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University Graduate Committee

Graduate Curriculum

Proposal for New Graduate Course

1. New course effective with what term and year? (i.e., Fall 2008): 
Fall 2008
2. College: CENS
3. Department: EE
4. Course Subject/Catalog Number: EE 535
5. Units: 3
6. Co-convened with: EE 435
(Must be approved by UGC prior to submission to UCC. Both course syllabi must be submitted.)
7. Cross-listed with:      
(Must be approved by UGC prior to submission to UCC. Both course syllabi must be submitted.)
8. Long Course Title: Error Correcting Codes
9. Short Course Title (30-character maximum, including spaces): Error Correcting Codes
10. Catalog Course Description (60-word maximum): Linear block codes, decoding and encoding. Hamming distance, error correction capabilities, convolutional codes, maximum-likelihood decoding and the Viterbi algorithm. Iterative decoding and design of  turbo codes and low-density parity-check codes.
11. Grading Option:    FORMCHECKBOX 
 letter grade

 FORMCHECKBOX 
 Pass/Fail

 FORMCHECKBOX 
 Both

12. May this course be repeated for additional units?

 FORMCHECKBOX 
 Yes

 FORMCHECKBOX 
 No

12.b. If yes, what are the maximum units allowed?      
12.c. If yes, may course be repeated from additional units in the same term?









 FORMCHECKBOX 
 Yes

 FORMCHECKBOX 
 No

13. Please check ONE of the following that most accurately describes the format of the course:

 FORMCHECKBOX 
 Lecture Only

 FORMCHECKBOX 
 Lab Only

 FORMCHECKBOX 
 Lecture and Lab Combined

 FORMCHECKBOX 
Clinical

 FORMCHECKBOX 
 Research


 FORMCHECKBOX 
 Seminar

 FORMCHECKBOX 
 Field Studies

 FORMCHECKBOX 
 Independent Study

 FORMCHECKBOX 
 Activity

 FORMCHECKBOX 
 Supervision


13b. If the course will be delivered electronically, check ONE of the following:



 FORMCHECKBOX 
 Web



 FORMCHECKBOX 
 ITV



 FORMCHECKBOX 
 Other (hybrid, for example). Please explain:      
14. Prerequisites: (must be completed before taking proposed course): EE 110 and EE 348
15. Corequisites: (must be completed with proposed course):      
16. If course has no requisites, what consent will be required for all sections?
(Check only one.)


 FORMCHECKBOX 
 Instructor Consent



 FORMCHECKBOX 
 Department Consent



 FORMCHECKBOX 
 No Consent Required.

17. Justification for new course (including unique features, if any): This course, offered as EE 599 (co-convened with EE 490) in Fall 2007, covers core subject matter in communications and networked systems, which are in turn central to modern Electrical Engineering theory and the design of myriad products and systems employing communication and storage media.  It will be an important professional elective course for EE majors.  
The course lectures apply to both undergraduate and graduate students. 

 Homework: Both undergraduate and graduate students are expected to do homework and project components of this course.  Each homework assignment has extra problems included specifically for the EE 535 students.  These extra problems explore theoretical aspects of the course in much greater depth.  EE 535 homework assignments consist of approximately 33% more work than undergraduate homework assignments, as well as requiring greater theoretical understanding, and are graded accordingly.   

Mini-Project: Each mini-project similarly has a section designated for EE 535 students only.  This section examines new aspects of this project, which may have a more theoretical orientation or may explore implementation aspects of the project.  This additional graduate section requires approximately 50% more work above that required for the undergraduate students, and are graded accordingly.  

Final Project: The final project for EE 535 students, on a topic of their choice, is expected to have both a thorough literature review and a research and/or simulation component.  The literature review must include at a minimum two IEEE journal articles or IEEE-sponsored conference papers.  Furthermore, EE 535 students are expected to include some theoretical analysis of the coding system explored in their final project.   The graduate student final project comprises roughly 33-50% more work than the undergraduate final projects, which may be either a literature review or a simulation project, but are not required to include both components; graduate final projects are graded accordingly.  The EE 535 final project report will be held to a higher level of professionalism that the EE 435 final project reports, with respect to both content and style.  Greater theoretical understanding and insight into the final project material should be exhibited in the EE 535 final project report.

Class Lecture/Leadership: Graduate students are also expected to present one class lecture on a topic chosen from a list provided by the instructor.   EE 535 students are expected to thoroughly research the topic, provide a list of references at the end of their lecture, and answer questions.  The lecture may be a slide presentation, or whiteboard lecture, and may include an interactive component with the class.  EE 535 students are also expected to take a leading role in class discussions; a percentage of the course lecture/leadership score will come from class participation.  

EE 535 students are required to attend eight EE 698 graduate seminar presentations and write a report on two of the seminars, just as for EE 435 students.  However, EE 535 reports will be held to a higher level of professionalism, with respect to both content and style.  The EE 535 reports should express both a more detailed understanding of and greater insight into the seminar material.
18.
Is this course required for a new plan?
 FORMCHECKBOX 
 Yes

 FORMCHECKBOX 
 No
If plan has not been approved, you must also submit a plan form that includes the addition of this course.
18.b. If yes, has the plan been approved?
 FORMCHECKBOX 
 Yes

 FORMCHECKBOX 
 No

18.c. When?      
18.d. Name of plan:      
19. Does this course duplicate content of existing courses?
 FORMCHECKBOX 
 Yes

 FORMCHECKBOX 
 No


19.b. If yes, list every course with duplicate material and estimate the percentage of duplication.      
Letters of support from each department with a course listed above must accompany this form.
20. Will this course affect other academic plans, units, or enrollment?  FORMCHECKBOX 
 Yes
 FORMCHECKBOX 
 No

Letters of support from each department affected must accompany this form.
21. Names of current faculty qualified to teach this course: Sheryl Howard, Paul Flikkema, Niranjan Venkatraman
22. If this course requires additional faculty, space, or equipment, how will these requirements be met?      
23. Will present library holdings support this course?
 FORMCHECKBOX 
 Yes

 FORMCHECKBOX 
 No

24. Approvals

_____________________________________________________________________
Department Chair (if appropriate)






Date

_____________________________________________________________________
Chair of college curriculum committee






Date

_____________________________________________________________________
Dean of College








Date

For University Graduate Committee use only

Approved: ___________________________________________________________










Date

EE 535 – Error-Correcting Codes:  Course Syllabus 

General Information

· College of Engineering and Natural Sciences, Electrical Engineering Dept

· EE 535: Error-Correcting Codes

· Fall 2007

· Class Schedule: TTh 12:45-2 PM, 3 credit hours

· Instructor: Dr. Sheryl Howard

· Instructor’s Office: Room 261, Engineering Bldg 69

· Office hours:  5 hours per week, TBA in class

· Instructor’s email: sheryl.howard@nau.edu
Course prerequisites: EE 110 and EE 348.  Good Matlab and C programming skills are expected.  Familiarity with the following mathematical skills: complex arithmetic, linear algebra and integration.

Course description: 

Linear block codes, decoding and encoding. Hamming distance, error correction capabilities, convolutional codes, maximum-likelihood decoding and the Viterbi algorithm. Iterative decoding and design of  turbo codes and low-density parity-check codes. 

Student Learning Expectations/Outcomes for this Course:

 Students will learn the principles of error-correcting codes and their application to communications systems with noise.  Students will be able to design both encoders and decoders for linear block codes, convolutional codes and understand the principles of maximum likelihood decoding, Viterbi decoding and maximum a priori decoding for iteratively-decoded codes.  Basic error-correcting code properties such as minimum distance, error-correcting and detecting ability, and code rate will be understood.

Course structure/approach:

This course is a co-convened course, taught with EE 435.  This course is a project-based course, rather than exam-based.  Each course component is described below in detail, including expectations of EE 535 students in comparison to EE 435 students.

· Mini-Projects: Two projects are assigned during the course, involving programming ECC encoders and decoders in Matlab or C, and simulating their performance in various channels.  One month is allowed for the completion of each project.  An extra section is designated for EE 535 students only, which examines aspects of the project in more detail, with a more theoretical orientation or exploring implementation aspects.  

· Final Projects: A final project, chosen by the student from a list of topics provided by the instructor, is completed at the end of the semester, with both an oral presentation and a project report.  EE 535 students must include both a thorough literature review and a research/simulation component in their final project.   The literature review must include at a minimum two IEEE journal articles. Some theoretical analysis of the coding system explored in the final project is expected of EE 535 students. The EE 535 final project report will be held to a higher standard of professionalism than the EE 435 final project reports, both with respect to content and style.  Greater theoretical understanding and insight into the final project material should be exhibited in the EE 535 final project report.

· Homework:  Homework assignments will augment the lectures and projects.  Extra problems in the homework assignments are designated for EE 535 students only.  These EE 535 homework problems will explore theoretical aspects of the course material in greater depth.  Graduate homework assignments require approximately 33% more work than the EE 435 homework assignments, as well as requiring greater theoretical understanding, and are graded accordingly.  

· Class Lecture/Leadership: Graduate students are also expected to present one class lecture on a topic chosen from a list provided by the instructor.  EE 535 students are expected to thoroughly research the topic, provide a list of references at the end of their lecture, and answer questions.  The lecture may be a slide presentation, or whiteboard lecture, and may include an interactive component with the class. EE 535 students are also expected to take a leading role in class discussions; a percentage of the course lecture/leadership score will come from class participation. 

· Seminar Attendance and Reports: Seminar attendance and report requirement is identical to that of EE 435 students: attend eight EE 698 graduate seminar presentations and write a report about two of the seminars.  However, EE 535 students will be held to a higher standard of professionalism in their reports, both with respect to content and style.  Their reports should express both a more detailed understanding of and greater insight into the seminar material.

Textbook and required materials:

``Error Control Coding,'' 2nd edition, Lin and Costello, Pearson Prentice Hall, 2004. 

Recommended optional materials/references: 

 ``Trellis and Turbo Coding,'' Schlegel and Perez, IEEE Press,  2004.

 ``Information Theory, Inference, and Learning Algorithms,'' MacKay, Cambridge University Press, 2003.

``Digital Modulation and Coding,'' Wilson, Pearson Prentice Hall, 1996.

``Error Control Systems for Digital Communication and Storage,'' Wicker, Prentice Hall, 1995.
Course outline:

 The proposed schedule below is a guideline only and is subject to change.  Supplementary topics may be included at the instructor's discretion.

Week 1:  Motivation for Coding, Noise in Communications Systems;             Ch. 1, Lin & Costello

Week 2: Probabilistic Channels, Modulation;                                                    Ch. 1, Lin & Costello

Week 3: Probability of Error, Channel Capacity;                                               Ch. 1, Lin & Costello

Week 4: Block Codes: Encoding, Minimum Distance, Decoding                     Ch. 3, Lin & Costello

Week 5: Performance Analysis; Repetition and Hamming Codes                     Ch. 3 and 4, Lin & Costello

Week 6: Convolutional Codes: Encoding, Catastrophic Codes                          Ch. 11, Lin & Costello

Week 7: Convolutional Codes: State Diagrams, Trellises                                   Ch. 11, Lin & Costello

Week 8: Maximum-Likelihood Decoding, the Viterbi Algorithm                       Ch. 12, Lin & Costello

Week 9: Performance Bounds                                                                              Ch. 12, Lin & Costello

Week 10: Soft-Decision Decoding: Maximum A Posterior Decoding                Ch. 14, Lin & Costello

Week 11: Iterative Decoding, MAP Decoders                                                     Ch. 14, Lin & Costello

Week 12: Turbo Codes: Encoding and Decoding                                                Ch. 15, Lin & Costello

Week 13: Low-Density Parity Check (LDPC) codes, Sum-Product Decoding   Ch. 17, Lin & Costello

Week 14: LDPC Encoding and Code Design; Min-Sum Decoding                    Ch. 17, Lin & Costello

Week 15:  Final Project Preparation

Week 16: Finals Week: Final Presentations; Project Report Due       

Assessment of Student Learning Outcomes:

This course is project-based, rather than exam-based. There will be two mini-projects and one final project

assigned during the semester.  Assessment of student learning is based on the following components:
· Methods of Assessment:  (please see Course Structure/Approach previously for more detailed expectations of each course component)

1. Projects:  Two mini-projects, including EE 535-specific section; one month allowed for completion of a report on each.  One final project, with both an oral presentation and a written report component; six weeks allowed for final project. Final project must include a thorough literature review on a specific topic as well as a  research/simulation component.  Your references must include a minimum of two IEEE journal articles from either the IEEE Transactions on Communications, Information Theory, Signal Processing or Wireless Communications and Networking, or the IEEE Communications Magazine, or conference proceedings from an IEEE-sponsored conference.

2. Homework: EE 435 assignment as well as extra problems for EE 535 

3. Course Lecture/Leadership: EE 535 students will present one course lecture on a topic chosen from a list proved by the instructor.  EE 535 students are also expected to participate and take a leading role in any class discussions.  

4. Seminar Attendence and Reports:  Students are required to attend eight graduate seminar presentations and write a report about two of the presentations.

· Timeline for Assessment:  The timeline for all components is shown below:

Mini-Project 1                                        Due approximately 6th week

Mini-Project 2                                        Due approximately 10th week

Final Project Report                               Due finals week

Final Project Presentation                      Last week of classes

Homework                                             Approximately every other week

Course Lecture by students                   Once during second half of course

Seminar Attendance and Reports          Reports due week 15
Grading System:

This course is project-based, rather than exam-based. There will be two mini-projects and one final project

assigned during the semester. The course grade is based on the projects, presentation and written report on the final project, homework and graduate seminar attendance and reports, according to the table below.

Mini-Project 1                                        150 points    

Mini-Project 2                                        150 points     

Final Project Report                               150 points     

Final Project Presentation                        75 points      

Homework                                             150 points

Course Lecture/Leadership                     75 points

Seminar Attendance and Reports            50 points     

Total Points                                           800 points
Grading Rubric:

Final grades will be determined by the following percentages: 

A=90+%, B=80-89%, C=70-79%, D=60-69%, F=below 60%.

However, at the professor's discretion, grading cutoffs may be lowered slightly.
Course policy: 

· Late Work: Assignments are due when specified.  Late homework will only be accepted until solutions are posted (typically two days past the due date), and will be penalized by 10% off.  Late project reports will only be accepted for one week past the due date, and will be penalized by 20% off.  The final project presentation is due when scheduled, as is the final project report.  No late final project reports will be accepted.  Seminar reports are due two weeks before finals.

· Attendence: You are expected to attend class regularly and contribute to all class discussions, taking a leading role in such discussions.  Attendence at the final project presentations is mandatory for the entire length of the presentations.

· Office Hours:  Office hours will be announced in class and posted on the course website.  If your schedule conflicts with my office hours, email me at sheryl.howard@nau.edu to make an appointment.  If you have questions on the course material, please contact me as soon as you can for assistance.
· Cell Phone Use in Class: If you have a cell phone or beeper, please turn it to silent mode.  You should not make calls during class.  You should not text message in the classroom.  If you do receive an emergency call, ask to be excused so that you can take it outside the classroom.

· Academic Dishonesty: Incidents of cheating or plagiarism are treated seriously.  The NAU policy on academic dishonesty in Appendix G of the current Student Handbook (linked on the course website) applies in these situations.
University policies:  

Links to the following policies are posted on the course website, and are also available at http://jan.ucc.nau.edu/academicadmin/plcystmt.html
· Academic Integrity

· Accommodation of Religious Observance and Practice

· Classroom Management

· Institutional Review Board

· Safe Working and Learning Environment

· Students with Disabilities
EE 435 – Error-Correcting Codes:  Course Syllabus 

General Information

· College of Engineering and Natural Sciences, Electrical Engineering Dept

· EE 435: Error-Correcting Codes

· Fall 2007

· Class Schedule: TTh 12:45-2 PM, 3 credit hours

· Instructor: Dr. Sheryl Howard

· Instructor’s Office: Room 261, Engineering Bldg 69

· Office hours:  5 hours per week, TBA in class

· Instructor’s email: sheryl.howard@nau.edu

Course prerequisites: EE 110 and EE 348 or equivalent.  Good Matlab and C programming skills are expected.  Familiarity with the following mathematical skills: complex arithmetic, linear algebra and integration.

Course description: 

Linear block codes, decoding and encoding. Hamming distance, error correction capabilities, convolutional codes, maximum-likelihood decoding and the Viterbi algorithm. Iterative decoding and design of  turbo codes and low-density parity-check codes. 

Student Learning Expectations/Outcomes for this Course:

 Students will learn the principles of error-correcting codes and their application to communications systems with noise.  Students will be able to design both encoders and decoders for linear block codes, convolutional codes and understand the principles of ML decoding, Viterbi decoding and MAP decoding for iteratively-decoded codes.  Basic error-correcting code properties such as minimum distance, error-correcting and detecting ability, and code rate will be understood.

Course structure/approach:

This course is a co-convened course, taught with EE 535.  This course is a project-based course, rather than exam-based.  Two projects are assigned during the course, involving programming ECC encoders and decoders in Matlab or C, and simulating their performance in various channels.  One month is allowed for the completion of each project.  EE 435 students are not required to complete the EE 535 portions of each project; however, they may do so for extra credit.  A final project, chosen by the student from a list of topics provided by the instructor, is completed at the end of the semester, with both an oral presentation and a project report.  EE 435 students may choose either a literature search or a simulation-based final project. Homework assignments will augment the lectures and projects.  EE 435 students are not required to do the EE 535 portions of  the homework assignments.  However, they may do so for extra credit.   Attendance at eight EE 698 graduate seminar presentations is required; students must write a report about two of the seminar presentations.

Textbook and required materials:

``Error Control Coding,'' 2nd edition, Lin and Costello, Pearson Prentice Hall, 2004. 

Recommended optional materials/references (attach reading list): 

 ``Trellis and Turbo Coding,'' Schlegel and Perez, IEEE Press,  2004.

 ``Information Theory, Inference, and Learning Algorithms,'' MacKay, Cambridge University Press, 2003.

``Digital Modulation and Coding,'' Wilson, Pearson Prentice Hall, 1996.

``Error Control Systems for Digital Communication and Storage,'' Wicker, Prentice Hall, 1995.

Course outline:

 The proposed schedule below is a guideline only and is subject to change.  Supplementary topics may be included at the instructor's discretion.

Week 1:  Motivation for Coding, Noise in Communications Systems;            Ch. 1, Lin & Costello

Week 2: Probabilistic Channels, Modulation;                                                   Ch. 1, Lin & Costello

Week 3: Probability of Error, Channel Capacity;                                              Ch. 1,Lin & Costello

Week 4: Block Codes: Encoding, Minimum Distance, Decoding                     Ch. 3,Lin & Costello

Week 5: Performance Analysis; Repetition and Hamming Codes                     Ch. 3 and 4, Lin & Costello

Week 6: Convolutional Codes: Encoding, Catastrophic Codes                         Ch. 11, Lin & Costello

Week 7: Convolutional Codes: State Diagrams, Trellises                                  Ch. 11, Lin & Costello

Week 8: Maximum-Likelihood Decoding, the Viterbi Algorithm                     Ch. 12, Lin & Costello

Week 9: Performance Bounds                                                                             Ch. 12, Lin & Costello

Week 10: Soft-Decision Decoding: Maximum A Posterior Decoding               Ch. 14, Lin & Costello

Week 11: Iterative Decoding, MAP Decoders                                                    Ch. 14, Lin & Costello

Week 12: Turbo Codes: Encoding and Decoding                                                Ch. 15, Lin & Costello

Week 13: Low-Density Parity Check (LDPC) codes, Sum-Product Decoding   Ch. 17, Lin & Costello

Week 14: LDPC Encoding and Code Design; Min-Sum Decoding                    Ch. 17, Lin & Costello

Week 15:  Final Project Preparation

Week 16: Finals Week: Final Presentations; Project Report Due       

Assessment of Student Learning Outcomes:

This course is project-based, rather than exam-based. There will be two mini-projects and one final project assigned during the semester.  Assessment of student learning is based on the following components:

· Methods of Assessment:

5. Projects:  Two mini-projects; one month allowed for completion of a report on each.  One final project, with both an oral presentation and a written report component; six weeks allowed for final project. Final project may be either a literature search on a specific topic or a simulation-based project.

6. Homework

7. Seminar Attendence and Reports:  Students are required to attend eight graduate seminar presentations and write a report about two of the presentations.

· Timeline for Assessment:  The timeline for all components is shown below:

Mini-Project 1                                        Due approximately 6th week

Mini-Project 2                                        Due approximately 10th week

Final Project Report                               Due finals week

Final Project Presentation                      Last week of classes

Homework                                             Approximately every other week

Seminar Attendance and Reports          Reports due week 15

Grading System:

This course is project-based, rather than exam-based. There will be two mini-projects and one final project assigned during the semester. The course grade is based on the projects, presentation and written report on the final project, homework and graduate seminar attendance and reports, according to the table below.

Mini-Project 1                                        100 points    

Mini-Project 2                                        100 points     

Final Project Report                               100 points     

Final Project Presentation                        50 points      

Homework                                             100 points    

Seminar Attendance and Reports            50 points     

Total Points                                           500 points

  Final grades will be determined by the following percentages: 

A=90+%, B=80-89%, C=70-79%, D=60-69%, F=below 60%.

However, at the professor's discretion, grading cutoffs may be lowered slightly.

· Course policy: 

· Late Work: Assignments are due when specified.  Late homework will only be accepted until solutions are posted (typically two days past the due date), and will be penalized by 10% off.  Late project reports will only be accepted for one week past the due date, and will be penalized by 20% off.  The final project presentation is due when scheduled, as is the final project report.  No late final project reports will be accepted.  Seminar reports are due two weeks before finals.

· Office Hours:  Office hours will be announced in class and posted on the course website.  If your schedule conflicts with my office hours, email me at sheryl.howard@nau.edu to make an appointment.  If you have questions on the course material, please contact me as soon as you can for assistance.

· Cell Phone Use in Class: If you have a cell phone or beeper, please turn it to silent mode.  You should not make calls during class.  You should not text message in the classroom.  If you do receive an emergency call, ask to be excused so that you can take it outside the classroom.

· Academic Dishonesty: Incidents of cheating or plagiarism are treated seriously.  The NAU policy on academic dishonesty in Appendix G of the current Student Handbook (linked on the course website) applies in these situations.

University policies:  

Links to the following policies are posted on the course website, and are also available at http://jan.ucc.nau.edu/academicadmin/plcystmt.html

· Academic Integrity

· Accommodation of Religious Observance and Practice

· Classroom Management

· Institutional Review Board

· Safe Working and Learning Environment

· Students with Disabilities

