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Simple Confusion Matrix Tutorial
------------------------------------------------------------------------------------------------------------------------
Ensure you have a suitable environment open, and that you have a working instance of Jupyter Notebook.

1. Open Anaconda Navigator and ensure you are in the environment that you set up. Click ‘Launch’ on the Jupyter Notebook tab.
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2. Once the Jupyter Notebook tab opens in a browser window, choose ‘New’ and in the dropdown menu choose ‘Python 3 (ipykernel)’.
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3. Once a notebook window is opened, you can start coding. 
 Firstly import the packages you will need. For this tutorial you will need:
a. metrics (from sklearn)
b. pandas
c. seaborn
d. matplotlib.pyplot
Pandas, seaborn and matplotlib.pyplot will be imported using an alias (a variable to use in stead of the full name). This will be quite common with several packages. Importing packages will always be the first step. Once you have coded a cell in Notebook, you will need to click the ‘run’ button to run that cell (looks like a play button, see below).

from sklearn import metrics
import pandas as pd
import seaborn as sn
import matplotlib.pyplot as plt

4. As a note, remember you can name your notebook to be saved for later reference.
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5. Now create two labels, Cat using variable C and Fish using variable F. These will emulate predictions against true values.
C = "Cat"
F = "Fish"
6. Create an array variable for the true values and populate it with the labels. The hash (#) is the way to comment out.
# True values
y_true = [C, C, C, C, C, C, F, F, F, F, F, F, F, F, F, F]

7. Create an array variable for the predicted values and populate it with the labels.
# Predicted values
y_pred = [C, C, C, C, F, C, C, C, C, C, C, F, F, C, C, C,]

8. Now run the cell.
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9. Print a confusion matrix using the method from ‘sklearn metrics’. Feed in the true values array and the predicted values array as parameters. Run the cell.
print(metrics.confusion_matrix(y_true, y_pred))

What does this produce?
10. Now create a classification report using the metrics.
print(metrics.classification_report(y_true, y_pred, digits=3))

11. Then print the accuracy score. Then run the cell.
print(metrics.accuracy_score(y_true, y_pred))
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What does this show?
What can you interpret from this?
12. For further visualisation purpose, let’s create a heat map of the confusion matrix using a pandas dataframe;
a.  First create a data object with both the y_true and y_pred.
data = {'y_true': [C, C, C, C, C, C, F, F, F, F, F, F, F, F, F, F],
        'y_pred': [C, C, C, C, F, C, C, C, C, C, C, F, F, C, C, C,]}

b. Create the dataframe using Padas.
df = pd.DataFrame(data)

c. Print the dataframe. Now run the cell.
print(df)
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	What does this show?
d. We can now create a more readable confusion matrix with labels through a ‘confusion_matrix’ variable using the Pandas dataframe. Then print it. Run the cell.
confusion_matrix = pd.crosstab(df['y_true'], df['y_pred'], rownames=['Actual'], colnames=['Predicted'])

print(confusion_matrix)

	Compare this to the previous confusion matrix.



e. Now use Seaborn to create the heatmap confusion matrix. Plot it using matplotlib.Pyplot. Run the cell.
sn.heatmap(confusion_matrix, annot=True)
plt.show()

Compare this to the previous two.

13. Now let’s add the totals of columns and rows.
confusion_matrix = pd.crosstab(df['y_true'], df['y_pred'], rownames=['Actual'], colnames=['Predicted'], margins = True)
print(confusion_matrix)

What is the output?

14. Now we will try one with three labels:
a. On the same notebook, create a third label, Hen ‘H’.
b. Create new actual and predicted arrays.
c. Run the cell.
H = "Hen"

# True values
y_actual = [C, C, C, C, C, C, F, F, F, F, F, F, F, F, F, F, H, H, H, H, H, H, H, H, H]
# Predicted values
y_predicted = [C, C, C, C, H, F, C, C, C, C, C, C, H, H, F, F, C, C, C, H, H, H, H, H, H]

d. Now print the basic confusion matrix.
e. And the classification report.
f. Run the cell.
print(metrics.confusion_matrix(y_true, y_pred))
print(metrics.classification_report(y_true, y_pred, digits=3))
g. Interpret the output.
h. Now create the data object.
i. Create a Pandas dataframe.
j. Print the dataframe to check the results.
k. Run the cell.
data = {'y_actual': [C, C, C, C, C, C, F, F, F, F, F, F, F, F, F, F, H, H, H, H, H, H, H, H, H],
        'y_predicted': [C, C, C, C, H, F, C, C, C, C, C, C, H, H, F, F, C, C, C, H, H, H, H, H, H]}
df = pd.DataFrame(data)
print(df)

l. Print the confusion matrix from the dataframe.
m. Run the cell.
confusion_matrix = pd.crosstab(df['y_actual'], df['y_predicted'], rownames=['Actual'], colnames=['Predicted'])
print(confusion_matrix)

n. Create the heatmap and plot it.
o. Run the cell.
sn.heatmap(confusion_matrix, annot=True)
plt.show()

In this last confusion matrix, pay attention to the central diagonal.
What is this?
What does this mean for anything outside the diagonal?
What same information can be seen from the confusion matrix and the classification report?
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