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Faculty of Engineering, Architecture and Science

Department of Electrical and Computer Engineering
Course Outline (F2016)

COE758: Digital Systems Engineering
	Instructor
	Name:

Office:

Phone:

Email:

Office hours:
	Lev Kirischian
ENG-432
(416) 979-5000 ext 6076
lkirisch@ee.ryerson.ca
Friday, 6:10 pm.
	


	Prerequisite 
Course
Website


	All required second and third year courses
http://www.ee.ryerson.ca/~lkirisch/coe758/coe758.htm

	Compulsory Texts
	1. David Patterson and John Hennessy, “Computer Organization and Design: The hardware / Software Interface”, 5-rd edition, Morgan Kaufmann Publishers Inc., San Francisco, CA  USA, ISBN-9780124077263


	Reference 

Text
	2.   Vincent Heuring and Harry Jordan, “Computer Systems Design and Architecture”, Second edition, Prentice Hall, Pearson Education Inc., NJ, 07458, ISBN 0-13-048440-7


	Calendar
Description
	This course covers the basics of advanced computing systems. The emphasis is in understanding the system architecture around the processor and the different components of modern digital systems. The course covers memory hierarchy including main memory, cache and virtual memory. It covers the interfacing of processors and peripherals including input / output devices: video-output subsystem and hard disk drives. The course gives classification of buses and description of major concepts of bus organization and protocols. It also describes the arbitration mechanisms and the concept of Direct Memory Access (DMA) utilized in modern buses.   

      The laboratory projects include design of IP-cores of custom on-chip modules for cache controller and video-signal generator for SVGA-monitor. Both projects include all major stages of on-chip design of custom digital systems: coding on VHDL hardware description language, compilation and design evaluation in Xilinx ISE CAD environment and hardware implementation on Xilinx Spartan FPGA platform.



	Learning
Objectives 


	At the end of this course, the successful student will be able to:

1. Understand the concepts of memory hierarchy organization and be able to apply this knowledge for the design of major architectural components of modern computer systems: cache memory, cache and main memory controllers, virtual memory elements and associated hardware/software drivers. (4a)
2. Describe principles of interfacing the processor with different types of Input / Output (I/O) devices, estimate bus bandwidth, select the most effective bus organization and design I/O device controllers & adapters for modern computer systems. (4b) 

3. Learn modern integrated CAD tools (e.g. Xilinx ISE) and Hardware Description Languages (e.g. VHDL) and apply the principles of on-chip hardware design: including symbol creation, top-bottom design, high-level synthesis of IP-core architecture for designing the on-chip (FPGA-based) IP-cores for cache controllers, main memory interfaces, I/O device controllers and interfaces to real-time peripheral devices.(4d)
4. Utilize the on-chip debugging techniques for modern FPGA-based hardware platforms (e.g. Xilinx Spartan FPGA devices), including synthesis and application of the on-chip test-vector generators, utilization of on-chip logic analyzers (e.g. Xilinx ChipScope), creation of the hardware emulation environment and systematic analysis of timing diagrams received from the on-chip logic analyzers.(5a) 
5. Integrate the on-chip (FPGA-based) IP-cores with the host computer and real-time peripheral device (e.g. SVGA video-display) and adjust timing parameters of the designed on-chip device controller.(4h)
6. Produce project reports using appropriate format of technical reports, grammar, and citation styles for technical and non-technical audiences. (7a)
Note: Numbers in parentheses (e.g. 4a) refer to the graduate attributes required by the Canadian Engineering Accreditation Board. For more information, see: http://www.feas.ryerson.ca/quality_assurance/accreditation.pdf


	Course
Organization
	3 hours lecture, 2 hours laboratory each week


	Course

Evaluation
	Lab Project 1
15%
Lab Project 2
15%

Mid-Term Test (week 8, covers material up end of week 7)
25%

Final Exam
45%



	Examinations
	Mid-Term Test, Final Exam


	Projects
	Students are required to develop the custom IP-cores on the base of Xilinx Spartan FPGA development platform. The goal is to apply the theoretical knowledge to on-chip system design and get practical experience in VHDL-coding, simulation and on-chip verification of the designed module. There are two projects associated with different aspects of the system-on-chip (SoC) design: i) IP-core design of the control-dominated circuit (Project 1: Cache Controller) and ii) IP-core design of the data-path dominated circuit (Project 2: Video-signal generator). For both projects the requirements are to demonstrate ability to write the VHDL-code, compile and simulate it in Xilinx ISE CAD environment, verify the behavior on the Xilinx Spartan FPGA development platform using on-chip instrumentation (Chip-Scope), demonstrate the complete IP-core performance and submit the project report. Additionally, Project 2 requires integration the FPGA platform with the real-time I/O device (SVGA video-monitor) and demonstrate working project in all modes of operation.  


	Course
Content
	The following table summarizes the lecture topics for the course. Numbers next to topics refer to the section numbers in textbook 1 (see course references) that cover the topic.


	Topic
	Sections
	Hours
	Topic, description

	Introduction
to the memory hierarchy in modern computing systems. 
	7.1

Additional technical documentation 
	6
	Introduction to COE 758

Scope and objectives

Management
· 1. The basic structure of memory hierarchy

· 2. Types of memory elements and their organization

· 3. Static and Dynamic RAM, structure and timing

· 4. Main memory and component basis: DRAM, 
EDO-DRAM, SDRAM, DDR-SDRAM, RDRAM 


	Cache Memory organization 
	7.2~7.3


	6
	· 1. Principles of locality and concept, terminology and organization of the cache memory
· 2. Direct mapped cache: principles of operation
· 3. Cache performance. Handling cache misses and writes

· 4. N-way set associative cache: principles of operation

· 5. Multi-level cache: concept and performance


	Virtual memory organization
	7.4~7.5
	6
	· 1. Virtual memory: concept, terminology and organization
· 2. Address translation and page replacement mechanisms
· 3. Fast address translation and TLB
· 4. Integrating virtual memory, TLB, cache and main memory


	Interfacing processor and peripherals

	8.1~8.2
	6
	· 1. Input / Output sub-system organization
· 2. A typical collection of I/O devices
· 3. Interfacing processor to I/O devices
· 4. Secondary storage: Hard Disk Drives (HDD) and flash memory – principles of operation and performance  
· 5. Video-output sub-system: displays, video-adapters and video-processors – principles of operation and performance 


	Busses 
	8.4
	6
	· 1. Classification of busses. Synchronization and handshaking
· 2. Synchronous and asynchronous buses. Bus protocols

· 3. Bus timing and bandwidth computation
· 4. Bus arbitration and Direct Memory Access (DMA)


	Interaction between CPU, I/O devices and memory
	8.5
	6
	· 1. Giving commands to I/O devices

· 2. Communicating with CPU. Interrupt priority levels 
· 3. Process of transferring data between a device and memory

	Review and

Catch-up
	7.1~8.5
	3
	Review

	Final Examination: 3 hours, closed book problem solving.


Laboratory/Tutorials

	Week
	Title
	Room

	2
	Introduction to Xilinx ISE CAD and FPGA development environment
	ENG-409

	3
	Tutorials: Design components in Xilinx Spartan FPGA. Project 1 Specification
	---“---

	4~5
	VHDL-coding and compilation. Creation of simulation environment and verification. 
	---“---

	6
	Hardware emulation on FPGA platform and performance analysis with ChipScope  
	---“----

	7
	Complete project 1 demonstration and report submission
	---“---

	8
	Introduction to video-processing systems and Project 2 specification
	---“---

	9
	VHDL-coding and compilation. Creation of simulation environment and verification.
	---“---

	10
	Hardware emulation on FPGA platform and performance analysis with ChipScope  
	---“---

	11
	Hardware integration with SVGA display and adjustment of timing.
	---“---

	12
	Complete project 2 demonstration and report submission
	---“---


Lab Management
The Lab Projects accounts for 15% each of the final mark. Each project must be demonstrated during the demonstration week. The project report must be submitted after successful project demonstration before the end of the demonstration week. 
The detailed evaluation of each project is as follows:

	Part of the project
	Evaluation

	Completed tutorials                                                   
	5%

	Symbol & block diagram design                               
	7.5%

	Compiled VHDL code demonstration                       
	7.5%

	Complete project demonstration on FPGA platform
	40%

	Project report                                                            
	40%


Total - 100% = 15% of the final mark
All the tutorials and projects could be done individually or in group of 2 students. 

Equipment should not be moved before during or after the lab. In case if equipment seems to be defective it is a requirement to report to the lab instructor / technician who will take care of the problem.

Important Notes
1. All of the required course specific written reports will be assessed not only on their technical or academic merit, but also on the communication skills of the author as exhibited through these reports.
2. To obtain a passing grade in the course, a student must obtain at least 50% in both the lab and theory portions of the course.
3. Laboratories are conducted using a special development environment which includes: i) Xilinx Spartan-3E FPGA development platform, ii) Instrumentation workstation with Xilinx ISE CAD system, iii) on-chip instrumentation including Xilinx Chip Scope and JTAG-programmer and iv) external instrumentation.  
4

