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All problems below use the i281 CPU, which was designed specifically for this class. For this assignment you don’t need to understand or modify the hardware design. You only need to find the components that are listed below in the wiring diagram and answer some questions about them. Write your answers and add your screen shots in the answer sheet. 

Part 1: CPU Scavenger Hunt

Q1. Find the adder inside the ALU and answer the following:
· What is the name of this component?
· Is it a ripple-carry or carry lookahead adder?
· Can it also do subtraction?
· What is the size of its two operands in bits?

Q2. Find a 4-to-16 decoder and answer the following:
· What is the name of this component?
· Does it have an enable input?
· What are the names of its outputs 4 and 6?
· Can you guess what is its function in this CPU?

Q3. Find a shifter circuit and answer the following:
· What is the name of this component?
· What is the size of the input in bits?
· What happens to the most significant bit on shift left?
· What happens to the least significant bit on shift right?

Q4. Find the program counter and answer the following:
· What is the name of this component?
· What is the size of the output bus in bits?
· How many control lines does it have?
· What type of high-level circuit does it implement?

Q5. Find a register file with exactly 4 registers and answer the following:
· What is the name of this component?
· What is the size of each register in bits?
· What type of Flip-Flops are used to construct each register?
· The contents of how many registers can be read at the same time?



Q6. Find the two clock dividers for the VideoGame_Clock and answer the following:
· How are they implemented?
· They slow down the clock by a factor of X and Y. What are X and Y?

Q7. Find the multiplexer that sits after the ALU and takes the output of the ALU as one of its inputs. Then, answer the following:
· What is the name of this component?
· Where does the other input come from?
· What is the size of each input in bits?
· How many select lines does it have in bits?

Q8. Find the circuit that outputs the signal DMEM_WRITE_ENABLE and then answer the following:
· In which block is this circuit located?
· What is the Boolean expression for this signal?

Q9. Examine the DMEM box and answer the following:
· What are the names of the control lines for this box?
· What high-level component is used to store the data?
· What is the size of the data memory in bytes?

Q10. Find the flags register and answer the following:
· How many flags does it store?
· What are the names of these flags?




Part 2: 

a) Play a game of PONG!

It may be called a CPU, but it is actually a full-blown computer! It also has memory, which can store programs written in the assembly language for this processor. In this case, it is preloaded with the classic game PONG, adapted to a display consisting of only four 7-segment indicators. 

Follow these steps to play the game:
· Download the file i281_CPU.zip and unzip it on your U: drive
· Go to the new folder and open the file i281_CPU.qpf  in Quartus
· Double click on i281_CPU in the upper left
· Compile the project
· Turn the Altera board on
· Ensure that all SW switches are in the 0/off position
· Turn only SW16 to 1/on
· Use the Programmer to load the i281_CPU project onto the board
· Reset the CPU by pressing Key1 
· Use switch SW6 to move the paddle up or down
· When the game ends you can press Key1 to play it again
· Enjoy!

b) Modify the i281 Banner Program in the simulator. 

Open the i281 Simulator by going to this web page:
https://www.ece.iastate.edu/~alexs/classes/i281_simulator/index.html

For best results use the Firefox browser. 

Load and run the “i281 Banner” program. (To find it, click on Load, then Examples, and then 7-segment). You need to switch to Game Mode and speed up the simulation by dragging the speed slider all the way to 100. 

After you have seen how this program works, repeat the steps to load it, but this time click on “Downloads” instead of “Go To CPU”. From the dropdown menu select “Assembly Code”. Modify this file and then click on “Load New File” to load the modified program. Your modifications should make the program print and animate the last 4 digits of your ISU ID number, instead of the text “i281”. Take a screenshot of the browser window that shows the four digits of your ID as the program is running.
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