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Exploratory Data Analysis: By Feature

Key Observations:
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Exploratory Data Analysis: Feature vs Quality

Note: Each point represents the mean of each feature at

each level of quality
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Key Observations:
Alcohol
e Most notable positive
correlation among
both colors
Many features show similar
trends across both colors
e Atvarying quantities
e Similar Distributions
Some features show
deviation from trend at
outliers
e Quality levels of 3 and
8 are higher/lower
than rest of trend




Regression Models: Linear Regression and Lasso

Linear Regression

color rmse r2

red 0.620057 0.328389
white 0.812309 0.251348

Lasso Regression

color rmse r2

0 red 0619194 0.330259
1 white 0.814208 0.247843
Note: Feature Selection (Coefficient < 0.01)
e Red: Free sulfur dioxide, total sulfur dioxide,
density

e White: Free sulfur dioxide, total sulfur dioxide,
density, chlorides, citric acid



Regression Models: Random Forest and kNN

Random Forest kNN

color rmse r2 color rmse r2

red 0.559744 0.452689 red 0.697847 0.149305

white 0.691112 0.458080 white 0.867347 0.146460



Best Model: Random Forest Regression

Note: Each point represents the mean of each feature at
each level of quality
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color rmse r2

red 0.559744 0.452689

white  0.691112 0.458080

Key Observations:
Model typically mimics
overall trends when
quality is between 5-7
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Model fails to predict
outlier values of <4 and
>8



Decision Tree Classification

classification report for wine type with all features

e 7/5.4% of data is on white

precision recall fl-score support i
wine
hed L = e Used criterion of entropy
white 0.99 0.98 0.99 1973
and no max depth
accuracy 0.98 2599 e Regulations for sulfur
macro avg 0.97 0.98 0.98 2599 . . .
weighted avg 0.98 0.98 0.98 2599 dIOXIde Content In

different wine types
e Model performs slightly
worse with regulated

classification report for wine type with only non-regulated features

precision recall fl-score support features removed
red 0.95 0.95 0.95 626
white 0.98 0.98 0.98 1973
accuracy 0.97 2599
macro avg 0.97 0.97 0.97 2599
weighted avg 0.98 0.97 0.98 2599



Decision Tree Classification

All features, depth of 12




Decision Tree Classification

Only unregulated features, depth of 14




kNN Classification (Quality Prediction)

Classification Report for Quality Prediction:

- Most frequent quality

precision recall fl-score support
labels: 5 and 6 (model
3 0.7 @:11 9.32 2 also performs well with
- 0.23 0.13 e.17 69
5 9.54 0.65 9.59 613 these Iabels, with recalls
g 0.58 0.57 0.58 894 >50% for both)
7 0.50 0.43 0.46 315
g 5,55 455 IR 29 - Performs poorly for rare
: 0.00 0.00 0.00 1 quality labels (3, 4, 8, 9)
- Overall model accuracy:
accuracy .54 1950
macro avg .33 0.29 0.30 1950 54%
weighted avg .53 .54 .54 1950



kNN Classification (Quality Prediction)

Classification Report for Quality Prediction
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kNN Classification (Wine Type Prediction)

Classification Report for Wine Type Prediction:
precision recall fl-score support

red 0.97 0.98 0.98 502

white 0.99 0.99 0.99 1448
accuracy 0.99 1950
macro avg 0.98 0.99 0.98 1950
weighted avg 0.99 9.99 9.99 1950

Model accuracy for both
wine types: ~99%

Model easily distinguishes
between red and white
wines, due to features like
density, volatile acidity,
and/or residual sugar that
likely play a role



kNN Classification (Wine Type Prediction)

Classification Report for Wine Type Prediction
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SVM Classification

- Linear SVM with C=1 in order to
help avoid overfitting over many

features

- Model accuracy at 97%, slightly
better at predicting red wines

- Total of 34 incorrect predictions
from the model on 1300 test data
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- Determined ‘Fixed Acidity’ and
SVM ClaSSiﬁcation ‘Chlorides’ were best predictors

through permutation importance
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Feature Importance for Red vs. White Wine
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Classification Report for Wine Type Prediction with all features 3
precision recall fl-score support -2
red 0.98 1.00 0.99 320 %
white 1.00 9.99 1.00 980
accuracy 1.00 1300 -6 i . i . . . i . . i i
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Feature

- Accuracy for the model is very

Classification Report for Wine Type Prediction with non-regulated features h|gh and |S able to d|St|ngU|Sh
precision recall fl-score support between the Wh|te and red
red .95 0.99 0.97 320 wines
uice Lee s ess o - The positive coefficients for
accurac 0.99 1300 1 1 1
e _— 55 g o feature importance |nd|c'ate
weighted avg .99 .99 0.9 1300 those features are associated

with predicting white wine
while negative is red wine.
T



Probability of High Quality

Logistic Regression

Some Interesting logistic regression curves
Residual sugar and fixed acidity significantly contribute to predicting quality

As pH increases the probability of higher quality wine also increases but only slightly

Logistic Regression Curve: residual sugar
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Logistic Regression Curve: fixed acidity

Logistic Regression Curve: pH
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