Master Course Description for EE-371 / CSE-371 (ABET sheet)

Title: Design of Digital Circuits and Systems

Credits: 5 (4 lecture; 1 lab)

UW Course Catalog Description

Coordinator: Rania Hussein, Associate Teaching Professor, Electrical and Computer
Engineering

Goals: The execution of modern digital electronic systems designs presents challenges that
demand new ways of thinking about such problems. Building upon the fundamental
concepts of electronic circuits and those developed in EE 271, the main objective of EE 371
is to provide students with a theoretical background to and practical experience with the
tools, techniques, and methods for solving challenges related to modeling complex systems
using the SystemVerilog hardware description language (HDL).

Upon completion of the class the student will have developed strong design skills for
implementing complex digital logic systems in modern design languages onto FPGAs.

Learning Objectives: At the end of the course, students will be able to:

1.

Demonstrate proficiency in SystemVerilog by designing, modeling, and simulating
digital systems using industry-standard Electronic Design Automation (EDA) tools.

Develop and implement effective testbenches to verify and validate digital designs,
ensuring functionality, timing accuracy, and robustness.

Analyze and resolve Clock Domain Crossing (CDC) challenges in digital systems,
applying appropriate synchronization techniques for reliable communication
between asynchronous clock domains.

Utilize Algorithmic State Machine Diagrams (ASMD charts) to design and represent
complex control logic, integrating both finite state machines and datapath
components.

Conduct timing analysis to identify and address setup, hold, and propagation delays,
optimizing system performance and ensuring reliable operation in real-world
scenarios.

Design and implement memory architectures such as RAM and buffers on FPGAs,
understanding their role in data storage, retrieval, and transfer within digital
systems.

Translate high-level algorithms into efficient hardware implementations using
hardware description techniques, focusing on the development of hardware
accelerators.


http://www.washington.edu/students/crscat/ee.html#ee371

8. Design and optimize pipelined architectures to enhance system throughput, reduce
latency, and improve overall performance in digital circuits.

Textbook: No Textbook required

Supplemental and Reference Materials:

1. Chu, Pong P., FPGA Prototyping by SystemVerilog Examples, Wiley, 2018.

2.  Wakerly, John F., Digital Design Principles and Practices, Pearson, 5th. ed., 2017.

3. Ciletti, Michael D., Advanced Digital Design with the Verilog HDL, Prentice Hall, 2nd ed.
2011.

4. Brown, S., and Vranesic, Z., Fundamentals of digital logic with Verilog design,
3rd edition, McGraw-Hill, 2013.

5. Spear and Tumbush, SystemVerilog for Verification: A Guide to Learning the Testbench
Language Features, Springer, 3rd ed., 2012.

6. Zwolinski, Mark, Digital System Design with SystemVerilog, Pearson, 2010.

7. John F. Wakerly, Digital Design Principles and Practices, Prentice-Hall, 4th Ed., 2006.

Prerequisites:
either E E 271 or CSE 369
Topics:
1. Overview of SystemVerilog and EDA tools.
. Testbenches.
. Clock Domain Crossing.
. ASMD charts.

. Timing analysis.
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6. RAM and buffer of FPGA.
7. Finite State Machines with datapath.

8. Algorithms to hardware (hardware accelerators).
9. Pipelined Architectures.

Course Structure: The class meets for either two 110-minute lecture meetings per week,
or four 50-minute lecture meetings per week.

Computer Resources: There will be extensive computer usage in the homework and
laboratories for design and simulation utilizing the SystemVerilog HDL and ModelSim.

Laboratory: There are extensive laboratory projects. For each such project, the students
have to design, simulate, and implement the design on an FPGA. All projects will be



conducted using a remotely accessible FPGA lab provided through the Remote Hub Lab
(RHLab). All lab assignments may be completed individually or in teams of 2 students.

Grading: The grade is based upon homework assignments (25%), the laboratory projects
(45%), and weekly quizzes or a comprehensive final examination (30%).

ABET Student Outcome Coverage: This course addresses the following outcomes:
H = high relevance, M = medium relevance, L = low relevance to course.

(1) An ability to identify, formulate, and solve complex engineering problems by applying
principles of engineering, science, and mathematics. (H) These are all done as an
integral and routine part of the material taught. Theory is presented a standard part of
the homeworks, exams, and laboratories in the context of its application to real-world
problems and its limitations under real-world constraints.

(2) An ability to apply engineering design to produce solutions that meet specified needs
with consideration of public health, safety, and welfare, as well as global, cultural, social,
environmental, and economic factors. (H) Each of the laboratory projects specifies and
assigns a particular design problem to be solved.

(3) An ability to develop and conduct appropriate experimentation, analyze and interpret
data, and use engineering judgment to draw conclusions. (H) Students will use modern
computers, test instrumentation, modeling, and simulation tools. A significant
component of designing and developing a real-world application is ensuring that one’s
system performs to specification in the intended environment. Such assurance can
only be gained by testing the system in such a context then analyzing the results of
those tests. Such a process is integral to this class, to each of the labs and to the final
project.

Prepared By: Rania Hussein
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