
Intro to Digital Logic, Lab 3 
Digital Design using FPGAs 

 

Lab Objectives 

Now that you know how to develop Verilog designs and load them into the DE1 SoC board, 
we can now start looking at more complex designs. 

Design Problem – Multi-level logic on the DE-1 FPGA. 

Before going through the lab, you should review the Verilog tutorial on the website up through 
(but not including) Register Transfer Level (RTL) Code. 

In order to speed up processing of returns at Nordstrom’s, the customer service department 
wants an electronic detector device.  Its goal is to both determine those items that have been 
discounted, so that the proper rebate can be calculated, as well as help find shoplifters returning 
their ill-gotten gains. 

There are six products being sold.  The UPC code for each is shown, as well as whether it was 
ever on sale (i.e. sold at a discounted price), and whether it is expensive, and thus is marked 
when sold. 

Item Name UPC Code Discounted? Expensive? 

Shoes 0 0 0 No Yes 

Costume Jewelry 0 0 1 No No 

Christmas Ornament 0 1 1 Yes No 

Business Suit 1 0 0 No Yes 

Winter Coat 1 0 1 Yes Yes 

Socks 1 1 0 Yes No 

Note that since there are only 6 items, not all UPC codes are used.  The behavior of your circuit 
for these situations is unimportant (i.e. Don’t Care). 

You will be given the UPC code of the item under test (signals “U”, “P”, and “C” for 
simplicity), and a detector will check for a secret mark (“M”).  Your circuit should have one 
“discounted” light that lights up whenever a discounted item’s UPC code is applied, as well as 
a “stolen” light that lights up whenever a theft is detected. 

 
Nordstrom’s has a special method for finding shoplifters.  Whenever they sell an expensive 
item, they put a secret mark onto it.  Thus, expensive items that are purchased are specially 
marked, while stolen expensive items will not be so marked (inexpensive items are never 



marked, since it is too expensive to mark everything sold).  When there is a return, we want to 
make sure someone didn’t steal the item, then return the stolen item for cash. 

With the rules given, there are four cases for the stolen light logic to consider: 

 An expensive item with the mark is not stolen. 
 An expensive item without the mark is stolen. 
 A non-expensive item without the mark is not stolen. 
 A non-expensive item with the mark will never occur, so is a Don’t Care. 

For this circuit, create a design by hand for each of the outputs.  You will need to use K-Maps 
or Boolean Algebra to optimize the design (K-Maps will likely be the best way).  Then, write 
the corresponding code in Verilog in Quartus II and simulate it.  Finally, download the design 
to the FPGA, and use the switches and lights on the board to connect to the circuit. 

Once you have the design working on the FPGA, draw the schematic of the design.  This will 
be used for evaluating the quality of your design. 

Note that for all design problems, you will be graded 100 points on correctness, style, testing, 
etc.  For this lab, the bonus goal is to use as FEW logic gates as possible.  Each gate (an 
individual Inverter, an individual AND, and an individual OR) appearing in your hand-drawn 
circuit diagram costs the same, and gates (other than inverters) can have as many inputs as you 
want.  Unlike lab #2, inverters on the inputs DO count towards your total; each and every gate 
on your schematic will count as 1 gate.  Note that you can only use standard gates (AND, OR, 
NAND, NOR, NOT, XOR, XNOR) – no AND gates with one input inverted, etc. 

Please use switch Sw9, Sw8, Sw7 for U, P, C, respectively, and Sw0 for the secret Mark. 

Note that with this, and all labs, keep your files when you are done with the lab – they will 
often get reused in subsequent labs! 

  



Lab Demonstration/Turn-In Requirements 

Choose and complete a Demo option, then prepare your submission. 

Demo 

Choose and complete one of these two options to demo your lab. 

Option 1: Demo video 

Upload a single video to Google Drive clearly showing you performing these demo tasks in order. You 
must still follow the Demo Video and Google Drive Access guidelines from lab #1. 

Prior to starting the demo, fully compile your UPC code to be ready to program. Then, start up your 
board in default (unprogrammed) mode. 

1. Say your name 
2. Program your UPC code to the board. 
3. Demonstrate your UPC code circuit for all 6 UPC code inputs, both with and without a mark. 

For each input, clearly state the name of the item and whether or not it has a mark. For ease of 
grading please follow the order of items in the table. You do not need to demonstrate Don’t 
Care UPC codes. 

 

Option 2: Live Demo 

During any TA’s (not professor’s) office hours before the lab deadline, request to perform a live demo 
of your lab. We will pull you into a breakout room in Zoom for you to demo your lab live. You do not 
need to make a demo video if you choose this option. 

Important: for fairness, if you choose and begin the live demo option, you only get one attempt 
regardless of how early you demo. You may not attempt a live demo more than once, nor switch to 
the demo video option after attempting a live demo. 

 

Lab submission 

File 1/2: Paper supplement 

Upload a single PDF document with your responses to the following: 

1. Depending on your demo option: 
● Demo video: provide the link to your demo video (hyperlinks preferred) 
● Live demo: write ‘Live demoed to (Brian or Nick or Pengyu) on (date)’. 

2. Include the K-maps or Boolean simplification you did to create your design (can be submitted 
as a photo of work done on paper). 

3. Include your circuit diagram (i.e. show the logic gate implementation of your design from #2). 
4. Include a screenshot of your UPC simulation in ModelSim showing your circuit’s response to 

all 6 UPC code and mark/no mark inputs; this will require a thorough testbench so might as 
well simulate before implementing on hardware! 

5. Approximately how much time did you spend on this lab (including reading, planning, design, 
coding, debugging etc.)? 

 

File 2/2: Project & Code Files 

Zip your entire project directory and upload it as a .zip file. 

 


