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Additional git 
We had problems to give Luis an access to the git. So, we created an other git, on which he 
pushed his work. The link is attached to the title of this section 
(https://github.com/Velasko/Deep-Learning-and-FPGA). 

Our subject 
The objective of our project is the programing of a perceptron in python and its execution on 
a FPGA using nmigen. 

Perceptron 
The perceptron is a learning algorithm allowing the classification of linearly separable data 
into 2 classes. This separation is done by calculating a linear combination of the input with 
the weights of the perceptron. Then, a threshold function is applied to determined in which 
class the piece of data belongs. 
 
 

 
 

 
 
 
 
 
 
 

https://github.com/Velasko/Deep-Learning-and-FPGA
https://github.com/Velasko/Deep-Learning-and-FPGA


 

FPGA 
FPGA are programmable devices consisting of several logic gates which is capable of 
rearranging its integrated circuits. For this project, we want to run our algorithm on a FPGA. 
The one we use is the Lattice ice40 stick. 

 
 

nmigen 
 
The FPGA is capable of rearranging itself accordingly to a hardware description language. 
Nmigen is a library which allows for python code to be translated to one of those description 
languages. Therefore, nmigen gives us access to the components of our FPGA as well as to 
simple logic operations. For this, we used the platform file available on the git of nmigen for 
our FPGA (icestick.py). nmigen can compile our design, generate the platform constraints 
and call the vendor toolchain to build a bitstream according to our implementation. 

Our work 

Basic tests with nmigen 
First, we installed and tried the basic functionality of nmigen, following this tutorial. The tests 
we’ve made are available  in test.py. The point was to use signals and module, that we use 
for our perceptron.  

Problem 
The perceptron algorithm basically works with float. However, nmigen doesn’t supports it yet. 
However we need to represents fractionals in nmigen. The solution we’ve chosen was to use 
fixed point numbers. For that, we defined a variable named “one” in settings.py that we use 
to transform every float value into an integer value. 

https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/nmigen_boards/icestick.py
http://blog.lambdaconcept.com/doku.php?id=nmigen:tutorial
https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/test.py
https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/settings.py


 

Perceptron without nmigen 
We developed a class Perceptron that implements training and inference 
(perceptron_python.py). In this file, we test it with 4 differents datasets. 

Dataset 1 : Sonar 

 
The dataset is made up of 10 sonar records. Each of them are associated with a 0 or a 1 
based on their geographical position. In this case, the training set is the same as the test set. 

https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/perceptron_python.py


 

We displays the weights and the couple [expected_output, effective_output] for every piece 
of data. We also print the accuracy of the results. We can see that before any training, the 
weights are 0 and the perceptron always answers 1. After a training, the weights are 
updated. After 2 training, the accuracy is 100%. However, with so little data, we can’t be sure 
our perceptron is working. 

Dataset 2 : 2D points

 
This second dataset consists of 2D points (with coordinates between -5 and +5). If the point 
is above the line 2x + 1, its class is 1, else it’s 0. In this case, we used 10 000 points, 
distributed between the training set (9000 points) and the test set (1000 points). We can see 
that before any training, the answer of the perceptron is basically random. But after 1 
training, it’s accuracy is really good. In this situation, the problem is perfectly linearly 
separable, and the amount of data is enough to have good performances. 

Dataset 3 : Wine quality 

 
This third dataset shows red wine quality depending on 11 factors (acidity, sugar, alcohol, 
…). The dataset contains 1599 inputs, that we distributed between the training set (90%) 
and the test set (10%). In this case, the problem is not binary as we have more than 2 
qualities. However, we splitted the dataset on a quality of 6 (if quality>6 then class=1 else 
class=0). Here again, we can observe that our perceptron seems to work perfectly fine, with 
a final performance of almost 90%. 

Dataset 4 : Handwritten digits 

 



 

This last dataset contains images of handwritten digits. Again, we splitted the data between 
2 classes: “is a 2” and “is not a 2”. The dataset contains 10000 digits, with 10% of 2. Before 
any training, the perceptron always answers 1, which explains these results. After 1 training, 
we could think that our results are good, as the accuracy is of 95%. But the number of 2 is 
relatively low, so if the perceptron always answers 0, the accuracy would be near 90%. This 
is why we printed the 2 other numbers. The accuracy on 2 shows the percentage of 2 that 
are with the good class (the class 1). We can see that half of the 2 have the wrong class. 
The last number represents the percentage of numbers being put in the class 1 (“is a 2”) 
while it is not a 2. This number is really low, which means that most of the time, the 
perceptron recognise that a number is not 2. However, the accuracy on 2 shows us that it 
has some problems to recognise real 2. In a way, our perceptron is too restrictive for this 
problem. And even with a larger dataset, we will not be able to improve these results much, 
because this problem is not linearly separable. To solve this kind of problem, we need a 
multilayer perceptron. 

Perceptron with nmigen 
This version, things had to be simplified. As we are intended to execute this version on a 
less powerful system that usual computers are capable of, some caractheristics, such as the 
segmoid function, being relpaced by alternative which is the conditional. However, we do 
see the interest on observing the raw value, for cases such as there are multiple possible 
outputs. Therefore, both values can be retrieved. If boolean is desired, then the out attribute 
is desired. However, if the actual value, raw is the intended attribute. 
 
Another consequence of executing the perceptron on a low-performance processing unit is 
not being able to train it while processing data. Therefore, the perceptron should be trained 
on a external machine and the weights is parsed onto a new perceptron, along with the limits 
function, which defines when out is true for a certain raw. Another possible information 
which can be parsed is how many bits are desired for the perceptron to handle on each 
signal. 
 
As this version is supposed to run on a fpga, the tests had to differ from the traditional tests 
on a python code. This one required to use a software to simulate what are the outputs of 
the designed module. The chosen software for this task was GTKwave. The main test which 
was executed was with the wine quality. However, two versions were executed. The first had 
all the wine possible and then we used the raw value and considered the closest value. The 
second version was using only two different types of wine and the rest of the data was 
extracted. With this we could predict how the bolean would work. 
 
The distribution of the wine is the following: 
 
 

Type of wine Chance of 
being of a 
such type 
(%) 

http://gtkwave.sourceforge.net/


 

3 0.625 

4 3.314 

5 42.589 

6 39.899 

7 12.445 

8 1.125 

 
With such distribution, on a uniform random attempt, the chance of guessing correcting is of 
only 15.5%. If we rebalance the random function, we’re able to get up to 35.8% chance of 
guessing correctly. However, with the perceptron, we were able to predict 59.5% of times the 
correct type of wine. 
 
The test with boolean, we decided to consider only the wines of type 5 and 6, which was the 
majority of wines. We’ve retrained the model and managed to achieve a 67.3% of precision. 
As expected, it had an increase as there are less possibilities of choice. 

Work in progress 

Multilayer perceptron (MLP) without nmigen 
We implemented a multilayer perceptron without backpropagation. The inference seems to 
work anyway. We tested it with our first and second dataset from our single layer perceptron.  

Dataset 1 : Sonar 

 
On the left, we have the result of the mlp. We changed the activation function to a sigmoid, 
which explains the result. However, we can see that the weights created by our single layer 
perceptron allows our mlp to give a result higher than 0.5 for the class 1 and lower than 0.5 
for the class 0.  
Let’s try it with our second dataset 



 

Dataset 2 : 2D points 

 
We only showed the accuracy, based on the fact that a result higher than 0.5 represents a 
class 1 and a result lower than 0.5 represents a class 0. Here again, we see that the 
accuracy is the same we found with our single layer perceptron.  
Those 2 tests are available in the file mlp_python.py. 
We also wanted to implement the training of weights in the mlp. However, it appears to be 
much harder than the rest, so we decided to skip this aspect. 

Multilayer perceptron with nmigen 
 
Once again, when developing for a much less powerful hardware, the backpropagation is not 
supported. However, we were able to implement it. The layer module takes multiple 
perceptron modules and connect it’s entries to each perceptron’s entry. Then connects its 
outputs to the perceptrons, as in the image below. 
 

 
 
This module allows us to have an abstraction as it’s responsible to handling the connections 
on it’s perceptrons. With this, it’s easier to have a single module for the whole neural 
network, as it only requires to connect multiple layers. 

https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/mlp_python.py


 

 
 
 
 
However, as there is no way to actually train such complex algorithms on a fpga, it’s required 
to transfer the neural network to the board. Taking into account some of those networks 
could have thousands of weights, we took the initiative to also make a encoder/decoder to 
json which allows us to create the nmigen’s version more easily based on a normal neural 
network. 

Using the FPGA 
One of the objective of this project have been to run our algorithms on an FPGA. However, 
at this time, we didn’t manage to do so. We were able to access the FPGA and its 
components. We did a blinky.py. When launching it, we can see the leds of the FPGA blink. 
Our work to use the UART of the FPGA and do a serial communication between our 
computer and the FPGA is incomplete. Our tries are written in the files test_on_fpga.py (first 
draft of the final file) and serial_test.py (test of pyserial). There are also some elements 
related to our tries in perceptron_fpga.py. Solving those problems would be the first thing to 
do if we had more time (and something we should have done before beginning the 
implementation of our mlp). 

Content of our git 

Working files 

blinky.py 
Make the leds of the FPGA blink. 

https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/blinky.py
https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/test_on_fpga.py
https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/serial_test.py
https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/perceptron_fpga.py
https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/blinky.py


 

layer_simulation.py 
Use of a layer to create an mlp (incomplete relatively to mlp_simlation.py). Run it to test it 
using a simulator. 

mlp_python.py 
Implementation of the inference part of a mlp without nmigen. Run it to test the 
implementation with 2 datasets. 

mlp_simulation.py 
Implementation of an mlp (only inference) with nmigen. Run it to test it using a simulator on 
wine dataset. 

perceptron_python.py 
Implementation of a single layer perceptron without nmigen. Run it to test the 
implementation with 4 datasets. 

rand.py 
Test on the wine dataset. Shows the chance of getting the wines correctly using only a 
random guess. Run it to print the chances in the console. 

Non-working file 

perceptron_fpga.py 
Tries to show result by turning on a led. 

test_on_fpga.py 
Tries to get the algorithm working on the FPGA using UART. 

Other files 
Other files are either files that are not supposed to be run (as a component of other files) or 
files that test features (pyserial, nmigen). 

Conclusion 
For us, the subject was interesting. It gave us the opportunity to learn a bit more about deep 
learning even if the perceptron remains simple. It was particularly interesting giving the fact 
that a course was dedicated to it for multimedia students. It allows to find some connections 
between the works we did in the 2 course, which is really rewarding. Yet, we were not able 
to go through everything we wanted to do, because we didn’t see the problem before facing 
it, and at this moment, it was too late. So we were not able to run our algorithm on FPGA. 
However, this experiment will serve as a lesson for our later projects. Our work also bring us 

https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/layer_simulation.py
https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/mlp_python.py
https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/mlp_simulation.py
https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/perceptron_python.py
https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/rand.py
https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/perceptron_fpga.py
https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/19/code/-/blob/master/test_on_fpga.py


 

new programming skills. Before this, I was not able to write a simple class in python, so this 
project made me discover a little bit further this language (it will certainly be useful). 


