
import pandas as pd
from sklearn.model_selection import train_test_split
from sklearn.preprocessing import LabelEncoder

penguins = pd.read_csv("palmer_penguins.csv")
train, test = train_test_split(penguins, test_size = 0.2, random_state=42)
penguins.head()

label_encoder_island = LabelEncoder() # This will be useful later to ensure consistent encodings and help us convert back to species name
label_encoder_species = LabelEncoder() # useful later for converting back to island name

def prep_penguin_data(data_df):
"""

    Prepares the penguin dataset for machine learning by encoding categorical variables,
    transforming dates, and splitting the data into features and target labels.

    Parameters:
    data_df (pd.DataFrame): The original penguin dataset.

    Returns:
    tuple: A tuple containing:
        - X (pd.DataFrame): The feature data after preprocessing.
        - y (pd.Series): The target labels (encoded species).

    Steps:
    1. Make a copy of the input DataFrame to prevent errors due to modifications.
    2. Encode non-numeric columns ('Region', 'Stage', 'Clutch Completion', 'Sex') using LabelEncoder.
    3. Encode 'Island' and 'Species' columns using predefined label encoders (`label_encoder_island`, `label_encoder_species`).
    4. Convert 'Date Egg' column to numeric values representing the number of days from the earliest date in the dataset.
    5. Drop irrelevant columns ('studyName', 'Sample Number', 'Individual ID', 'Comments').
    6. Remove rows containing NaN values.
    7. Split the preprocessed DataFrame into features (X) and target labels (y).

    """
df = data_df.copy() # prevent errors by making a copy

le = LabelEncoder()
non_numerics = ['Region', 'Stage', 'Clutch Completion', 'Sex']
for col in non_numerics:

df['old ' + col] = df[col]
df[col] = le.fit_transform(df[col]) # encode non-numeric columns so our model can use them

df['Island'] = label_encoder_island.fit_transform(df['Island'])



df['Species'] = label_encoder_species.fit_transform(df['Species'])

df['Date Egg'] = (pd.to_datetime(df['Date Egg'], format='%m/%d/%y') - pd.to_datetime(df['Date Egg'], format='%m/%d/%y').min()).dt.days
# convert the date to a number of days from the earliest date egg in the data

df = df.drop(columns=['studyName', 'Sample Number', 'Individual ID', 'Comments']) # remove these columns as they should not be considered
df = df.dropna() # remove rows containing NaN

# split into X and y
X = df.drop(['Species'], axis = 1)
y = df['Species']

return(X, y)

X_train, y_train = prep_penguin_data(train)
X_test, y_test = prep_penguin_data(test)

from matplotlib import pyplot as plt

def get_mode(group):
'''

    Gets information about the most frequent value in a dataframe with qualitative data.
    Takes a dataframe as a parameter, we should liekly run groupby before passing
    Returns dataframe with the mode, the frequency of the mode occuring, the total
    number of values, and the percentage of the data that is the mode.
  '''

mode = group.mode().iloc[0] # Get the first mode value for each column
mode_freq = group.apply(lambda x: x.value_counts().iloc[0]) # Count of the mode for each column
percentage = mode_freq / len(group) * 100 # Percentage of the mode occurrence
# Combine mode, counts, and percentages into a single DataFrame
result = pd.DataFrame({

'mode': mode,
'count': mode_freq,
'population': len(group),
'percentage': percentage.round(2)

})
return result

table1 = penguins.groupby('Species')[['Stage', 'Clutch Completion', 'Sex', 'Island', ]].apply(get_mode)
table2 = penguins.groupby('Island')[['Stage', 'Clutch Completion', 'Sex', 'Species']].apply(get_mode)

table1

table2



fig, ax = plt.subplots(1, 2, figsize=(20, 5))
ax[0].scatter(penguins['Culmen Length (mm)'], penguins['Body Mass (g)'], label = 'Culmen Length vs Body Mass')
ax[0].set(title='Scatter plot of Culmen length vs Body mass' ,xlabel= 'Culmen Length (mm)', ylabel='Body Mass (g)')

avg_culmen_depth = penguins.groupby('Island')['Culmen Depth (mm)'].mean()
ax[1].bar(avg_culmen_depth.index, avg_culmen_depth.values, color=['red', 'blue', 'orange'])
ax[1].set(title='Bar chart showing average Culmen Depth vs Island', xlabel='Island', ylabel='Average Culmen Depth')

def penguin_summary_table(group_cols, value_cols):
return penguins.groupby(group_cols)[value_cols].mean().round(2)

penguin_summary_table(["Species"], ["Culmen Length (mm)", "Culmen Depth (mm)", "Body Mass (g)", "Flipper Length (mm)"])



def decision_tree(island, mass, culmenLength):
'''

    Takes island, mass, and culmen length variables and predicts which species the penguin is.
    This never actually gets used, just to sample how our variables can be used to
    classify penguins.
    Input: island name (string), mass in g (float), culmenLength in mm (float)
  '''

if island == "Torgersen"
return "Adelie"

elif island == "Biscoe":
if mass > 4500 or culmenLength > 44

return "Gentoo "
else:

return "Adelie"
else:

if culmenLength > 44:
return "Chinstrap"

else:
return "Adelie"

def drop_useless(data_df):
"""

    Only keep the values we selected in previous section
    """

df = data_df.copy()
df = df[['Culmen Length (mm)', 'Body Mass (g)', 'Island']]# only keep the columns containing
return df

X_train = drop_useless(X_train)
X_test = drop_useless(X_test)

X_train

from sklearn.preprocessing import PolynomialFeatures
from sklearn.linear_model import LinearRegression
from sklearn.pipeline import make_pipeline
from sklearn.model_selection import cross_val_score
import numpy as np

from sklearn.linear_model import LogisticRegression
plt.title('Accuracy of Different Solving Method')
plt.xlabel('Polynomial Degree')



plt.ylabel('Cross-Validation Score')
plt.xticks(range(0, 10))

solvers = ['newton-cg', 'sag', 'lbfgs', 'saga']
methods = []
scores = []
bestSolver = None
bestScore = 0

for s in solvers:
#because of size of data set, increased iterations to 10000
LR = LogisticRegression(multi_class='multinomial', solver=s, max_iter=10000)
cvScore = np.mean(cross_val_score(LR, X_train, y_train, cv=10))

if cvScore > bestScore:
bestScore = cvScore
bestSolver = s

scores.append(cvScore)
methods.append(s)

plt.scatter(methods, scores, color='Blue')
plt.scatter(bestSolver, bestScore, color='red', label=f'Best Solver: {bestSolver}')
plt.legend()
plt.show()

from sklearn.metrics import ConfusionMatrixDisplay
LR = LogisticRegression(multi_class='multinomial', solver='newton-cg', max_iter=10000)
LR.fit(X_train, y_train)

y_test_pred = LR.predict(X_test)
ConfusionMatrixDisplay.from_predictions(y_test, y_test_pred)
print("The accuracy score of the Logistic Regression model is: " + str(LR.score(X_test,y_test)))



from matplotlib.colors import ListedColormap

island_dict = {name: label_encoder_island.transform([name])[0] for name in label_encoder_island.classes_}
species_dict = {name: label_encoder_species.transform([name])[0] for name in label_encoder_species.classes_}
# species_dict_inverse = {v: k for k, v in species_dict.items()}

print(species_dict)

def plot_regions(c, X, y):
"""

    Function to plot decision regions for a classification model c.

    Parameters:
    c : classifier object
        The classification model to visualize.
    X : DataFrame
        The feature data.
    y : Series
        The target data.
    island : str
        The island name to filter the data.
    is_train : bool
        Whether to use training or test data.

    Returns:
    None
    """

# Create the plot
fig, ax = plt.subplots(1, len(island_dict), figsize = (30, 5))

for island_name, island_num in island_dict.items():
island_indices = X.index[X['Island'] == island_num]
island_X = X.loc[island_indices]
island_y = y.loc[island_indices].reset_index()
island_y = island_y['Species']

x0 = island_X['Culmen Length (mm)']
x1 = island_X['Body Mass (g)']

# Create a grid
grid_x = np.linspace(x0.min(), x0.max(), 501)
grid_y = np.linspace(x1.min(), x1.max(), 501)
xx, yy = np.meshgrid(grid_x, grid_y)

XX = xx.ravel()
YY = yy.ravel()
XY = pd.DataFrame({

'Culmen Length (mm)' : XX,
'Body Mass (g)' : YY,
'Island' : island_num

})

p = c.predict(XY)
p = p.reshape(xx.shape)

colors = ['#FF0000', '#00FF00', '#0000FF'] # Red, Green, Blue



c_map = ListedColormap(colors[:len(label_encoder_species.classes_)])

contour = ax[island_num].contourf(xx, yy, p, cmap=c_map, alpha=0.4)

# if island_name == 'Dream':
#    colors = ['#FF0000', '#0000FF', '#00FF00']  # Red, Green, Blue
#    c_map = ListedColormap(colors[:len(label_encoder_species.classes_)])
# Plot the data
scatter = ax[island_num].scatter(x0, x1, c=island_y, cmap=c_map, edgecolor='k', s=20)
ax[island_num].set(xlabel="Culmen Length (mm)", ylabel="Body Mass (g)", title=f'Island: {island_name}')

sm = plt.cm.ScalarMappable(cmap=c_map, norm=plt.Normalize(vmin=min(species_dict.values()), vmax=max(species_dict.values())))
sm.set_array([])
cbar = plt.colorbar(sm, ax=ax.ravel().tolist(), ticks=list(species_dict.values()))
cbar.ax.set_yticklabels(list(species_dict.keys()))

plt.show()

# Run programming for LR

plot_regions(LR, X_test, y_test)

from sklearn.ensemble import RandomForestClassifier
plt.title('Accuracy of Different Depths in Random Forest')
plt.xlabel('Max Depth')
plt.ylabel('Cross-Validation Score')
plt.xticks(range(0, 31, 5))

depths = []
scores = []
bestDepth = None
bestScore = 0

for d in range(1, 31):
#because of size of data set, increased iterations to 10000

RF = RandomForestClassifier(max_depth = d)
cvScore = np.mean(cross_val_score(RF, X_train, y_train, cv=10))
if cvScore > bestScore:

bestScore = cvScore
bestDepth = d

scores.append(cvScore)
depths.append(d)

plt.scatter(depths, scores, color='Blue')
plt.scatter(bestDepth, bestScore, color='red', label=f'Best Depth: {bestDepth}')
plt.legend()
plt.show()



RF = RandomForestClassifier(max_depth = bestDepth)
RF.fit(X_train, y_train)

y_test_pred = RF.predict(X_test)
ConfusionMatrixDisplay.from_predictions(y_test, y_test_pred)
print("The accuracy score of the Random Forest model is: " + str(RF.score(X_test,y_test)))

plot_regions(RF, X_test, y_test)

from math import inf



from sklearn.neighbors import KNeighborsClassifier
plt.title('Accuracy of Different K Values in K Nearest Neighbors')
plt.xlabel('# of Neighbors')
plt.ylabel('Cross-Validation Score')
plt.xticks([0, 5, 10, 15, 20, 25, 30])

neighbors = []
scores = []
bestk = None
bestScore = -inf

for k in range(1, 31):
clf = KNeighborsClassifier(n_neighbors = k)
cvScore = np.mean(cross_val_score(clf, X_train, y_train, cv=10))
if cvScore > bestScore:

bestScore = cvScore
bestk = k

scores.append(cvScore)
neighbors.append(k)

plt.scatter(neighbors, scores, color='Blue')
plt.scatter(bestk, bestScore, color='red', label=f'Best # of Neighbors: {bestk}')
plt.legend()
plt.show()

clf = KNeighborsClassifier(n_neighbors = bestk)
clf.fit(X_train, y_train)

y_test_pred = clf.predict(X_test)
ConfusionMatrixDisplay.from_predictions(y_test, y_test_pred)
print("The accuracy score of the K Nearest Neighbors model is: " + str(clf.score(X_test,y_test)))

plot_regions(clf, X_test, y_test)




