phan,  pphan@usc.edu    
Text:  George Friedman, Constraint Theory, Management of Multidimensional Mathematical Models, Springer, 2005

Prerequisite:     SAE 541 or equivalent

Course Objectives

The standard model of systems engineering -- described in texts such as Blanchard and Fabrycky’s Systems Engineering and Analysis, Prentice Hall -- is usually adequate to prevent most problems due to the complexity of modern complex system development.  However, the emerging discipline of systems engineering is still in a dynamic state of evolution and is in search of more rigorous and effective foundations.  More specifically, it is striving to advance from the present capability of providing adequate designs to a discipline which can provide optimized designs and to manage the ever increasing complexity of new system developments.
The purpose of this course is to present to the student several of the new frontiers of systems engineering which can expand the present state of the discipline to a more quantitative and rigorous capability.  Two major frontiers which can take systems engineering to the desired higher level are the application of decision theory to the design of systems as well as the management of testing and risk, and the application of graph theory to the management of multidimensional mathematical models.  Accordingly, these two subjects receive major attention in this course.  Other frontiers which will also be addressed include the rational choice of new technology investments, the interactions of software management with systems engineering, and methods to provide systems resilience thoughout the life cycle.  Additionally, issues in future space programs and biologically inspired systems concepts will be presented to the students.

In order to address the above subjects, it will be necessary to apply elementary probability theory, decision theory and graph theory.  Rapid overviews will be provided in the lectures to prepare the students to apply these methods – generally the easiest ten percent of the subjects will be covered – so that no previous courses or experience would be required.
Method of Instruction

      The course will be conducted employing a series of special lectures by the instructor and  invited guests.  All the lectures will be specifically prepared for this course and placed on the USC Distance Education Network (DEN) website  prior to the lecture, permitting the students to download them for pre-lecture study and reference during the lectures.   The material placed on the web will be a combination of copies of published papers and lecture notes, typically in the format of presentation charts or published papers.  
     All material that the students will be responsible for will be in the course text or will be available to them on the DEN website for SAE 542.
Schedule   (rearrangements may be necessary due to the availability of guest lecturers)

Week                                                                   Topics
  1                      Overview of the field of systems engineering, comparison to other engineering 

                          disciplines including industrial engineering, summary of the course, models for

                           the rational choice of technology investments.

 2,3,4,5                  The application of decision theory to the design of systems, 

                            the structure of testing, and quantitative risk management; 

                            fundamentals of discrete probability,  rational and intransitive preferences,                                                                                                                                                            
                            decision theory, the value of imperfect testing, true and false positives.                                                                                   

6,7,8                    The application of graph theory to the management of multi-dimensional

                            mathematical models; the value and difficulty of modeling on computers,

                            Common traps in attempting to develop well-posed computations from

                            complex math models, the application of bipartite graphs and constraint

                            matrices to mathematical metamodels, basic nodal squares as the kernel

                            of constraint and their location in circuit clusters, over- and under-constrained

                            computational requests; model remediation for computational flow.

  9                         Midterm exam; local students come to campus; remote students proctored 
10-13                   Additional case histories in space, bio-inspired systems, and resilience
 14                        Shorter advanced topics and course summary

 15                        Take home final due

Course Grading

The weights for the course grade will be:    50% homework, and 50% tests,   the tests will be equally weighted between midterm and final exam.

The midterm exam will be open book/notes and will take place on campus for local students, and proctored in the vicinity of remote students’ locations.

Approximately two weeks after the midterm, every student will receive a personal progress report which will provide the up-to-date statement of the student’s progress in the class.

The students will be graded on both accuracy and thoroughness.  Class participation will not be a factor in students’ grades, but opportunities for extra credit will be provided to all students and will afford students on the borderline between grades to improve their standing.   
Communication with the instructor and TA via phone, email and fax is available.

There will be several homework assignments throughout the course.  The schedule of handing out the assignments -- which will also be posted on the DEN website – will be provided in class..

Each homework assignment will be due one or two weeks after it is assigned.   The homework assignments will cover the areas of general systems experience, technology maturation, risk management, decision theory, bipartite graphs, and management of math models.  Late homework or exam rescheduling must be approved by the instructor in advance.  If homework is submitted after the instructor has provided the solutions to the class, deductions will be made in the score.

    The take-home final will be  posted on the DEN website two weeks before it is due.  The scope of the final will cover the material of the entire course.        The reason that the take-home format was chosen over the in-class final is that the type of questions asked requires far more time for a suitable response than would be possible for the limited time in-class format. 

Statement for 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 that the letter is delivered to me (or to a TA) as early as possible in the semester.   DSP is located in STU 301 and is open 8:30am -5pm, Monday through Friday.   The phone number for DSP is (213) 740-0776.

Statement on Academic Integrity

USC seeks to maintain an optimal learning environment.  General priniciples of academic honesty include the concept of respect for the intellectual property of others, the expection that individual work will be submitted unless otherwise allowed by an instructor, and the obligations both to protect one’s own academic work from misuse by others as well as to avoid using another’s work as one’s own.  All students are expected to understand and abide by these principles.  Scampus, the student guidebook, contains the Student Conduct Code in section 11.00, while the recommended sanctions are loccated in Appendix A: http://www.usc.dept/publications/SCAMPUS/gov/.   Students will be referred to the Office of suspicion of academic dishonesty. The review process can be found at:

http://www.usc.edu/student-affairs/SJACS/  
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