CPU Design Project Part 5: Hardware Implementation
Tom Beard – December 05, 2008

Project Review

This project was a very good method of learning the details of computer architecture and CPU design.  By breaking the project into different parts, we were able to make sure that each part of the design process was complete before jumping on to the next.  This allowed debugging to be done incrementally, and not all at the very end, which would have been horrible.

If I was to do this project again, I would allow more time for it.  We didn’t start the project until after we had gone over most of the material about CPU design.  I would recommend starting part 1 of the project (ISA) shortly after finishing the ISA class discussion.  This would give more time for the (inevitable) debugging for part 4 of the project (simulation).

My advice to those working on this project is stay ahead of the game!  If you start the project early, you will save yourself a lot of work in the end.  I know this is a cliché, but for this project, it really does pay off to figure out what you’re doing early.  It is a very complicated project in which your design will change throughout the project.  Just make sure you give it enough time!
Test Program

In order to test the CPU, a working program is needed that stimulates each register transfer of the CPU.  I have chosen a robust program in order to best test the model for correctness.  The following is an assembly listing of the test program.
	
addi
$a0, $zero, 3


lui
$a1, 0xAAAA


nop


nop

Test1:
beq
$a0, $s0, AreEqual


nop


nop


nop


lli
$a1, 0x5555


nop


nop


nop


add
$a2, $a0, $a1


add
$s0, $a0, $zero


jal
Test2


nop


nop


nop


j
Test1


nop


nop


nop

AreEqual:
sw
$a1, 2($a0)


nop


nop


nop


lw
$s1, 5($zero)


nop


nop


nop


halt

Test2:
nop


nop


nop


jr
$ra


nop


nop


nop


Of course, since there is no compiler for the CPU, it needs to be compiled by hand.  The following is the hand-compiled test_program_sram_bytes.hex file which will be loaded into the SRAM of the DE2 board.
	708384EA300030004A9130003000300092D530003000300004E00428E01F300030003000C004300030003000B4C2300030003000A18530003000300010003000300030000E03300030003000



Hardware Testing
Using the programmer in Altera Quartus II, a DE2 board test program was loaded into the FPGA.  Using the DE2 Control Panel, the contents of test_program_sram_bytes.hex were written into the board’s SRAM.  The CPU design was then loaded into the FPGA.  A 50 MHz clock was used to test the CPU, while the reset signal was connected to a switch.  Input register selection and output values were connected to switches and 7-segment displays, respectively.  The hardware implementation of the CPU was able to run the test program and display the correct output.

