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EE201 Problem Set 5
Due via provide 4:30pm, February 26 2019

Starter code and tests are on the VHDL website (http://172.104.217.120:8000/), but you may want
to use Modelsim to inspect and debug your designs.

Submit this homework via provide, where FILE1 etc are your VHDL files. Submit your state machine
drawings as a PDF file via provide as well.

provide ee201 hw5 FILE1.vhd FILE2.vhd STATE_DIAGRAM.pdf

Book problems

These problems provide a good review of state machines and ways to implement them in VHDL.

• 3.23, 4.33 (Designing logic for an FSM, VHDL implementation)

• 3.25, 4.35 (Mealy FSM, VHDL implementation)

• 3.29, 4.39 (Deriving an FSM from equations, VHDL ipmlementation)

• 4.25 (FSMs in VHDL)

The answers to the odd-numbered problems are online at https://booksite.elsevier.com/9780128000564/
solutions.php

Gene analysis

The next few problems are about gene analysis. DNA consists of chains of four nucleotides which form a
coded sequence to create protiens or control operations within the cell. We can represent each of the four
nucleotides with 2 bits:

Adenine A 00
Thymine T 01
Guanine G 10
Cytosine C 11

In each problem below, you’ll design a system that reads in a sequence of nucleotides and analyzes it in
some way. Since genomes are huge and your hardware is small, you can’t store the sequence. Instead, the
sequence will be “streamed” in: on each clock cycle the next nucleotide is presented at the input, and a
few clock cycles later your hardware should present it at the output, along with any signals indicating the
resulting analysis.

Problem 1: Warmup: find the C’s

Write a VHDL module which streams the genome through, and asserts (makes high) the foundA signal
every time the output is a C. The output should be a copy of the input, possibly with one or two cycles of
delay.

Problem 2: Evaluating skin cancer risk

A common cause of skin cancer is when two adjacent thymine (’T’) base pairs are fused together by an
incoming ultraviolet ray. This causes the strand to be mis-read, which under the right circumstances causes
the cell to go haywire.

http://172.104.217.120:8000/
https://booksite.elsevier.com/9780128000564/solutions.php
https://booksite.elsevier.com/9780128000564/solutions.php


1. Draw the state diagram of a Mealy state machine which detects adjacent thymine base pairs. As
before, the input should be echoed to the output, possibly with some delay.

The doubleT signal should be high whenever the module emits a ‘T’ which is part of a pair (i.e.,
it should be high for two cycles when a pair comes out). It should also be able to handle multiple
adjacent pairs (e.g., ‘TTT’ or ‘TTTT’).

2. Implement your state machine in VHDL.

Problem 3: Finding proteins

A ribosome starts building a protein when it encounters the sequence ‘ATG‘1, known as a “start codon”. It
knows the protein is complete once it encounters one of three “stop codons”: TAA, TAG, or TGA. Everything
in between is part of the protein code. (It’s more complicated, of course, but this is the basic gist).

1. Draw the state diagram for a state machine which drives the protein signal high whenever the output
nucleotide is part of a protein, including the start and end codons. As before, you should copy the input
to the output, possibly with some delay. You may use either a Moore or Mealy machine, whichever
makes you happier.

2. Implement your state machine in VHDL.

UPduino designs

For these problems, you’ll implement your designs on the UPduino FPGA and test them out.

Since not everyone in the class has experience building circuits, I’m more than happy to help you with that.

Problem 4: Seven-segment display

Use 4 switches on the blue DIP switch as a 4-bit unsigned number going into the FPGA, and display the
result as a hexadecimal digit on the 7-segment display.

Problem 5: Blinking LEDs

Use the onboard 48 MHz clock to drive a clock, and use it to blink an LED with a 1 second period.

-- Component declaration, goes at the top of the architecture
component HSOSC is
generic (

CLKHF_DIV : String := "0b00"); -- Clock divider, 00 gives 48MHz
port(

CLKHFPU : in std_logic := ’X’;
CLKHFEN : in std_logic := ’X’;
CLKHF : out std_logic := ’X’); -- Clock output

end component;

-- Instantiation, in the architecture body
osc : HSOSC

port map(
CLKHFPU => ’1’,
CLKHFEN => ’1’,
CLKHF => clk -- Connects output to a signal called ’clk’

);

Try increasing the speed of the blinking. How fast can you blink the LED before your eye can’t tell that it’s
blinking?

1Actually AUG, because it’s operating on RNA where thymine has been replaced by uracil, but whatever.
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