
ECE668 PROJECT OPTIONS

Two project options are available but other ideas are also welcome.  
ECE668 Project 1: Tools for Testing of CMOS Processor
Description last updated on January 24, 2012 by C Andras Moritz.

Maximum 3 students per project team

Objective: This project deals with generating random test cases for hardware testing of a single-issue pipelined microprocessor. As part of this, you need to develop an instruction sequence generator at the assembly level for a subset (say 20 instruction types) of one of the ISAs supported in Simplescalar, e.g., ARM, or PISA (MIPS-like). This type of tool is one of the ways processors are tested in practice. 

The following aspects will need to be addressed:
A. Get familiar with the task
1) Be able to write assembly sequences, compile and simulate them in your assembly language.

2) Write 5 (five) assembly sequences containing data hazards, and compile and run them on the Simplescalar processor simulator. 

a. One of the sequences must implement arithmetic mean calculation of a set of numbers. This is sequence that will be checked.

B. The tool should have the following capabilities
3) Ability to specify ISA encoding in a machine description file (e.g., in an include file) that is part of your tool. The description should be easily extendible and the ISA should be replaceable. 

4) Ability to generate random instruction sequences of assembly instructions of desired length.

5) Ability to make sure that a sequence does not contain branching out of range. (Also, you may avoid generating load-store instructions if you wish but think about how you would incorporate them. That is, if you allow loads and stores, you need to worry about addresses for loads and stores accessing random data.)

a. Please consider these issues early in the process since they are not trivial.

6) Ability to detect illegal instructions, e.g., with reserved opcodes or those that you don’t support. This is only necessary if you generate machine codes directly as opposed to assembly instructions.

a. If you generate instructions in assembly language you can avoid the illegal opcode generation at that time instead of detecting it later. 

7) Ability to generate and test for hazards, e.g., RAW, WAW, and WAR

a. Your tool shall count how many of these hazards are inserted. This is a static number and not a runtime count. 

8) Testing phase with Simplescalar 

a. First, add for each random code you are creating a check at the end against expected values in registers and memory. That is, you are verifying golden outputs/architectural state against the tested processor. If the checks pass on your tested processor then you have no flaws visible with that code. If possible, please automate this process.

b. Both golden and tested processor are assumed to be emulated with the  Simplescalar processor simulator. In practice, the processor you are testing would be implemented in Verilog (or other HDL) instead.

c. Create two processor configurations with Simplescalar by modifying one architectural aspect. Run your code on both.  Assume in your comparison a pipeline design for the new processor that slightly differs from what you use in Simplescalar for the golden processor. Show a sequence you generated that can detect this difference.

Tools needed:

Download and install the Simplescalar simulator. Download gcc for your ISA. (You need to generate a text file with assembly instructions that you can compile into a proper binary format.)

Grading:

You need to provide a report on how you addressed each point above, provide the source code to your tool, and show the simulations on a laptop or computer. Project report should be less than 3 pages. In addition, please provide a hardcopy of your source code. You will also need to demonstrate the tool’s capabilities.

ECE668 Project 2: Design and Simulation of a Nanoscale Processor
Description last updated on February 10, 2011.

Maximum 2 students per project team

Objective:

This project deals with the design of a NASIC (or N3ASIC or Spin-based) nanoprocessor. You need to expand on the WISP-0 pipelined processor at the minimum in terms of (i) bitwidth and (ii) type of instructions supported and/or style of processor, e.g., use VLIW instead.  You can assume instructions coming from ROM or streamed in (we will not support caches but assume they are there with no missrates). New ideas are fine but should be discussed with the instructor. 
A. Get familiar with NASICs 

1) Be able to design a NASIC circuit like decoder, ALU, ROM, register file

Each student in the group should be designing one or more components. You will be getting a book chapter from instructor about NASICs 

2) Be able to generate a netlist for all components

3) Be able to optimize logic functions

4) Balance pipeline stages in your design

B. Modify the NASICs simulator (to be handed out) to simulate the design of your choice

1) Have a functional version where instructions of some limited type can be simulated in sequence

2) Calculate area including microwires for various assumptions of pitch

3) Calculate frequency by looking a worst-case timing path

C. Write same design in Verilog, synthesize and then scale to ITRS CMOS nodes


1) Calculate area


2) Measure performance (try finding ways to add impact of wire delays)

D. Write report that compares your two designs in density and performance. 

Tools needed: 

For NASICs you will be using hypothetical devices with behavioral device models that will be given to you by Rahman in the NASICs group. NASICs simulator will be available from Rahman and Pritish in the NASICs group. For CAD tools for CMOS please refer to the ECE departments or your research group’s tools.
Grading:

You need to provide a report on how you addressed each point above, provide the design and source codes, and show the simulations of the NASIC processor for an instruction sequence. Project report should be less than 5 pages and formatted like a research paper with abstract, introduction, solution, results and conclusion. In addition, please provide a hardcopy of all your design codes. 
Good luck!
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