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What	did	you	learn	from	this	project?	

We	learned	how	to	make	important	design	decisions.	One	of	the	decisions	we	made	choosing	each	

instruction	in	the	ISA	to	meet	the	requirements.	We	also	decided	whether	to	implement	a	single	

cycle,	multicycle,	or	pipelined	CPU.	We	decided	to	go	with	the	single	cycle	CPU	for	simplicity.	We	

also	decided	on	a	Harvard	architecture	with	separate	instruction	and	data	memories.	We	then	had	

to	decide	how	to	implement	the	datapath	for	the	CPU.	We	also	learned	a	lot	about	using	VHDL	

component	and	top-level	models	to	create	the	CPU	from	the	datapath	diagram	representation.	We	

also	learned	how	to	simulate	and	test	individual	processor	components	as	well	as	the	top-level	

processor	model.		

	

What	would	you	do	differently	next	time?	

I	would	definitely	start	on	each	aspect	of	the	project	earlier	in	the	semester,	particularly	the	

datapath.	I	would	also	test	my	components	even	more	exhaustively.	

	

What	is	your	advice	to	someone	who	is	going	to	work	on	a	similar	project?	

My	advice	would	be	to	start	working	on	the	project	early	and	to	plan	out	the	datapath	well.	Also,	

know	that	it’s	okay	to	change	aspects	of	your	ISA	when	designing	and	implementing	the	datapath.	

I	would	also	review	VHDL	concepts	and	syntax	before	starting	the	project.	If	you	have	any	

questions,	contact	the	professor	or	TA	early.	



CPU Design Project – Part 6 

Andrew Muscha and Aaron Whitney 

 

1)  What did you learn from this project? 

Overall, we learned how to design a RISC microprocessor from scratch. In more detail however, 

one of the first things we learned was how conceptually difficult it is to design a well-rounded and 

functional instruction set, while also limiting its scope (16 instructions in this case). A lot of features 

I’ve taken for granted using ARM-based microcontrollers are not so easy to justify including in such 

a small instruction set. Finally, we have a much deeper appreciation of how processors work, and 

on a larger scale how the different components of a PC work together.  

2) What would you do differently next time? 

We’d start by starting to learn the relevant tools (FPGAs and VHDL) earlier in the semester instead 

of waiting till they are needed. VHDL was a huge stumbling block for us. We would also probably 

go ahead and take the time to design a pipelined processor, instead of single-cycle. We learned a 

lot from the project, but I personally feel we could have done better for ourselves tackling 

something a little more difficult.  

3) What is your advice to someone who is going to work on a similar project? 

Start as early as possible; don’t do the project parts the night before they are due. Inevitably, each 

section will take longer than you think, and you will only limit your overall design quality with the 

time constraints.  



David Francis and Jeremy Shepard 

ELEC 5200 Project Final Report 

  

During this project, we designed a single-cycle reduced instruction set processor based on Von Neumann 

architecture. The project began by crafting our instruction set architecture, continued with designing our datapath, 

and culminated with a full VHDL model of the datapath and CPU. The VHDL model allowed us test the individual 

modules of the datapath, the control of the datapath as a unit, and the realization of the top CPU model and how 

it interacted with the previously built components. 

This project built upon the material that we learned in earlier classes such as ELEC 4200 Digital System 

Design and ELEC 2200 Computer Systems. This was the first time we were able to design our own instruction set 

architecture, which was a fun experience. Brainstorming about which commands would be required and how they 

could be manipulated solidified both the importance and practicality of assembly language instructions. Further, 

once we began to design the system, we were able to see in person the advantages and disadvantages in design 

choices such as memory architecture and single-cycle vs. multi-cycle vs. pipelining. Above all else, this left an 

impression of the usefulness of this project for future careers involving hardware design. 

Next time, we would like to try our hand at modeling a multi-cycle or pipelined CPU. If we continued 

another project with a single cycle system, we would swap to Harvard architecture. By keeping the instruction and 

data memories separate, we imagine it would have made testing easier. 

Our advice for future students is to ensure that the fundamental ideas of this and earlier courses are 

understood before embarking on the project. The design is not tricky or difficult, and should make sense to you if 

you have a firm grasp of the prerequisite material. In our experience, the best work was done by taking the 

requirements and building a logical system based off the principles learned in class. We wish the best of luck to any 

future students in this course. 



ELEC 5200 Computer Architecture and Design 

Fall 2016 

Semester Project: Part 6 

Group: Alex Atwood, Ian Kirkconnell, Martin Wang 

 

a) What did you learn from this project? 

a. Through working on this semester project, we learned how to design a MIPS 

architecture CPU and implement it in VHDL. 

b. We developed a deeper understanding of the internal workings of common CPU 

components and techniques. 

b) What would you do differently next time? 

a. If we had to complete this project again, we would start on each project part earlier. 

Also, we would design for single-cycle first. 

c) What is your advice to someone who is going to work on a similar project? 

a. Start on each project part early. 

b. Research pre-existing VHDL examples of MIPS architecture CPU components and 

systems. 

c. Document all of your design choices thoroughly. 

d. Follow the standard MIPS ISA, component architecture, and CPU techniques as closely 

as possible. 

e. The problem is usually a lack of muxes. 



Justin Barnes 

Yang Sun 

5200 Project Part 6 

12/4/16 

 This project helped to illustrate the implementation of computer hardware concepts 
learned in the class into the design and construction of a processor. The project also showed 
how to initialize RAM files, how to design a datapath, and how to design an instruction set 
architecture. This include the breakdown of the allotted bits into section for information, as 
well as what functions would be needed to cover most problems implemented by the code. The 
project also provided further experience with the design of components and top level programs 
using VHDL, as well as testing VHDL code via Modelsim. The examination of an overall design, 
coding of components, and reassembly into a top-level design, was another major aspect of the 
project. 

 If the project is redone or revisited in the future, the use of pipelining might be 
considered, as well as some function changes in the instruction set architecture. For example, 
the use of a “shift right” function might be considered over other functions like “set if greater 
than (sgt)”, given that reordering the code and functions used could achieve the same result in 
that case. Using a variable-length multiplexer component, or otherwise using a variable in one 
overall multiplexer component code, if possible, would also be considered. Further attempts to 
simplify the design so that examining and debugging the VHDL code is easier would also likely 
be considered. 

 One piece of advice for others undergoing a similar project would be to start as soon as 
possible. One of the largest problems in achieving the work was time management, especially 
as the end of the semester was approaching. Another bit of advice would be to review the class 
notes frequently, as the information was integral to the design of the architecture and overall 
layout. Additionally, it is important to ensure good communication among the team so that 
time is used efficiently. Another thing to mention would be to re-acquaint or otherwise learn or 
relearn VHDL, since most of the project revolves around VHDL implementation and testing. It 
would also be advantageous to install the software early and to test the connection between 
the workspace or development platform (Quartus II in this case) and the testing software 
(Modelsim). 

 In conclusion, the project helped to illustrate the application of computer architecture 
concepts into a processor coded in VHDL. Were the project redone, pipelining would be 
considered, as well as changes to the instruction set architecture. 



Yongle Wang and Will McElhenney 

ELEC-6200/5200 

Part 6: Hardware Implementation of Pipeline MIPS Processor 

12/6/16 

 

a. We learned how to use a new VHDL environment (Quartus II). We learned to keep up 

with signals when designing a top-level model. And we learned that one should probably 

not design a pipelined processor in VHDL, as it is very time consuming. 

 

b. Next time we would design a single-cycle processor, instead of a pipelined processor. 

 

It might also be easier to implement a top-level model of top-level models. This is to say 

that for each stage in the pipeline there is an individual top-level model, and there is a 

top-level model connecting those top-level models. This would have cut down on the 

number of signals we had to keep up with in Part 4 – Datapath Verification. 

 

c. Our advice would be to make a single-cycle processor. 

 

Plan your signals ahead of time that way you will not be juggling several very closely 

named signals, and ending up with disconnected components. 

 

We would also suggest making sure the Instruction Set is easy to design and realize. 



Group: Mark Gallagher & Anna Pruitt 
ELEC 5200/6200 CPU Design Project 
December 6, 2016 

Part 6: Working Processor  
 

1. What did you learn from this project? 
 
By creating a processor, we learned that processors can be relatively simple, or very 
complex. For our project, we implemented a pipelined processor. It became clear very 
early on that a pipelined processor is much more complex due to the number of hazards 
that can occur. We learned how hazards affect the design of a processor, requiring 
specialized hazard detection units that would forward data or stall the pipeline when 
needed. We also learned how to create a branch prediction engine to limit stalls due to 
branching. Simulating all our components individually and together as a system helped 
to carefully analyze how it would behave on hardware. We also learned how program 
code is executed at the hardware level by creating test programs and a Fibonacci 
algorithm used in our demo. 

 
2. What would you do differently next time?  
 

It would have been helpful from the start if we had read all the project specs, especially 
the documents regarding the Altera memory generators. We would have seen that the 
Altera memory is clocked, which would have saved us the headache of initially struggling 
to get the instruction memory to work correctly with our other components. We also 
should have planned the final demonstration from the beginning, opposed to simply 
focusing on the project one step at a time. We should have been more diligent about 
double checking the assembly code for bugs; incorrect assembly code leads to incorrect 
binary/hex code to feed into the instruction memory. This causes issues in simulation, 
and requires a lot of code revision. 

 
3. What is your advice to someone who is going to work on a similar project?  
 

The planning stages are very important for understanding how the processor is 
supposed to work. The chosen instruction set architecture (ISA) will differ depending on 
how the processor is going to be used. It is important to know how the ISA will be 
implemented before VHDL models are coded. This will keep the design organized and 
mitigate the risk of missing a critical piece. Detailed simulations at each step are crucial 
to designing any digital system. If you don’t fully verify every component, there will be 
errors that are much harder to find as you put all the pieces together. It’s important to 
test many potential input cases, especially those that could cause unexpected errors, 
such as boundary cases. And most of all, be well versed in writing VHDL models. The 
planning phases are manageable without prior knowledge of VHDL but once 
implementation begins, if you are still struggling to understand program structure, 
implementation will take a very long time. 
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William H. Vance 

CPU Design Project – Part 6 – Report 

ELEC 5200 

Due Wednesday, 12/7/2016 

 

(a) What did you learn from this project? 

From working on this project throughout the semester, I became far better acquainted with 

designing, simulating, and debugging VHDL models. I had learned VHDL in a previous course, 

namely ELEC 4200 Digital System Design taught by professor Nelson, but after completing the 

project for ELEC 5200, I feel more confident in my ability to use VHDL. For example, 

testbenches are one aspect of VHDL I am more confident about.  I also gained a better 

understanding of the ISA and the datapath. Before starting on the project, topics related to a 

CPU’s architecture were in large a mystery to me. 

 

(b)  What would you do differently next time? 

If I were to do this project again, I would attempt to do either the multi-cycle design or the 

pipeline design. This time our group elected to do the single-cycle design. We tried for a simple 

design so that we could have a finished, working design in the end. However, now that we know 

that we can do it, I would like to challenge myself even further with a more difficult yet still 

manageable design. Additionally, I would perhaps tweak my instruction set as a prophylactic 

measure against problems in latter parts of the project. 

 

(c)  What is your advice to someone who is going to work on a similar project? 

My first piece of advice to someone who is going to work on a similar project deals with the 

people he or she will be working with. Practice good communication with your teammates. Make 

clear your expectations of the people you will work with and their expectations of you. Try to 

spread the workload evenly among your team and work together as best as you can. 

Communication is a big part of being an engineer. As far as meeting deadlines go, plan to work 

on each part of the project on a schedule, rather than trying to work on all of it the day before it 

is due. Time management is paramount. There are several days between deadlines for a reason, 

and while the first one or two parts may come with minimal effort, plan to set aside hours for 

working on the project with your team. Lastly, ask the instructor questions and for his advice. 



Sean Phillips and Ben Reese 

ELEC 5200 

12/7/16 

Part 6: Final Report 

What did you learn from this project? 

 This project furthered the understanding of exactly how a CPU operates. It is 

one thing to talk about it in class and for the instructor to explain how a CPU works, 

however, it is an entirely different thing to have to build one. The way that all of the 

components come together and operate on a synchronous level is something that is 

best learned from creating a CPU from ground up. Designing the CPU with a 

hardware description language such as VHDL, as was required in this project, 

achieved the learning outcomes that were desired. In the process, a better 

understanding of VHDL was accomplished.  

What would you do differently next time? 

 When connecting all of the components in the top-level module, intermediate 

signals were used to act as the physical circuit one would see when analyzing any 

CPU. A simple issue that was discovered when testing the final CPU design was an 

ambiguous naming of signals. If given the chance to do this project again, more 

intuitive names would be used for these signals to make simulation smoother. 

What is your advice to someone who is going to work on a similar project? 

 The advice to someone who plans on working on a similar would be to 

thoroughly test each individual component before connecting them at the top-level. 

An exhaustive testing of these components would have saved a substantial amount 

of time when simulating the entire CPU. If one could rule out the possibility of one of 

these components being defective, debugging would much less time consuming. 
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ELEC 5200 

Project 6 

By SueAnne Griffith, Ryan Lindquist, and Michael Volz 

 

(a)  What did you learn from this project? 

  

Through this project, our team learned a great deal about the design process that goes 

into a processor, as well as what factors must be considered to result in the creation of a 

successful device.  Many of the topics covered in class became clearer after we had hands-on 

experience designing and working with them.  Lastly, our team’s VHDL skills improved 

greatly over the course of the semester. 

 

(b)  What would you do differently next time? 

  

 As with most engineering projects, time was of the essence, so if we had started 

sooner and/or been more proactive with the projects, we could have implemented other 

features, such as pipelining.  Next time, we would definitely try to implement pipelining, as 

this would result in a better processor. 

 

(c)  What is your advice to someone who is going to work on a similar project? 

 

Our advice to someone who will be working on a similar project is to plan ahead 

when working on the initial drafts of the design.  The design choices made in the beginning 

stages of the project had a lasting impact on the processor’s functionality and design.  Any 

issues found with the initial drafts resulted in many changes later on in the design process, 

such as having to add or remove an instruction to the instruction set, which can potentially 

result in needing to modify control signals for other instructions. 



Computer Architecture and Design 
Part6—Report 

Zhehuan Yu    Yuqiao Zhang 

Q1 What did you learn from this project? 

A1  The project we did is the pipeline .We decided to use the separate frequency 

processing. We have faced  a problem at first. During the pipeline design . For 

example , for the RegWrite signal, the signal is came from the MEM/WB 

register ,which has a faster clock time than it had in the small units   (like ALU 

and MUX ) as we designed . Unfortunately,  we found disappointed thing that we 

got two results from adjacent clock cycles. One of two results is obviously wrong. 

We realized that we ignored something to avoid the problem---“The time 

Syncronization”.The solution is adding the time delay after the signal  which 

forced the result from the MUX in the WB stage reach to the register file with the 

signal from the MEM/WB at the same time ,and we got the result as we respected. 

If our design.  

Q2 What would you do differently next time? 

A  In this project, though we did the pipeline design. Hazard Detection and 

forwarding are not used in our work. .If we did the same work nexttime .We 

would improve our design (adding the hazard detection and forwarding ),which 

will be suitable for more complex program with a better performance.   What’s 

more, the instructions we fetched is from the MIPS 31 basic instruction.We may 

design and add some Pseudo Instructions if possible next time ,but it need more 

hardware the implement the function. 

Q3   What is your advice to someone who is going to work on a similar 

project? 

A3   After you finished a part of project. You need to get so familiar with you 

didi and design such as the instruction code .Wacth your everystep when you 

work.if you are careless with the former part. The remaining work will cause a 

lot of trouble to annoy you. Although doing project is not a easy thing ,but when 

you were facing a trouble. Patience is the best solution. Calm down and review 

what you did before . When you successfully finish the project. Not only do you 

handle more skill and ability , but also you will feel the delight of the successful 

achievement.. 



Computer Architecture and Design  

Report 6 

                     Zhi Yang, Yufei Chen 

 
 
 
(A)What did you learn from this project? 
 
We have designed a pipeline datapath in the project. 
 
In this project, we have learned that how to use the knowledge in class to practical project 
design. Even if it is a small CPU with only basic instructions, it still makes us have the 
experience about the details step by step. From the beginning, we started to learn VHDL. 
Then we got familiar with ModelSim for signal simulation. The next step, we learn to use 
Quartus to construct memory.   
 
As a team, we have learned to cooperate with each other, share ideas to make the project 
work out. At the end of this term, we have to say it is great to have the opportunity to 
combine the theory and actual experience during the course. 

 
 
(B)What would you do differently next time? 
 
We would like to choose another kind of datapath. We want to try the single-cycle one. 
The reason we choose pipeline is it is an emphasis during the whole class and it 
approaches to the computer technology better.   
 
 
(C)What is your advice to someone who is going to work on a similar project? 
 
Do not choose the pipeline datapath. It is really hard. 
 
At every part of the whole projects, try your best to get things done. Because each project 
depends on the last project you finished. You can not get a good ending with a mess 
beginning.  
 
If you are not familiar with VHDL or Verilog, learn these hardware language earlier. If 
possible, get some advises from the students who has experience with ModelSim and 
Quartus II.When you have problems, do not hesitate to discuss them with other groups or 
teaching assistance.  



Computer Architecture and Design  

Report 6 

                     Zhi Yang, Yufei Chen 
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