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1. Introduction / Theory of Operation 
 This report will detail the design and operation of the SMP8, a very simple 8-bit 

microprocessor designed with similar principles as the MIPS single-cycle processor. The 

processor consists of a combinational control unit with a small datapath. The datapath includes 

several multiplexers, instruction and data caches, 2 general registers, an ALU and other 

supporting components. The processor supports 16 instructions including a NOP instruction. The 

processor is not very powerful but it was designed for simplicity and not efficiency. We wrote 

testbenches for 2 test codes and implemented them on the DE2 FPGA board as well as in 

simulation (VCS). 

 

2. Results of Experiments 
 

SMP8 block diagram 



 

 

 

 

 

 

 

 

 

 

 

 

 

Design Codes: 

 

 

 

 

 

 

Control word table 

Machine code for test 1 (left) and 

test 2 (right) 

 

Top module 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Control unit 

Datapath stitched together 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cache memories 

Supporting modules 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ALU 

Testbench, values were verified in waveform 



Waveforms: 

Accumulator ends at 0x72 = 114 = 55 + 1 + 1 + (57) CORRECT! 

 

Accumulator ends at 0xFF = 255 = ~(0+1) ^ 1 CORRECT! 

 

 

Test Code 1 Video Demo 

Test Code 2 Video Demo 

 

 

 

https://www.youtube.com/watch?v=BXZvaDwQvls
https://www.youtube.com/watch?v=2FSk1OXDHfA


Timing: 

 

 

 

 

 

 

 

 

 

 

Timing was fixed by changing clock to have 8.5 ns period. Both test code 1 and 2 

contain 9 instructions, each taking a single cycle, so 8.5ns*0 = 76.5ns execution time 



3. Conclusions & Summary 

 In conclusion, this project was an appropriate culmination of our studies of computer 

architecture. We were tasked with building an 8-bit processor in Verilog by first designing a block 

diagram that supports all the instructions specified, then implementing it in code and testing its 

operation on an FPGA development board and in simulation with waveforms. After putting a good 

effort into the block diagram, the code was the easy part. No changes were made to the block 

diagram after the drawing was finalized, meaning it worked exactly as designed which is 

something I am proud of. The project as a whole is worthy to go on my resume and I look forward 

to increasing my knowledge of computer architecture and possibly pursue a career in it. 

 

 

 

 

 

 

 


