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TUTIONS

Empathy

Weighted linear regression

Weight Heteroscedasticity Minimizing
assignment handling residuals
Data points are Often used to handle Minimizes the sum
assigned specific heteroscedasticity. It of weighted squared
weights. This prioritizes certain residuals. Weights
improves parameter observations. are proportional to
estimates. inverse variance.
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Locally
Weighted
Regression

Resampling
Techniques
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Weighted Regression Models

Allows for unequal variances
across data points, unlike OLS.

Creates a specific model for each
query point by focusing on local
data

Bootsirap is often combined with
weighted strategies to estimate
variability.

Weighted Least
Squares (WLS)

Implementation
in Software

Provides a BLUE by reducing the
influence of less precise data
points.

Python and Excel have different
approaches to implementing
weighted regression.
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TUTIONS

Weighted Resampling & Ensemble Methods

\

'L-E-‘lEI'EHIIEd Lme-al

Weight Trimming
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TUTIONS
# solution of linear regression
import numpy as np w_Ir=np.linalg.inv(X.T @ X) @ X.T @y
import matplotlib.pyplot as plt _
# calculate residuals
# set the seed res=y-X@w_Ir
np.random.seed(561)
) # estimate the covariance matrix
# generate a single feature randomly C =np.diag(res**2)
X0 = np.random.rand(100)
# actual interception and slope of linear regression ; SO]““S“ of weighted lincar regression - .
intercept = 2 w_wlr = np.linalg.inv(X.T @ np.linalg.inv(C) @ X) @ (X.T @ np.linalg.inv(C) @ y)
slope =5

# generate the feature set for plotting

# generate random observation noise (error) X p=np.c_[np.ones(2), np.linspace(X0.min(), X0.max(), 2)]

# noise variance is a function of the feature (heteroscedastic noise)
noise = 3*np.abs(X0)*np.random.randn(X0.shape[0])

# plot the results
# generate the response variable plt.plot(X0, y, 'b.", label='Observations')
y = slope* X0 + intercept + noise plt.plot(X p[:1], X p @ w_Ir, 'r-', label='Linear Regression')
o plt.plot(X p[:,1], X p @ w_wlr, 'g-', label="Weighted Linear Regression')
# generate the augmented feature matrix (bias + feature) plt.plot(X_p[:,1], X_p @ [intercept, slope], 'm--', label='Actual Regression')
X =np.c_[np.ones(X0.shape[0]),X0] plt.grid(linestyle="")
plt.ylabel('Response')
plt.xlabel('Feature')
plt.legend()
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LR vs WLR
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Activity

ACTIVITY: Weighted Resampling

@ Objective

To understand how weighted resampling works and how it helps focus on important or misclassified data

points.

Given Data

Sample Value Weight
A 10 0.10
B 20 0.20
C 30 0.30
D 40 0.25
E 50 0.15
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Student Tasks

1.Construct cumulative probability table
2.Generate 5—10 random numbers
3.Perform weighted resampling manually
4.Count frequency of each sample

5.Compare with original weights
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MCQ

MCQs on Weighted Resampling (commonly used in statistics, machine learning, and
bootstrapping):

1. Weighted resampling refers to:

A) Selecting samples randomly with equal probability

B) Selecting samples based on assigned weights

C) Removing duplicate samples

D) Sorting the dataset

Answer: B) Selecting samples based on assigned weights

2. In weighted resampling, weights represent:

A) Size of dataset

B) Importance or probability of selecting each sample
C) Number of variables

D) Mean of data

Answer: B) Importance or probability of selecting each sample
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1. WHAT IS WEIGHTED RESAMPLING?

e A technique where each data point has a weight
that determines its chance of being selected.

* Samples are drawn with replacement according
to these weights.

» Used to give more importance to some samples
than others.
Goal: Focus more on important
or harder examples and improve
model performance.

5. RESAMPLING PROCESS (STEP-BY-STEP)

e Create cumulative probability table.
@ Generate a random number (0 to 1).
© Find the interval in which the number falls.

e
 —
o Select the corresponding sample. Vi

\e Repeat to get required sample size.

6. ILLUSTRATION

Random Numbers
Selected Samples

0.12
o | _,[s] (2] (<] E
0.45 — B = =0 =
0.95 | sample C has highest weight co.zo)\;
0.33 . —» appears more often. i

7 Weights must be non-negative and sum to 1.

¢ Used in many machine learning algorithms.

Higher |
Sampling is usually done with replacement. Weight
High weight — high probability. |‘ Hig_her
| Chance |

MINDMAP

WEIGHTED
RESAMPLING

Selecting samples with different
probabilities based on assigned
weights.

0000 - 0000O--
e

Resampled Data
(with replacement)

Original Data

7. WHERE IS IT USED?

~0 o
ailll >
Boosting Handling Importance Ensemble Simulation &
Imbal; i Methods Monte Carlo
Data Methods o

Probability
o re 1
| Sample C has |
| the highest !
{ probability.

:

Samples

2. HOW IT WORKS? 3. EXAMPLE
Dataset with Weights
- - - Sample Value Weight Total Weight = 1.0
= A 10 0.10
Higher weight —
Assign weights ~ Convert weights  Generate random Select sample B 20 0.20 Skl =
e S Higher chance
to each sample to pi based on c 30 0.30 of selecti
(sum = 1) Oand1 p ility N
D 40 0.25
E 50 0.15

4. CUMULATIVE PROBABILITY TABLE

Sample | Weight | Cumulative Probability it
A 0.10 0.10 probability to
B 0.20 0.30 Y3 e
(o} 0.30 0.60 samples. 5
D 0.25 0.85
E 0.15 1.00 o 0.5 1
5
8. ADVANTAGES
o Focuses on important or difficult samples.
Q Helps handle imbalanced datasets.
o Improves model accuracy.
° Flexible and easy to implement.
S

11. KEY TAKEAWAY

Weighted resampling allows us to
select samples based on their

importance, leading to better
learning, especially in imbalanced
or complex problems.
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