ENG 9861  HIGH PERFORMANCE COMPUTER ARCHITECTURE
Course Outline
Memorial University of Newfoundland

St.John's   Canada   A1B 3X5
Winter 2007  ::  RV
------------------------------------------------------------------------------------------------------------------------

Instructor: 
 
Dr.  R. Venkatesan  EN-4036  737-8900    venky@engr.mun.ca

Teaching Assistant:  Wang Guan  EN-4029 wangguan@engr.mun.ca

Classes:
 
Mondays, Wednesdays and Fridays 10 to 11 AM  EN-4033




Only in February, extra lecture: Fridays 12 noon to 1 PM

Textbook: 

Parallel Computer Architecture: A Hardware/Software Approach by  Culler, Singh & Gupta, Morgan Kaufmann Publishers, 1999

Project: 

Every student should select an area, in consultation with the supervisor, before January 31st, go through reference material (books, at least two journal papers, magazine papers, white papers and reports available on the web, etc.) and write a comprehensive report before March 23rd.   Each student should present a 15-minute seminar that would capture the main points in their project during the second half of March. Plagiarism will not be tolerated.
Tentative course outline: (some of these topics will be covered in guest lectures and student seminars)

· High performance single processor and parallel processors; examples and the current state-of-the-art.  Why parallel architectures?  Introduction to convergence of parallel architectures.  Fundamental design issues.

· Concepts of parallelism: terms and definitions, scalability and speed-up, metrics and measures. Review of technological issues: state-of-the-art of VLSI technology, processor technologies including RISC and CISC scalar processors, superscalar processors and vector processors, bus architecture and memory hierarchy including cache and interleaving, pipelining.  

· Shared Memory Multiprocessors:  Cache coherence and memory consistency.  Protocols and synchronization.  Snoop-based multiprocessors and sample systems.

· Scalability revisited.  Massively parallel processing. Communication issues.  Implications for parallel software.

· Software for parallel programming:  models, languages, compilers, environments, kernels and operating systems.

· Cluster systems, reconfigurable processors, dataflow and multithreaded architectures

· Future trends.

Evaluation scheme:



Assignments (4 or 5): 



10 %




Project report: 



20 % 




Oral Presentation:   



10 %




Midterm test (tentatively, Feb. 19):

15 %  




Final exam (before Apr. 18): 


45 %

Reference Material: 

1. Computer architecture: a quantitative approach (Third Edition)  by   John Hennessy and David Patterson, Morgan Kaufmann Publishers, 2001 – provides good background that is needed for the course.

2. Schaum’s outline on Computer Architecture  by  N. Carter, McGraw Hill, 2002 – a low-cost (~$20) book that could be considered notes for the above book.

3. Computer organization: the hardware / software interface (Second Edition)  by  D. Patterson and J. Hennessy, Morgan Kaufmann Publishers, 1998 – basics.

4. Computer organization and architecture: designing for performance (Seventth Edition)  by  W. Stallings, Prentice Hall, 2006 – covers basic topics and introduces advanced topics.

5. Essentials of computer architecture   by   D.E. Comer, Prentice Hall, 2005.

6. Readings in computer architecture  by  M.D. Hill, N.P. Jouppi and G.S. Sohi, Morgan Kaufmann Publishers, 1999 (with Web component accessible to all) http://www.mkp.com/books_catalog/catalog.asp?ISBN=1-55860-539-8
7. Computer organization and architecture: advanced computer architecture, volume 2, by   H. El-Rewini and M. Abd-el-Barr, Wiley, 2005.

8. Computer organization and architecture  by  L. Null and J. Lobur, Jones and Bartlett, 2003 – covers basic topics and introduces advanced topics.

9. Advanced computer architecture: parallelism, scalability and programmability   by Kai Hwang, McGraw Hill, 1993 – somewhat old, but standard, reference text.

10. Advanced computer architectures: a design space approach  by  D. Sima, T. Fountain and P. Kacsuk,  Addison Wesley, 1997

11. Advanced computer architecture: a systems design approach  by  R.Y. Kasin,  Prentice Hall, 1996

12. Computer Systems Architecture: a networking approach  by  Rob Williams, Addison Wesley, 2001

13. Computer architecture: a designer’s text based on a generic RISC by James Feldman and Charles Retter, McGraw Hill, 1994 

14. Computer and digital system architecture by William Murray, Prentice Hall, 1990

15. Introduction to parallel computing: design and analysis of algorithms  by  V. Kumar, A. Grama, A. Gupta and G. Karypas, Bejamin Cummings, 1994 

16. Introduction to parallel algorithms and architectures: arrays, trees and hypercubes  by F.T. Leighton, Morgan Kaufmann, 1992

17. Parallel algorithms and architectures  by M. Cosnard and D. Trystram,  International Thomson Computer Press,  1995

18. High performance compilers for parallel computing  by  Michael Wolfe,  Addison Wesley, 1996

19. Designing and building parallel programs: concepts and tools for parallel software engineering  by  I.T. Foster,  Addison Wesley, 1995

20. Proceedings of conferences: Annual International Conference on Computer Architecture, Annual International Symposium on Parallel Processing, Annual Hot Chips conference, Annual High Performance Computing conference, and Annual Massively Parallel Structures conference

21. Transactions, Journals, and Magazines: IEEE Computer, IEEE Transactions on Computers, IEEE Design and Test, IEEE Transactions on Parallel and Distributed Systems, Communications of ACM, ACM Transactions on Computer System,  IEEE Micro, IEE Proceedings Volume E: Computer and Digital Techniques, IEEE/ACM Transactions on Networking

Sample project titles:

1. Multicore architectures.

2. Architectural security systems.

3. Heterogeneous cluster computers.

4. System area networks for cluster computing.
5. Communication architecture for cluster computers.

6. Multithreaded processors

7. Massively parallel processing example systems

8. Hyperthreading in microprocessors

9. VLIW processors

10. Dataflow processors

11. Complex pipelined architectures

12. Programming for performance

13. Workload-driven evaluation

14. Hardware/software tradeoffs

15. Directory-based cache coherence

16. Interconnection networks in multiprocessors

17. Hypercubes, k-ary n-cubes and tori

18. A sample multicomputer system (actual system must be identified)

19. A sample high performance processor (actual system must be identified)

20. Comparative analysis of reconfigurable multi-processors

21. Neural network hardware

22. Computer architecture simulation methodologies

23. Any other relevant topic

