Course Syllabus

ECE 624 - DESIGN AUTOMATION AND VHDL

Department:
Electrical and Computer Engineering

Course Number:
ECE 624

Course Title:
Design Automation and VHDL 
Credit Units:
3

Course Description

Automated design techniques, verification of digital systems. Problems related to physical packaging, partitioning, assignment, placement and interconnection (Routing) of elements of digital circuits. High level computer design languages and their applications. System level simulation . Nano- meter technology and its impact on design constraints and testability.

Prerequisites

Students taking this course should be familiar with combinational and sequential logic design process as is covered in ECE 320 

Texts and References

Lecture notes and Journal papers.

 It’s the methodology, Stupid! By Pran Kurup (ISBN: 0 9663301-0-2)

Supplements:
Course handouts and supplementary materials will be distributed in the classroom.

Term Project:

Depending upon the selected topic students, individually or in groups of 2, will either write a term paper or implement some of the algorithms discussed in class using VHDL.  (New Methods, Physical design automation algorithm implementation, term paper).

Notes:




* Homework solutions will be handed out.

* Besides textbook and lecture notes, there will be some papers available from different journals.

* Exams are closed book, notes, etc.

* Final exam is comprehensive.

* Grading is based on +/- system

*Projects/term paper must be presented in class

ASSESSMENT METHODS
Midterm examinations, homework assignments, term project and final exam. Design projects are based on individual and/or teamwork depending on the scope of the project selected and must be formally presented by the students in class.
Course Objectives

After completing this course the students should be able to:

1. Understand concept of design optimization algorithms and their application to physical design automation.  

2. Use the appropriate Heuristic methods for various phases of design lay out such as routing, partitioning and placement. 

3. Understand the latest design techniques as practiced in the industry for design lay out optimization.  

4. Understand the trade offs among various design styles given a set of design constraints in physical design automation. Understand performance/area tradeoffs in a chip design process.

5. Use of Genetic algorithm and Simulated Annealing algorithm for partitioning, placement and routing  problem . 

6. Understand the impacts of Nano-technology on physical design automation.

7. Understand implementation issues for digital design automation including optimization techniques. 

8. Understand the relationship between good design practices and the testability of digital systems. 

Topics

Chapter 1.  Introduction



1.1
The design process







1.2
The logical- physical mapping





        1.2.1 Gate Array design 






        1.2.2 Standard Cell Designs





        1.2.3 Custom Layout

        1.2.4 Design Automation Road Map




Chapter 2. Review of Algorithms and Complexity

2.1
Computational Complexity 





2.2
A survey of Algorithm Types





      2.2.1 Basic Techniques for solving Design Automation (DA) Problems

Chapter 3. Heuristics and Algorithms


3.1
Evaluation of Heuristics






3.2
Well Known Heuristic Techniques




3.3
Algorithms









3.3.1
Divide and Conquer







3.3.2
Backtracking








3.3.3

Linear Programming





3.4.     Minimal Spanning Tree (MST)



 
3.4.1 

Kruskal's Greedy Algorithm




 
3.4.2 

Prim's Algorithm






3.5
Traveling Salesman Problem




3.6
Dynamic Programming





3.7      Assignment Problem



3.7.1

Hungarian Method







3.7.2

Munkre's Theorem






3.8
Graph Theoretic Representation  of Logic Design


3.9
Partitioning







Chapter 4. Hardware Descriptive Languages (VHDL, Verilog)




Chapter 5. Simulation







5.1
Simulation Issues


5.2
Translation








5.3
Compiled Simulators






5.4
Table- Driven Simulation






5.5
Other Types of simulation





Chapter 6. PARTITIONING








6.1
Kernighan-Lin







6.2
Complexity of the Problem






6.3
Heuristic Approaches







6.3.1

Constructive Initial Partitioning





6.3.2

Partitioning via Iterative Improvement


6.4 Kernighan-Lin (K-L)Algorithm

6.5 F-M Algorithm
  Chapter 7:
PLACEMENT

            7. 1       Introduction




7.2 Graph Representation of Problem

7.3 Quadratic Assignment Problem

7.4 Constructive Initial Placement Algorithm


7.4.1

Introduction




7.4.2

Measures of connectivity



7.4.3.

Definitions of Common Terminologies.



Constructive Initial Placement Algorithm





7.5
Introduction







7.6
Measures of connectivity






7.7
Definitions of Common Terminology




7.8
Pair Linking Problem






7.9
Cluster Development Method





7.10.
Placement Improvement Technique, Steinberg's Technique




7.11.
Force  Directed Vector Placement Algorithms




Min Cut Placement


7.12.
Description of three Placement Problems




7.13.
Distance Measures Used in Placement




7.14.
Complexity of Placement Problem




7.15
Maximum Cut Line







7.16.
Maximum Density







7.17
Motivation for New Objective Function




7.18.
Basic Min Cut Placement Algorithm



           7.19.  Quadra-section




7.19.1 

Introduction









7.19.2

Quadra section Placement







7.193

Quadra section Algorithm






7.19.4

Tree Construction







7.19.5

Detailed Global Routing




7.19.6
Bisection Placement Procedure, Formalization of Min Cut    Algorithm



Chapter 8:
Genetic Algorithm, Simulated Annealing Algorithm

Chapter 9:  ROUTING  

  
9. 1 
Introduction, problem description

9.2 Net List Processing


9.3 Routing Algorithms; Maze, channel , Line, Over the Cell (OTC)

Relationships to Program Outcomes

This course supports the achievement of the following outcomes:

a)
Ability to apply knowledge of advanced principles to the analysis and  design of digital systems. 

b)
Ability to apply knowledge of advanced techniques to the design automation of digital systems.

c)
Ability to apply the appropriate industry practices, emerging technologies, state-of-the-art design techniques, software tools, and research methods for solving electrical and computer engineering problems.

d)
Ability to use the appropriate state-of-the-art engineering references and resources, including IEEE research journals and industry publications, needed to find the best solutions to electrical and computer engineering problems.

e)
Ability to communicate clearly and use the appropriate medium, including written, oral, and electronic methods.

f)
Ability to maintain life-long learning and continue to be motivated to learn new subjects.

g)
Ability to learn new subjects that are required to solve problems in industry without being dependent on a classroom environment.

h)
Ability to be competitive in the engineering job market or be admitted to a Ph.D. program.

Prepared by:

Prof. Ramin Roosta

